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Foreword by Prof. Mark Robinson

I am honoured to provide this Foreword for Sustainable Rail Transport 4. The fact
that we are now on volume 4 and the quality has been maintained and even improved
is a testament to Dr. Marin Marinov’s stamina and dedication. He is incredibly
hard working and thorough in everything he does, and it is a pleasure working with
him. It is also true that Marin’s drive and personality help the authors honour their
commitments to produce these fine articles.

The breadth of the papers is astonishing, and it is fair to say that the importance
of rail as the backbone of an intermodal “Mobility as a Service” within cities and
beyond, for both passengers and goods, meeting the needs of customers and society
is absolutely supported by the articles. Inclusivity and accessibility are considered
for all, from persons with reduced mobility to storing luggage.

The challenges of climate and environmental change are recognisedwith reference
to energy saving, emission reduction and alternative zero carbon propulsion tech-
nologies. Due to climate change, more sustainable passenger and freight transport are
in need. Rail is considered a more sustainable mode of transport compared to others
such as road transport. Usage of rail lines that are currently under-utilised could help
increase the sustainability of transport through enhanced utilisation of them. Aspects
such as logistics are considered in terms of economic growth in relation to the world
market, and comparisons are made that can support individual countries growth. Rail
is demonstrated as the environmental situation in Europe if it was to be at the centre
of sustainability-driven policies. In particular, it provides a relative picture of the
CO2 emissions generated by short-distance air passenger transportation in Europe
which could have been transferred to high-speed rail and produce less CO2. Russia
is used as a case study sustainability of Russia’s railway infrastructure, whose devel-
opment faces innumerable challenges including its geography, demographic density
and specific political considerations.

Rail is the safest form of travel, and these articles support this theme and develop
it further by addressing issues such as level crossings where there is potential for
cross-mode accidents. This volume has not shirked these issues and also addresses
the aspect such as noise that can be generated by heavy haul, the different types
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vi Foreword by Prof. Mark Robinson

of noise that originate from railroads were identified, the squeal noise generated at
curves, the impact noise generated at rail joints and the rolling noise stand out.

There are a number of factors addressed by these articles including opening up
the rail passenger market to compete the ambition to achieve European technological
leadership, increasingurbanisation and strategic autonomyand ensuring a sustainable
and inclusive recovery from the COVID crisis requiring the convergence of dispersed
research and innovation efforts within a shared vision of system transformation.

Addressing these issues needs long-term action plans, based on the Sustainable
Development Goals of the United Nations. Rail and public transport are part of
the solution, offering innovated services that provide mobility for passengers and
delivery of goods and ensure sustainable socio-economic evolution. The volume
identifies the importance of rail traffic flows from China and Europe and explores
the potential of the railway network of the Republic of Kazakhstan as an effective
and competitive transit transport route. There is also consideration of the TEN-T
corridors.

I commend Dr. Marin Marinov in the production of Sustainable Rail Transport
4, as it highlights and builds on rail’s existing credentials as the most environmen-
tally friendly form of mass land transport and provides the latest discussions for
consideration from the challenge of Hyperloop to the transportation of dangerous
goods.

Newcastle upon Tyne, UK Prof. Mark Robinson
Director of NewRail and Professor of

Rail Systems Engineering, Group Lead
Future Mobility

Newcastle University



Foreword by Prof. Ed Sweeney

I am delighted to see that Volume 4 of Sustainable Rail Transport has been published.
The fact that another volume has been developed is itself a testament to the quality
of the earlier volumes and the contribution that they made to the ongoing discourse
in this hugely important field. I am also honoured to again be invited to provide
the Foreword to what is another volume of extremely high quality. This high quality
suggests that it will become an indispensable work for experts in the fields, as well as
a valuable source of fascinating insights for non-expert rail enthusiasts like myself.
For rail specialists involved in research and scholarship, as well as for those in
professional practice, this volume provides a wealth of information and knowledge
about key developments and trends impacting the sector.

The railway industry is a dynamic and challenging one. The COVID-19 pandemic
of 2020 has created a range of new challenges for the industry to grapple with. This
is in addition to the challenges of operating in a market place has come more sophis-
ticated, comprising customers with increasingly demanding value expectations. The
wider business and regulatory environment is a complex one and subject to a high
degree of change and unpredictability. Technology has continued to develop at a
rapid rate, presenting rail professionals with an array of opportunities and threats.
The anthropogenic impact of transport and logistics processes is now widely under-
stood with climate change representing an existential threat. The rail industry is
well positioned to support wider policy initiatives—including but not limited to
modal shift—aimed at creating more environmentally sustainable passenger and
freight transport systems. In this context, it is becoming clear that more integrated
approaches are required, particularly in the context of transport system design with
rail, and play a more critical role. The publication of this volume is very timely in
this context.

It is important that rail policy-making is evidence-based and that innovation in
the sector is based on the best available knowledge about operations, systems, tech-
nology and management. The high-quality research described in this volume is crit-
ical in this regard. As with previous volumes in this series, the research that has
been undertaken is characterised by high levels of rigour in the research method-
ologies and approaches adopted by scholars. This is vital as the development of
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viii Foreword by Prof. Ed Sweeney

deeper and richer insights into the complex phenomena under investigation needs to
be based on research designs that are logical and systematic. However, this research
excellence and academic rigour alone is not sufficient; it needs to be combined
with a deep understanding of the evolving needs of the industry for the outputs to
be truly valuable and impactful. I am delighted that this volume clearly demon-
strates both academic excellence and practical relevance, with much of the work
representing the fruits of effective academic/industry collaboration. The volume also
demonstrates clearly that high-quality rail research requires truly interdisciplinary
approaches. There is extensive use of multi-phase research approaches that adopt
multiple methods of data collection and analysis. This presents challenges, but the
material in this volume provides many excellent examples of good research practice
in this regard. In tandem with this, there are illustrations of innovative practices from
a range of different geographical settings. This is very welcome in the context of the
increasingly international complexion of transportation and logistics systems, and
the attendant needs to develop world-class levels of performance.

As I noted in my Foreword to volume 3, rich tomes of this kind require immense
dedication and commitment on the part of a range of individuals—authors, editors,
publishers and others. In this context, I would again like to commend my Aston
University colleague, Dr. Marin Marinov, for his energy and enthusiasm in bringing
this work to fruition. Marin is a passionate advocate of rail research and its critical
role in developing a sustainable future for this strategically critical industry. Thanks
to his work, as well as that of his collaborators, Sustainable Rail Transport 4 will
play an important role in our ongoing discourse and debate in this field.

December 2020 Prof. Ed Sweeney
Professor of Logistics and Systems
Engineering Systems and Supply

Chain Management
Aston University
Birmingham, UK



Preface

Welcome to this important book, Sustainable Rail Transport 4, a collection of papers
written by academics and students with a passion for rail transport. Since 2014, a
core group of enthusiastic writers has presented works that have inspired others to
explore some of the latest thinking, research and developments in rail transport. Led
by Dr. Marin Marinov, the latest and fourth volume of Sustainable Rail Transport
continues to inspire all who will read it. The call for global papers met with great
interest and readers will not be disappointed by the contributions, so the opportunity
to again be involved with the development of this vital piece of work has been an
absolute pleasure.

Thebook comes at a time in history like noother.COVID-19has upendedour lives,
causing rail companies to rethink how and when they offer services. New approaches
to costing and service delivery have been vital in the ever-changing situation of the
COVID-19 pandemic. Ensuring services remain viable while incorporating strict
health and safety measures, unheard of even a year before 2020, has been a battle
for many rail companies.

Amidst the need for social distancing, personal protective equipment and personal
hygiene, the demand for rail passenger transport has declined for the time being. The
industry has realised new ways of tracking customers who use rail services will be
essential. As a result, innovations such as QR code scanning to track passengers have
become a standard practice in some countries. Additionally, there has been a rise in
opportunities for new types of jobs including the importance of once considered
menial roles such as cleaning and disinfecting to ensure passengers remain safe—a
positive outcome for millions of people working in unskilled roles in rail companies.

Freight transport has risen to the fore as an essential service delivering essential
goods.

Other realisations lean towards new train designs to accommodate social
distancing using materials that prevent viruses from living for long periods. While
the pandemic is global, the rail industry will need to consider culturally and ethically
appropriate practices for each country where they operate. All these realities high-
light that the world in which we live cannot be controlled, and therefore, an open
mind is needed to explore new ideas and break away from past mindsets. Recent
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developments indicate the need for creativity and innovation for the rail sector to
survive and “pivot” quickly.

The ideas offered by authors who have contributed to Sustainable Rail Transport
4 embrace these new ways of looking at problems in a novel way.

Topics in this volume include alternative energy sources in urban guided transport
systems and the effects of CO2 production in high-speed rail. Regarding transport
corridors, there are topics on the Scandria corridor, the hyperloop concept, Kazakh
rail and the Bedford to Bletchley simulation.

Safety topics include investigating the need for multi-resource allocation to
address safety issues at level crossings rather than looking at singular issues in isola-
tion.Noise issues anddangerous goods feature in two chapters,while station boarding
systems for people with reduced mobility and luggage on passenger trains are topics
that look to the future of rail transport.

Economics of countries and their impacts on the rail industry are featured in
chapters from Russia, the Slovak Republic and Brazil.

Thank you to all the authors and contributorswho havemade this volume possible.
I commend this volume as a worthy contribution to new rail industry knowledge and
trust you will benefit from the papers within Sustainable Rail Transport 4.

Port Lincoln, Australia Dr. Janene Piip
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Energy and Emissions Saving in Urban
Guided Transport Systems: Effectiveness
and Assessment of Hydrogen-Based
Solutions

Matt Davoudizavareh and Stefano Ricci

Abstract Global warming and climate change are indisputable facts. Since the
Industrial Revolution, the mean temperature of the planet has increased by 1 °C.
Now, temperatures are approaching a higher stage of +1.5 °C, and the attention
is on both CO2 emissions and energy consumption. Transportation is a significant
component of the environmental impact, accounting for approximately 30% of air
pollution and energy consumption. Due to the rapid urbanization in the EU, with
an estimated 74.3% of the population living in cities, which is forecasted to rise
to 80% by 2050, urban mobility is dramatically increasing its relevance. There-
fore, a reduction in energy consumption and pollutant emissions is a crucial factor
to consider in the development of urban transportation and particularly rail-based
systems to provide energy-saving transport services by improving the urban environ-
ment. Several methods and techniques are under development to improve the energy
performance of Light Rail Transport (LRT), which spread from different typolo-
gies of power supply to improve energy efficiency. This paper aims to start with the
latest developments and innovative energy sources for LRT systems. The focus is
on two parts: (a) trams running on hydrogen in parallel with onboard batteries with
energy-saving control techniques, (b) potential renewable energy sources to meet
the demand power. The comparison is with traditional power sources and equipment
(e.g., catenary-based). The development of the methods, based on selected indica-
tors, is ongoing, and the paper describes results of calculations and simulations for
a relevant case study: the new tramline in the city of Brescia (Italy).

Keywords Railways · Tram · Urban transit · Renewable energy · Fuel cell ·
Hydrogen
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2 M. Davoudizavareh and S. Ricci

1 Problem Positioning

Energy demand globally increased by 2.1% in 2017, according toGlobal Energy and
CO2Status Report issued by Organization for Economic Co-operation and Develop-
ment (OECD) and the International Energy Agency (IEA) (OECD-IEA 2018), more
than twice the average growth rate over the previous five years, which was 0.9%.
Moreover, energy-related CO2 emissions grew by 1.4% in 2017, a historical record,
after three years of emissions remaining flat worldwide.

On the other hand, renewable energies had the highest growth rate of any energy
source in 2017,meeting a quarter of global energy demand growth last year. Together,
China and the United States accounted for half of the increase in renewables-based
electricity generation, followed by the European Union (8%), Japan, and India (6%
each).

TheEUset an ambitious target of 40%greenhouse emission reduction by 2030 and
80% by 2050 (EC 2016a). Based on the Paris agreement, adopted on 12 December
2015, at COP21 and signed by 195 states in 2016, the EU is promoting the following
target (European Environmental Agency 2016): Holding the increase in the global
average temperature to well below 2 °Cabove pre-industrial levels and limiting
the temperature increase to 1.5 °C. To foster low carbon transition, a framework
strategy for a resilient Energy Union links the transport and energy systems (EC
2016b,2016c). Its key features are:

• Reduction of the dependency on particular fuels, energy suppliers, and routes;
• Full integration of the internal energy market and more efficient energy consump-

tion;
• Decarbonization of the economy.

Mobility within cities and between suburban areas and towns is significantly
important since transport represents more than 30% of the final energy consumption
in Europe (EC 2016b), and themajority of the EUpopulation is urbanized. According
to UITP (2016), in 2014, urban rail accounted for 44.3% of all local public transport
journeys in Europe (13.6% suburban rail, 16.2% metro, 14.5% tram/LRT).

Besides the environmental issues, health impacts of transport-related air pollu-
tion have become one of the most critical concerns. The cause is directly related
to emissions such as sulfur dioxide (SO2), carbon monoxide (CO) and hydrocar-
bons (HC), particulate matter (PM) and nitrogen oxides (NOx). Particulate matter
(PM), for instance, is a significant risk factor for mortality and morbidity associ-
ated with asthma, lung cancer, heart disease, etc. PM is a crucial concern in under-
ground stations, also for running electric trains due to its generation by train brake
and wheel wear, catenary electrical arc and so on. Reportedly, underground PM
exposure could be more dangerous than in open air. Exposure to ambient airborne
particulate matter is a major risk factor for mortality and morbidity, associated with
lung cancer, heart disease, myocardial infarction, and stroke, and more recently type
2 diabetes, dementia and loss of cognitive function and asthma. Reportedly, some
asthma inhalers release greenhouse gases linked to global warming.
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According to the House of Commons Environmental Audit Committee, metered-
dose inhalers account for nearly 4% of greenhouse gas emissions. The researchers
estimate replacing 1/10 of these inhalers with an environmentally friendly type (dry
powder inhalers) would reduce carbon dioxide equivalent emissions by 58 kilotons
(National Health Service 2018). That is similar to the carbon footprint of 180,000
return car journeys from London to Edinburgh.

As the European economy and transport demand are continuing to grow, the
mentioned aims are only achievable if attentions of policymakers, local companies’
and authorities are considered. In this framework, the article promotes:

• Firstly, a comparative assessment of the traditional power supply (catenary based)
in LRT systems with modern renewable energy sources.

• Secondly, newmethods for a better climate adaptable enhanced passenger comfort
and improved urban environment by removing catenary-based infrastructuremust
be considered.

The innovative concept includes the possibility to either transfer energy supply to
street ground surface with such systems like third rail electrification and magnetic
fields or moving the energy source onboard to practically remove the catenary
infrastructure.

Themost common onboard source nowadays are batteries, but they are expensive,
heavy, require the extensive use of rare-earth metals, and lithium-ion batteries which
are energy-intensive to be produced. Furthermore, charging them take a long time.
Another way to carry a clean energy source is by using the most abundant element
of the universe, hydrogen, already used in automobile industry but rarely in railway
sector, especially in an urban context. Hydrogen has specific energy up to 40,000
Wh/kg, comparing to only 278 Wh/kg for batteries, which is 236 times more and
makes using fuel cell vehicles a feasible choice.

Toyota Mirai (2014), a fuel cell-powered 113 kW car, with only 5 kg of hydrogen
for a total range of almost 500 km, was one of the first mass-production Fuel Cell
Vehicle (FCV) capable of running on both Hydrogen and Battery with variable
energy consumption thanks to a combination of power trains (Yoshida and Kojima
2015). The development of FCVs is followedbyother automotive companies (Honda,
Hyundai) and Locomotive companies.

In September 2018, Alstom commercialized the world’s first hydrogen-powered
train, the Coradia iLint that entered passenger service in Lower Saxony, Germany
(Alstom 2018). The two pre-series trains, homologated by the German Federal
Railway Association in July, are now running in Cuxhaven, Bremerhaven,
Bremervörde, and Buxtehude. The train can operate over a daily range of 1000 km.
Alstom and the local transport authority of Lower Saxony (LNVG) signed a contract
for the delivery of 14 hydrogen fuel cell trains by 2021. San Bernardino County
Transportation Authority (SBCTA) has awarded a contract to Stadler for a hydrogen
fuel cell train, FLIRT (Fast Light Intercity and Regional Train), which will be the
first type to operate in the USA. It will enter into service in 2024 on the Redlands
Passenger Rail Project (the Arrow), in California, a nine-mile line linking Redlands
and the Metrolink regional/commuter rail station in San Bernardino. Moreover, the
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most relevant FCV in mass urban transit ran in October 2017 in China: CRRC Tang-
shan Railway Company unveiled a prototype low-floor LRV powered by Canadian
supplier Ballard Power Systems with hydrogen fuel cell technology, FCveloCity, on
trial on the new 14 km light rail line in Tangshan (International Railway Journal
2018).

Ballard’s fuel cell technology works in combination with batteries and super-
capacitors over a range of 40 km, a top speed of 70 km/h, and a capacity of 336
passengers to offer entirely catenary-free operation on the line. The LRVs have a
range of 40 km on a single 12 kg hydrogen fill-up, which takes 15 min to complete.
The four-station line includes a 100 kg capacity hydrogen refilling station.

Finally, for better understanding of differences, potentials and drawbacks of the
traditional catenary based system and fuel cells; the comparison refers to the new
tramline project in Brescia (Italy).

The new tramway network includes three main sections (Fig. 1) of double-track
lines: T1, T2, and T3 for a total extension of about 23 km (46 km of single equivalent
track), 65% sharedwith the current urban road including approximately 41 signalized
intersections. The project cost would be 450,000,000e, forecasted to be operated by
2026 with a total number of max 14,040 passengers/h in rush hours with estimated
yearly demanded power of 9,000,000 kWh.

The paper will forecast possible environmentally friendly, clean local power
sources to cover at least 20% of demanded power. Moreover, it promotes low-cost
technology tomake renewable hydrogen using sunlight and anywater source (Hyper-
solar.com 2018) directly at or near the depot area, to make a self-sustained renew-
able zero-carbon hydrogen-powered urban transit combined with intelligent energy
management (Fig. 2).

Comparisons are followed by discussing the most critical issues concerning using
hydrogen, such as safety, infrastructure, and cost. Simulations are carried out firstly by
Opentrack©on sectionT1 (Fig. 3), and later the simulation output has been used as an
input for the OPEUS simulator, which is a result of the Shift2Rail funded research
project Modelling and strategies for the assessment and OPtimisation of Energy
Usage aspects of rail innovation (European Union’s Horizon 2020 research and

Fig. 1 Track layout
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Fig. 2 Energy-saving driving strategies (Energy demand level H: High, L: Low, VL: Very Low)

Fig. 3 Opentrack © simulated timetable of T1 section in the morning peak hour

innovation program 2019). OPEUS is aiming to develop a simulation methodology
and accompanying modelling tools to evaluate, improve, and optimize the energy
consumption of rail systems with a particular focus on in-vehicle innovation. The
OPEUS concept is basing on the need to understand and measure the energy used by
each of the relevant components of the rail system and, in particular, the vehicle. This
includes the energy losses in the traction chain, the use of technologies to reduce these,
and optimize energy consumption. Specifically, the OPEUS approach has three core
components: the energy simulation model, the energy use requirements (e.g. duty
cycles), and the energy use outlook and optimisation strategies recommendation.
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2 Hydrogen Potential Role

Electricity production is carbon-intensive and releases massive heat and noise at
local power plants, giving rise to negative impacts on the environment and human
health throughout its lifecycle, from resource extraction to electricity use. Impacts on
climate change, air, water quality, direct and indirect impacts on land resources, etc.
must also be considered. Furthermore, impacts stemming from electricity produc-
tion depend on fossil fuel employed, how to extract and process it, along with the
actual technology to produce electricity, and its efficiency. The use of abatement tech-
nologies must be considered, as well. Almost full decarbonization of the electricity
sector will be necessary to meet the EU’s objective of reducing greenhouse gas emis-
sions by 90% by 2050. Increasing electricity generation and use throughout Europe
without reforming the current energy system will lead to higher overall health and
environmental impacts. Nevertheless, an increase in the transport sector’s electricity
consumption might bring a positive modal shift towards rail transport or a higher
penetration of electric vehicles. The carbon intensity of total electricity generation
in the EU in 2016 was 296 g CO2/kWh. In 2013, the total emission from electricity
generationwas 1207million tons ofCO2, led byGermany (332Mt),UnitedKingdom
(163 Mt), and Italy (111 Mt). An increase in electricity consumption in the transport
sector (mainly railways) arose in countries such as France and Italy.

Instead, Hydrogen (Appleby and Foulkes 1989) (Stolten 2010) and Fuel Cell
technology (Hoogers 2003) (Larminie and Dicks 2003) can contribute significantly
towards reducing emissions and facilitating the necessary green energy transition in
EU regions and cities. The word hydrogen is a combination of two words in Greek,
to make water. The characteristics of hydrogen as an alternative to classic fuels are
listed below (Table 1).

Fuel cell technology usage can improve air quality and create positive health
impacts for local population, hence enhancing life quality. The fuel cell is an electric
cell that, unlike battery cells, can be continuously fedwith fuel (in this case hydrogen)
so that the electrical output can be maintained indefinitely. Therefore, a fuel cell
converts hydrogen through an electrochemical reaction with oxygen directly into
electricity and heat, which is the inverse of electrolysis (hydrogen generation):

2H2 + O2 → 2H2O + energy

Moreover, the fuel cell classification is based on fuel type (gas, solid, liquid), the
electrolyte used (liquid or solid) and fuel consumption (direct or indirect), operational
temperature, which is the most common criteria:

• Low temperature, operating from 20 to 100 °C (cold);
• Medium temperature, operating from 200 to 300 °C (hot);
• High temperature, operating from 600 to 1500 °C.
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Table 1 Hydrogen characteristic

Characteristics Unit Value

Density kg/m3 0.0838

Higher Heating Value (HHV)/liquid hydrogen (LH2) MJ/kg 141.90–119.90

HHV/cryogenic hydrogen gas (CGH2) MJ/m3 11.89–10.05

Boiling point K 20.41

Freezing point K 13.97

Density (liquid) kg/m3 70.8

Air diffusion coefficient cm2/s 0.61

Specific heat kJ/kg K 14.89

Ignition limits in air % (volume) 4–75

Ignition energy in the air Millijoule 0.02

Ignition temperature K 585.00

Flame temperature in air K 2318.00

Energy in explosion kJ/g TNT 58.823

Flame emissivity % 17–25

Stoichiometric mixture in air % 29.53

Air/fuel stoichiometry kg/kg 34.30/1

Burning speed cm/s 2.75

Power reserve factor – 1.00

Regarding the recent study, about 90 cities in the EU planned to invest about
1.8 billion euros in next five years to deploy different H2 transport modes and elec-
trolyzers for H2 production and power generation. This conversion will produce both
environmental and local economic effects.

For example, according to Unione Petrolifera, in 2017, Italy imported 15.9
million tons of refined petroleum products (Unione Petrolifera 2017). However,
the petroleum industry employs relatively few people; historical data shows that
1 million Euro of the value added in Italy’s petroleum sector created only 3.5 jobs in
2017, while hydrogen sectors are almost five times more labor-intensive. Overall, the
transition towards a low zero-carbon economy has a net positive impact on employ-
ment (19,225 additional jobs in 2030). Moreover, it will create opportunities for the
adaptation and transformation of workers. As another example, for the German state
of Baden-Württemberg FCV and H2 for green energy, the estimation is of an added
value of around 680 million Euro by the year 2030 (Roland Berger GmbH 2018).
The Hydrogen Council’s vision is to create generally around 30 million additional
jobs by 2050, making hydrogen a global energy carrier that could serve up to 18%
of global energy demand. Nonetheless, there are negative aspects and barriers to
overcome, some of which are:

• Hydrogen burns quickly in the presence of oxygen, that can cause operational
safety problems;
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Fig. 4 Advantages and barriers of hydrogen as an energy storage

• Storing hydrogen is not easy and also expensive because very low temperatures
are required to convert the hydrogen into liquid;

• The cost of hydrogen technologies and processes is high, and the energy conver-
sion technologies through fuel cells. Hence, the viability/cost ratio of hydrogen
and fuel cell technologies is relatively low;

• Finally, apart from the generation and storage, hydrogen distribution is also not
cheap, considering the current lack of logistics and transport infrastructure.

Figure 4 summarizes the positive and negative aspects of hydrogen (Momirlan
and Veziroglu 2005) (Veziroglu and Sahin 2008) (Iordache and Stefanescu 2010)
(Felseghi et al. 2019) schematically.

3 Fuel Cell Tram

• Fuel cells have achieved enough maturity to support the railway sector as they
are already on tracks in Germany and considered for operation in France and
the United Kingdom for inter-city trains. In urban areas, a fuel cell approach can
have the following characteristics and benefits, compared to overhead catenary
systems:

• Less expensive, due to much less infrastructure;
• Less impacting on urban area surroundings and operations;
• Visually more attractive, especially in old cities centers and tourist attractions;
• Extendable to additional locations without additional infrastructure;
• Operable independently, in power outage;
• Enabling other independently powered alternatives in future;
• Operating with zero local emissions and less pollution at electricity production

plants;
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• Best alternative for underground stations.

This approach, compared to the traditional Overhead Catenary System (OCS),
eliminates the need for the overhead wires, support poles, notching the existing
tunnels and electrical substations. Costs related to removing and trimming trees
and relocating existing electrical and telecommunication infrastructure would no
longer be existing or drastically lower. In the case study, it means eliminating 13
electrical substations, with a pitch of about 2 km each, providing power in two
electrical zones through 750 V power supply with one dedicated transformer in each
substation for auxiliaries. The estimated saving would be 30 million Euros (cost
of OCS infrastructure). Additionally, the catenary-free approach could make use of
abandoned existing tram tracks with reduced or no additional costs for technological
upgrades.

A Fuel-cell tram operates as long as stored hydrogen fuel is available during a
power outage. Integrations could be available from on-site hydrogen’s production
during periods of low electricity demand or emerging methods like solar hydrogen’s
generationwith pumped inwastewater and other solar-powered equipment to address
potential renewable energy sources to meet the power demand. Also, considering
Brescia’s geographical coordinates, the solar power production potential is 50.17
kwh/m2/year. With today’s commercial solar technology, an available depot area of
about 30,000 m2 can generate approximately 1.5 GWh of electricity, which could
run green hydrogen production with zero CO2 emissions (Fig. 5).

In addition to the main one, two more planned train depots are located in Fiera
and Pendolina areas (Fig. 6). Each building contains a three-track tramway and some
rooms of service. Each garage is approximately 1900m2, another likely future source
of renewable electricity generation, thanks to high-efficiency solar panels located on
the roofs.

Moreover, a Fuel-cell approach would be an excellent alternative for underground
metro stations. As such, the mass concentration of airborne Particulate Matter (PM)
underground usually is significantly greater than the outside environment, mainly
influenced by specific source materials and generation methods: wear of wheels and
brakes, as well as arcing of electrical current between catenary and third rail and
the corresponding collecting equipment (Loxham and Nieuwenhuijsen 2019). As
a result, PM generated in underground railway systems tends to be rich in metals,
especially Fe, but also Cr, Ni, Co, Mn, and Cd.

4 Powertrain Technology

By early 2018, the Alstom Coradia iLint fuel cell entered service on a 100 km route
in Germany. This train has a maximum velocity of 140 km/h, a range between 800
and 1000 km, and a capacity of 150 sitting or 300 standing passengers.

In Brescia, an urban light fuel-cell tram would meet these requirements. On line
T1 (Pendolina-Tangenziale Fiera) with a length of 11.4 km, 23 stops, 143 trips per
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Fig. 5 Functional layout of the main deposit featuring renewable electricity generation—color
legend

Fig. 6 Second and third depot area—Pendolina and Fiera
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Fig. 7 Cumulative energy consumption of a single run on studied line

day on both directions in the most critical scenario, 5 units are running with expected
range of 350 km a day each and max speed of 50 km/h (Fig. 7).

The consumed energy for a single run is 71 kWh (Fig. 8), considering total trips
and the number of operating units. Each tram should be capable of storing at least
2350 kWh per day. The detailed simulated output is in Table 2.

The energy consumption of rail transportmainly depends on rolling stock features,
stop spacing, and track profile. The local trains are heavier, but they stop less
frequently than the trams. The higher stop density includes more accelerations and
braking than longer stop spacing (Fig. 9). HyPMHD30 (33 kW) with efficiency map
and technical data (Table 1) is the considered fuel cell component on the catenary-free
tram (Table 3).

Battery and super-capacitors together are providing enough energy and power for
traction and auxiliaries. On the other side, fuel cells and recovered braking energy
(about 6.8 kWh) (Fig. 10) charge the battery with a steady trend, and without a
sudden variation in output. By providing a balanced state of charge on our single
branch battery, we need 11 fuel cells onboard. Hydrogen consumption of simulated
tram is 0.3 kg/km and approximately 3.3 kg for one run.

Carrying hydrogen enough for a daywould requiremassive hydrogen tanks,which
wouldmake the tram too heavy andwill affect the autonomy.Hence a refuel approach
of fewer than 15 min at terminus after each cycle is a promising solution. Therefore,
10 kg of hydrogen compressed to 350 bar can be stored, preferably in dual tanks for
longer charging lifecycle and reliability with a total weight of 80 kg and a volume of
120 l each. Tanks are on the top and provide mechanical safety valves, which let the
tram to release H2 into atmosphere in case of high temperatures. Furthermore, they
can indicate any leaking in the system.

In Fig. 11, the suggested hybrid propulsion system, with a combination of super-
capacitors, batteries (B), and fuel cell (FC). A real-life application is in Fig. 12. The
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Table 2 OPEUS energy simulation output

Station Travel
time
(s)

Stop
time
(s)

Distanc
e (m)

Traction
energy at
the wheel
(kWh)

Total
braking
energy
at the
wheel
(kWh)

ED-braking
energy at
the wheel
(kWh)

Traction
energy at
the
catenary
(kWh)

Recuperate
d energy at
the
catenary
(kWh)

TAN 0 0 0 0.000 0.000 0.000 0.000 0.000

CHI 108 65 1170.2 1.569 0.824 0.824 5.500 0.522

ORZ 57 35 436.6 0.870 0.507 0.507 2.958 0.284

DAL 46 34 301.8 0.501 0.427 0.427 2.280 0.229

PIL 81 41 780.8 1.215 0.719 0.719 3.992 0.440

COR 83 42 823.9 1.392 0.769 0.769 4.255 0.480

REP 49 34 330.5 0.703 0.271 0.271 2.606 0.121

STA 52 33 345.9 0.328 0.738 0.738 2.156 0.458

PAL 46 35 304.4 0.491 0.478 0.478 2.287 0.267

RIN 52 53 391.6 0.860 0.585 0.585 3.229 0.342

ZAN 56 35 421.5 0.863 0.475 0.475 2.938 0.265

MAZ 37 33 212.4 0.727 0.162 0.162 2.369 0.056

FOS 67 54 654.2 2.137 0.427 0.427 5.043 0.226

SAN 46 32 296.8 0.902 0.234 0.234 2.737 0.098

DAV 53 34 376.6 0.489 0.639 0.639 2.395 0.383

VOL 53 34 365.6 0.483 0.573 0.573 2.395 0.334

VOL 1 47 33 308.9 0.341 0.504 0.504 2.087 0.286

FIU 77 35 717.3 1.217 0.653 0.653 3.784 0.392

COL 76 36 702.1 1.024 0.773 0.773 3.549 0.483

TOR 71 55 638.2 1.035 0.623 0.623 3.894 0.372

URA 57 34 460.7 1.248 0.393 0.393 3.384 0.203

RIS 64 34 549.9 1.244 0.499 0.499 3.517 0.277

PEN 81 30 783.9 1.810 0.450 0.450 4.455 0.244

Table 3 Parameters of HyPM HD30 (33 kW) Fuel Cell (cold)

Performances parameters Unit Value

Rated (Max continuous) power kW 30 (33)

Dimensions (L × W × H) mm 950 × 1630 × 265

Mass kg ≤ 70

Gravimetric power density Operating current operating voltage
Peak efficiency
Stack operating pressure

kW/kg
Adc
Vdc
%LHV
kPa

0.5
0–500
60–120
55
< 120
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Fig. 8 Fuel-cell component efficiency map

Fig. 9 Speed-time and acceleration-time diagrams of a single run on studied line

energy management system in a hybrid powertrain enables the amount of needed
power from each energy source to achieve high efficiencies, high performance, and
low consumption and take advantage of the components’ features. Batteries have
high specific energy and super-capacitors high specific power (B). Moreover, Sc
provides energy for more charge/discharge cycles. In high demand for energy, Sc
and B provide enough power and energy to supply traction motors (Fig. 2). In low
and very low energy demand phases recovered energy and surplus provided by the
Fc with steady trend and no sudden output variation, charge B and Sc in cycles. The
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Fig. 10 Energy recuperation in braking of a single run on studied line

Fig. 11 Schematic demonstration of conceptual simulated hybrid fuel-cell tram
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Fig. 12 Real-world application of hydrogen tanks on top (a bus in London)

state of charge of the battery is kept constant by the energy from the fuel cell. Only
hydrogen is consumed. This mode is ideal for steady cruising over long distances.

5 Conclusions

The paper discusses new ideas for an integrated hydrogen approach in guided urban
transport systems by considering the Brescia tram project as a case study to compare
fuel cells with the traditional catenary-based system. Generally, a transition from
pollutant electricity generation towards hydrogen and fuel cell technologies would
have direct and indirect benefits.

Direct benefits are zero local pollutants, reduced noise level, zero CO2 emis-
sions, and increased use of renewable energies. Moreover, this approach would be
an excellent alternative for underground, enclosed stations.

Indirect benefits would be boosting research and innovation, attracting new busi-
nesses, creating new jobs, attracting a skilled workforce, boosting local tourism,
improving image as a green city, and increasing life quality.
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Moreover, the Hydrogen approach is entirely in line with the EU energy road map
for 2050, reducing emissions by at least 80% from their 1990s level, improving both
energy supply security, and the flexibility of energy systems and infrastructure.

References

Alstom (2018) Coradia iLint—the world’s 1st hydrogen powered train. https://www.alstom.com/
coradia-ilint-worlds-1st-hydrogen-powered-train

Appleby AJ, Foulkes FR (1989) Fuel Cell Handbook. Van Nostrand, New York, USA
EC (2016a) The implementation of the 2011 White Paper on Transport “Roadmap to a Single
European Transport Area—towards a competitive and resource-efficient transport system” five
years after its publication: achievements and challenges (Working document). SWD (2016)
226 final. https://ec.europa.eu/transport/sites/transport/files/themes/strategies/doc/2011_white_p
aper/swd%282016%29226.pdf

EC (2016b) Clean energy for all Europeans (Communication).COM (2016) 860 final. http://eurlex.
europa.eu/resource.html?uri=cellar:fa6ea15b-b7b0-11e6-9e3c-01aa75ed71a1.0001.02/DOC_
1&format=PDF

EC (2016c) A European strategy for low-emission mobility (Communication).COM (2016)
501 final. http://eurlex.europa.eu/resource.html?uri=cellar:e44d3c21-531e-11e6-89bd-01aa75
ed71a1.0002.02/DOC_1&format=PDF

European Environment Agency (2016) Overview of electricity production and use in Europe.
Council Decision (EU) 2016/1841 of 5 October 2016 on the conclusion of the Paris Agreement
adopted under the United Nations Framework

European Union’s Horizon 2020 research and innovation programme (2019) - Agreement n. 730827
(2019) OPEUS project. http://opeus-project.eu/

Felseghi R, Carcadea E, Raboaca M, Trufin C, Filote C (2019) Hydrogen fuel cell technology for
the sustainable future of stationary applications. Energies 12(23):4593

Hoogers G (2003) Fuel cell technology handbook CRC Press: Boca Raton. FL, USA
Hypersolar.com (2018) HyperSolar solutions. http://www.hypersolar.com/solutions.php
International Railway Journal (2018) CRRC Tangshan trials new hydrogen-fueled tram. https://
www.railjournal.com/passenger/light-rail/crrc-tangshan-trials-new-hydrogen-fueled-tram/

Iordache I, ¸Stefanescu I (2010) Tehnici Avansate De Tratare a Apei ¸ Si Separare a Hidrogenului
(Advanced Techniques forWater Treatment andHydrogen Separation); Editura AGIR: Bucuresti,
Romania

Larminie J, Dicks A (2003) Fuel cell systems explained, 2nd edn. Wiley, New York, USA
Loxham M, Nieuwenhuijsen MJ (2019) Health effects of particulate matter air pollution in
underground railway systems—a critical review of the evidence. Part Fiber Toxicol 16(1)

Momirlan M, Veziroglu TN (2005) The properties of hydrogen as fuel tomorrow in sustainable
energy system for a cleaner planet. Int J Hydrogen Energy 30:795–802

National Health Service (2018) UK Progress on reducing F-gas Emissions Fifth Report of Session
2017–19 Report, together with formal minutes relating to the report by authority of the House of
Commons. https://publications.parliament.uk/pa/cm201719/cmselect/cmenvaud/469/469.pdf

OCDE-IEA (2018) Global energy and CO2 status report
Roland Berger GmbH (2018) Fuel cells and hydrogen for green energy in European Cities and
Regions. Munich Germany

Stolten D (2010) Hydrogen and fuel cells, fundamentals, technologies and applications (hydrogen
energy). Wiley-VCH GmbH & Co. KgaA: Weinheim, Germany

UITP (2016) Statistics Brief: Local Public Transport in the European Union http://www.mobiuitp.
org/PermaLinkRecord.htm?archive=164530298271&file=UITP_Statistics_PT_in_EU_DEF_
print+.pdf

https://www.alstom.com/coradia-ilint-worlds-1st-hydrogen-powered-train
https://ec.europa.eu/transport/sites/transport/files/themes/strategies/doc/2011_white_paper/swd%25282016%2529226.pdf
http://eurlex.europa.eu/resource.html%3Furi%3Dcellar:fa6ea15b-b7b0-11e6-9e3c-01aa75ed71a1.0001.02/DOC_1%26format%3DPDF
http://eurlex.europa.eu/resource.html%3Furi%3Dcellar:e44d3c21-531e-11e6-89bd-01aa75ed71a1.0002.02/DOC_1%26format%3DPDF
http://opeus-project.eu/
http://www.hypersolar.com/solutions.php
https://www.railjournal.com/passenger/light-rail/crrc-tangshan-trials-new-hydrogen-fueled-tram/
https://publications.parliament.uk/pa/cm201719/cmselect/cmenvaud/469/469.pdf
http://www.mobiuitp.org/PermaLinkRecord.htm%3Farchive%3D164530298271%26file%3DUITP_Statistics_PT_in_EU_DEF_print%2B.pdf


Energy and Emissions Saving in Urban Guided … 17

Unione Petrolifera (2017) Annual Report, Italy
VezirogluTN,SahinS (2008) 21stCentury’s energy:Hydrogen energy system. J. EnergyConversion
Management 49:1820–1831

Yoshida T, Kojima K (2015) Toyota MIRAI fuel cell vehicle and progress toward a future hydrogen
society. https://www.electrochem.org/dl/interface/sum/sum15/sum15_p45_49.pdf

https://www.electrochem.org/dl/interface/sum/sum15/sum15_p45_49.pdf


Rail Station Boarding Systems
for Persons with Reduced Mobility
(PRMs)

Emmanuel Matsika and Ning Guo

Abstract In modern times, trains have become one of the most popular modes of
transportation. However, there are still many problems to be solved, one of which is
the gap issues between the platform and vehicle. Since the construction of the railway,
the gap between the platform and the vehicle has been regarded as the main cause of
fatality andweighted injury risk in the railway station. This project firstly investigates
different solutions used all over the world that enable persons with reduced mobility
(PRMs) to board independently. It applies mechanical engineering design principles,
with strong input from primary and secondary data collected about the needs and
preferences of PRMs. Finally, it then develops solutions of gap issues to reduce train
dwell time, improve crowd flow and overall safety. An evaluation is conducted to
select the most appropriate solution.

Keywords Rail stations · Passengers · Passenger trains · Reduced mobility ·
Platform design · Boarding systems

1 Introduction

Major railways now carry 16 billion passengers almost every year. On each trip,
passengers must cross at least twice between the platform and the train—once on
board and once off. Although the number of accidents that occur at the PTI is low,
21% of passenger weighted injuries risk and 48% of passenger fatality risk occurs
at the PTI (RSSB 2015). In addition to safety, platform design should also consider
cost, capacity, performance, perception, accessibility, and so on.

A station platform is an important part of railway system. It is located next to
the rail tracks and is used for passengers to wait and get on and off the train. The
platform should be designed tomake passengers comfortable, safe and be convenient
for waiting, such as providing seating space. However, in the actual use process,
passengers often feel unsafe, which is mainly due to the design restrictions of trains
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and platforms at the passenger train interface (PTI). In most cases this is due to the
large horizontal and vertical gaps between the vehicle and the platform. Although
this affects the general travailing public, the most adversely affected are persons
with reduced mobility (PRMs). Table 1 demonstrates the horizontal and vertical
gaps between the platform and vehicle (Fig. 1).

EU regulations require that public transport systems should be accessible for all
people, especially those with impaired mobility. PRMs are not only persons with
disabilities, but also many other people with reduced mobility, such as the elderly,
pregnant women, travelers carrying large luggage and people pushing strollers. By
this definition, a study found that about 50% of passengers in a typical EU city can be
classified as PRMs (Lemmerer et al. 2018). Therefore, the gap between the platform
and the train represents a big problem for the railway system.

The horizontal gap represents the distance from the vertical edge of the platform to
the side surface of the train entrance.On the other hand, the vertical gap is the distance
from the horizontal edge of the platform to the upper surface of the train entrance. The
RailwayVehicleAccessibility Regulations 2010, Part 1.1.2 states that, forwheelchair
autonomous access, the vertical gap should not exceed 50 mm and the horizontal
gap should not exceed 75 mm. Table 1 shows the most important specialised and
operational requirements that must be taken into account when designing train on-
board and off-board gap fillers.

Table 1 Specialized and
operational requirements
(Rüger et al. 2010)

Requirements Limits

Total Duration for use <2 min

Platform width >130 cm

Accessible door width >=80 cm

Vertical gap <110 cm

Capacity Max. 350 kg

Gap between 
train step and 
station platform 

Fig. 1 Horizontal and vertical gaps. Source Emmanuel Matsika, author
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Fig. 2 Average platform height and offset (Rüger et al. 2010)

The challenge is that, during the years of railway expansion, themain railway lines
were built at different times by different companies using different design standards.
Therefore, most railway infrastructure today, including platforms, are not in line
with current railway standards. For example, Fig. 2 shows the average platform
height and average platform offset. Only about 30% of existing stations meet the
height standard, and 22% meet the offset criteria. Even worse, only 7% of stations
meet both the height and offset criteria (RSSB 2015).

2 Background

2.1 Current PTI Conditions

This section explains some of the challenges that passengers face at the PTI.

2.1.1 Standard Platform Dimensions

Figure 3 shows platform dimensions which exist in Europe. The common guidelines
inside the Europe Union states is 550mm and 760mm. Numerous trains, particularly
regional trains, have a floor height of around 550 mm. This allows for level boarding.
Moreover, double deck vehicles offer level boarding for those platforms. They can
likewise be utilised for long InterCity-movement. Typically, the platform height for
highspeed trains is 760 mm. Some of high speed vehicles have lower floor, much the
same as the TGV or Spanish Talgo-trains. Indeed, there are many difference platform
designs and dimensions in Europe, which gives rise to majority of the challenges for
trains and passenger boarding.
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Fig. 3 Different platform heights in Europe (Helmut-Franz et al. 2010)

2.1.2 Challenges for Passengers When Boarding and Alighting

The PTI presents a major safety challenge for both the general public and PRMs.
Potentially, they may fall in the gap between the platform and the train. This is
particularly prominent for wheelchair users and the blind.

2.2 The Gap Between Platform and Train

In most cases, there is a vertical (step) and horizontal (gap) between the vehicle and
station platform. This can be inevitable, especially on curved platforms, and those
served by trains with a wide range of floor/step heights. The gap is required to permit
for horizontal movement of the train as it passes through the station.

In Europe, over 30,000 rail stations have a gap problem (EC FAIR Stations 2020).
Only a small proportion have step free access, as outlined in legislation (not exceeding
75 mm horizontal and 50 mm vertical gaps). Among the countries with the biggest
problem is theUK,where bringing its 2500 stationswith 6000 platforms up to current
standards in one go would be prohibitively expensive (Shirres 2019). This applies
to the rest of Europe. Where necessary boarding aids are used to improve the PTI
safety (Matsika et al. 2013).

2.3 Stepping Distance

Many elderly and disabled passengers are able to manage a normal step. However, at
several platforms the step and/or the gap between the platform and therefore the train
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is incredibly large. This issue affects all passengers and additionally has a bearing
on train dwell times and safety.

2.3.1 Platform Design and Layout

Many platforms serve different types and lengths of trains. However, there is no
standard way of informing passengers the location of the doors when the train stops
at the platform. Studies have shown that the greatest problem faced by rail passengers
is lack of or ineffective information and signage (Lemmerer et al. 2018). The search
for the correct doors sometimes leads to unsafe crowd flows around and across the
PTI. Some trains are longer than the platforms. This creates several problems (e.g.
wherever wheelchair-accessible doorways are located at the top of the platform, or
wherever passengers need to walk down the train to access safe doorways).

3 Review of Rail Passenger Boarding Systems

To improve the safety on the PTI, various solutions have been developed. The overall
aim of each solution is to compensate for the height and/or horizontal distance differ-
ential between the rail vehicle and station platform. Solutions to close the gapbetween
the vehicle and the platform are categorised as ‘platform’ or ‘vehicle’ based. In some
cases, the optimum resolution is also a mix of strategies like raising the platform
associated with an extendible train footstep.

A further differentiation is the use of ‘fixed’ and ‘active’ systems. Fixed gap
fillers do not move once installed (for instance physical alterations to the platform
edge). Active solutions can move, either purely mechanically or automated. Exam-
ples include deployable footsteps or platform edge solutions that may actively extend
once a train is in position. The following sections review platform-basedmostly solu-
tions, incorporating platform edge devices and track alterations, and followed by train
mounted solutions.

3.1 Platform-Based Systems

3.1.1 Fixed Gap Filler

Fixed gap fillers join directly to the platform edge and have been deployed in many
places globally. These gadgets run from essential hard-edged fixings that decrease
the inclination of the platform edge without needing major infrastructure works, to
novel rubberised gadgets that are designed to resist contact with rolling stock. Some
of these products are described below.
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1. Delkor Rail

Delkor Rail makes equipment that fills the PTI gap using plastic edges as shown
in Fig. 4, used on the Heathrow Express Terminal 5. This was viewed as a success
(HEX 2016), and there are plans to utilize it at other platforms at Heathrow airport.
It has been applied internationally too (Delkor Rail 2015). This design and those
comparable in nature can be fitted to any platform edge, on both straight and curved
track sections. The adequacy of gap closure reduces as radius of curvature reduces.

At some sections, the design has been combined with a platform hump to aide
level boarding as shown in Fig. 5.

Heathrow Express found that fitting the gap filler reduced PTI safety incidents at
Terminal 5 from 15 to zero per year (HEX 2016).

Fig. 4 Delkor Rail gap filler
(Delkor Rail 2015)

Fig. 5 Combined hump and gap filler arrangement (HEX 2016)
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2. Pipex px gap filler

Pipexpxhave created afiller that provides level accesswith negligible gapbetween
the platform edge and the rail vehicle floor (Pipex 2015). The device is shown in
Fig. 6. The material utilised is ‘Treadmaster’ TM7 vulcanised floor covering which
offers a high degree of horizontal adaptability while remaining firm for stack bearing
by passengers crossing the PTI gap. Pipex px have utilized 3D laser technology to
examine platform conditions which helps with the positioning and installation of the
gap filler.

3. Platform edge device
(1) Safety gap filler for railway platforms

This development provides a gap filler that creates a variable PTI gap (see Figs. 7
and 8) (Lee 2006).

This innovation overcomes the drawback of commercially accessible PTI gap
fillers. The inclined spacefiller diminishes the frictional constrain between the vehicle

Fig. 6 Pipex px gap filler (Pipex 2015)

Fig. 7 Gap filler (Lee 2006)
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Fig. 8 Friction reduction
(Lee 2006)

and device. It guarantees more weight-transfer limit per unit length than standard
gap fillers of similar materials. It is simple to install (Lee 2006).

(2) CDM Flexibord

The ‘CDM Flexibord’ can be fitted directly to the platform edge. Compared with
Delkor Rail and Pipex px devices, it has high vertical rigidity, but lower horizontal
rigidity to be able to take impacts from rolling stock. It can be fitted along the
complete length of the rail stage (Fig. 9).

(3) STRAIL edge

STRAIL has designed an elastic gap filler ‘STRAIL edge’ (Fig. 10). It can be
fitted to the edge of existing platforms and has already been installed at tramways
in various areas in France (STRAIL 2016). The advantages of this solution are:

Fig. 9 CDM Flexibord (CDM 2015)
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Fig. 10 STRAIL edge (STRAIL 2016)

individually adjusted to passengers’ requirements; Gap-free boarding and alighting;
anti-slip and durable cover; quick and easy installation, and the special fastening
provides stability and durability.

(4) Corrugated platform edge

The BRT in Cali, Colombia, utilises an innovative layered platform edge with
wavy material. The photographs in Fig. 11 give a closer perspective of the material
being utilised byMetroCali, the operators of the network. There is still need to assess
the extent of wear and tear on the folded edge, as this may become a problem over
time (Rickert 2010).

4. Raised platform

Raising a platform to improve level access boarding can have the extra impact of
decreasing PTI gap. Humps of up to 1100 mm length are utilised at a few platforms

Fig. 11 Corrugated platform edge (Rickert 2010)
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Fig. 12 Platform level
access hump (Pipx px 2019)

in the UK. However, this may be risky if rolling stock with difference floor heights
use the platform.

Platform Level Access hump
Pipex px have developed a pre-fabricated platform framework which aims to

diminish the vertical gap between the platform surface and train step or floor (Pipex
px 2019; Pipex px 2015; Network Rail 2015). The design, known as the ‘Platform
Level AccessHUMP’ (PLA-HUMP), can be built off-site to a bespoke plan. Platform
humps are mounted to the surface of the platform (Fig. 12). The platform itself does
not present any limitations to installation of the hump.

5. Railway platform gap filler

This is a device that dynamically fills the gap between the edge of the platform and
the train. It includes several flexible sheet members that are mounted on the vertical
edges of the platform and oriented toward the track (Fig. 13). Their top edges are
aligned with the top surface of the platform. When the train is in the station, the
flexible gap-filling members in the device dynamically flex as the train contacts.
These curved components may be a single uniform unit or may be made up of two
parts joined by an elastic material.

Depending on the choice of material and length, the device can be sufficiently
curved to carry theweight of the passengers and increase the comfort of the passenger
as they step over (Muller 1998).

6. CACOLAC
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Fig. 13 Platform gap filler (Muller 1998)

Fig. 14 CACOLAC (ClearSy 2007)

This is a device designed for PRMs. Keeping in mind the end goal to achieve
this, it applies an intelligent control system. The platform is controlled by seven
laser, infra-red and radar sensors, which measure specifically the distance between
the vehicle and the stage as shown in Fig. 14 (ClearSy 2007).

3.1.2 Active Gap Fillers

Active platform gap fillers automatically extend from the platform edge upon the
arrival of the train are being applied at several accessible stations. The system is
active for the most part of the period of boarding and landing.

1. Bigorre Ingenierie device
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Bigorre Ingenierie designed a dynamic gap filler for the Paris Public Transport
Authority, which fills the PTI gap, utilising mobile steps (Fig. 15). The platform
gap filler slides outwards on a straight bearing to close the gap. The RATP BI gap
filler was trialed at first in 2007 at the Put d’Italie station in Paris. It has since been
introduced at the Noisy le Grand station, and furthermore five installations are set
up on the Orleans tramway.

2. Gap-Bridging Device for Train Platforms

This system is based on bridging devices. It is composed of a guide rail, a belt, a
pulley, a motor and a bridging plate. The guide rail is designed as a ball linear guide
or a roller linear guide so that the bridging plate can move on the guide rail (Fig. 16).
It is then mounted on the station platform. The belt and the pulley are driven by the
power of the motor to move the bridge plate outwards and gradually extend on the
guide rail.

Fig. 15 Bigorre Ingenierie device (Bigorre Ingenierie 2016)

Fig.16 Structure of the gap-bridging system (Winkelmann and Hug 2010)
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The problem with this system is that it can only solve the problem of horizontal
gaps and cannot effectively reduce vertical gaps and takes much time to deploy
(Winkelmann and Hug 2010).

3. Platform edge extender

In some curved stations, a movable platform is generally used to reduce the gap.
This technology has been implemented at several railway stations. When the train
stops at the platform, the movable platform extends from the edge of the platform to
the train compartment as shown in Fig. 17.

4. Platform edge warning ramp

This is basically a horizontal station platform, as shown in Fig. 18. It is a fixed
tilting platform mounted on the edge of the station platform and includes a platform
surface, platform edges, and a means for alerting personnel to keep a safe distance.
The sloping surface extends a portion of the edge of the platform to a specified

Fig. 17 HongKong Station.
Source http://en.wikipedia.
org/wiki/Platform_gap_filler

Fig. 18 a perspective view of the warning platform b cross-sectional view of the warning platform
(Hanrahan et al. 1995)

http://en.wikipedia.org/wiki/Platform_gap_filler
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distance. It can be raised or lowered by bolts to facilitate adjustment of different
vertical and horizontal gaps.

The benefit of this warning device is that it can improve the safety of passengers.
Especially for passengers with visual impairments, the surface of the platform has
different thicknesses, they can check their position according to different footsteps
or different sounds of the feet hitting the surface of the platform. However, there are
inherent delays in the operation of the system (Hanrahan et al. 1995).

5. Step apparatus for platform

This platform-based device includes steps, rotating mechanisms and sensors
(Fig. 19). The steps are placed on the platform and rotated horizontally to fill the
gap between the platform and vehicle. One end of the arm is connected to the step
and the other end is connected to the driving portion of the rotating mechanism, so
that the step can be moved to a predetermined extended position. The tolerances on
dimensions and form of the step can be changed to suit different trains. A sensor
is used to detect the position of the train to respond accordingly (Yamaguchi et al.
2001).

6. Device for reducing gaps

Fig. 19 Step apparatus for
platform (Yamaguchi et al.
2001)
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Fig. 20 Automatic gap filler (Vincent-Genod 2003)

This is an automatic device that reduces the PTI gap. It consists of horizontal rows
of parallel elastic blades. The ends of these blades are rigidly fixed to the platform and
thus have an elastic bending stiffness in the vertical direction. Each blade is in turn
made of an elastomeric material, including one or more inserts that are resistant to
bending (Fig. 20). The bending resistance in the vertical direction is made larger than
the horizontal direction. As the train approaches the station, the induction and control
framework determine the amount of bending required to fill the gap and controls the
blade to bend to the desired position. A control system can detect vehicle position
and control the door operation (Vincent-Genod 2003).

7. Retractable station platform extension

This is a device that can rotate the edge of the telescopic platform (Fig. 21). It
has a fixed platform with an upper surface. An extension of this platform can be
connected to the station. There is also at least one rotating member that connects
the rotating part to the pivot pin of the fixed platform. The pivot pin, pivot member
and platform are interconnected, and the extension of the platform is rotatable about
the pivot pin due to the action of the pivot pin and the pivot member such that the
extension can be moved. When the train arrives at the platform, there is a sensor that
can detect the train and signal the control system and then move the extension of the
platform down by manual or electric operation to fill the PTI gap (Klohn 1996).

8. Removable platform edge

Collapsible edges likewise are being used t0 give safe boarding of passengers.
The mobile platform edge is associated with a pivot bolster (See Fig. 22).

9. Manual ramp

Manual ramps are for the most part the best and least costly boarding systems.
They are operated by station or train staff. When there are passengers in need, the
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Fig. 21 Top view of retractable platform (Klohn 1996)

Fig. 22 Removable platform edge

ramp will be deployed to form a long incline to connect the train and platform for
passengers to get on and off. Figure 23 shows the use of manual ramp.
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Fig. 23 Platform-based manual ramp. Source Bernhard Rüger, Vienna University of Technology

3.1.3 Gauntlet (Multiple) Track

This is when a track uses a switch system in a multiple track section to move the train
closer to the platform, thereby closing the PTI gap (Atkins 2004), as illustrated in
Fig. 24. The benefits of such an arrangement are more prominent on straight track,
rather than on curves.

Fig. 24 Gauntlet Track at Station in Portland, OR (Kirse 2010)
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Fig. 25 Platform-based elevators (Access lifts 2020)

3.1.4 The Platform-Based Lift

These lifts are operated by station staff and are manually pushed on the platform to
the vehicle doorway. Comparable to manual ramps, these elevators need ergonomic
arrangement, not only for use by wheelchair users, but also the staff operators.
Figure 25 shows an illustration of platform-based lifts.

3.2 Vehicle-Based Systems

3.2.1 Footsteps

The footstep system has been fitted on mainline vehicles worldwide for metro
vehicles in cities such as London, Lyon, Vienna and Nuremberg.

1. Pendolino footstep

The main application in the UK are the Class 390 ‘Pendolino’ (Fig. 26) and Class
373 ‘Eurostar’.

2. Stadler deployable footstep

Stadler is one of the train manufacturers that fit deployable steps to their vehicles
(Fig. 27). The system employs ultrasonic sensors.

3. Interchangeable step

This arrangement, proposed by Morlok (2001), carters for the filling of vertical
and horizontal gaps on both low and high-level platforms. The step can be pivoted
about the hub A–A to give access for various platform heights (Fig. 28).



Rail Station Boarding Systems for Persons … 37

Fig. 26 Pendolino door step. Source https://www.youtube.com/watch?v=-lDvUcD33h8

Fig. 27 Stadler deployable footstep (Rail Insider 2020)

Fig. 28 Interchangeable step, a low level platform b high level platform (Morlok 2001)

https://www.youtube.com/watch%3Fv%3D-lDvUcD33h8


38 E. Matsika and N. Guo

Fig. 29 Bright line train door ramp (Mass Transit 2016)

3.2.2 Automated Ramps

Installation of ramps at doorways of rail vehicles usually completely closes gap. This
is particularly advantageous for wheelchair users as there is no ridge for the wheels
to overcome.

1. Brightline train door ramp

A retractable gap filler is utilised on Florida’s ‘Brightline’ trains (Fig. 29). This
was designed in conjunction with Siemens and Bode. The slope rises to 300 mm
rotating to meet the platform edge (Mass Transit 2016).

2. Glidelok ramp

Kevin Fullerton is a designer who submitted the Glidelok ramp for New Trend-
setters in 2005. The multi-plate ramp in Fig. 30 deploys and locates the platform
level. Safety features are incorporated in the actuation system using sensors.

3. Train-to-platform gap mitigator

The system includes diverse gap filling mechanisms between vehicle door and
rail station platform. It consists of several plates and controllers (Fig. 31). When the
train arrives at the platform, based on the platform information and data provided by
the sensors, the PC program will decide the required gap filling technique, and then
the plate will extend from below the rail vehicle vestibule floor to fill the gap. It can
handle different station conditions and various changes in level and perpendicular
clearances on curved tracks (Chisena 2007).

3.2.3 Manual Ramps

Vehicle-based manual ramps have storage on board. When the train arrives at a
platform, staff fit the ends to the entrance floor using a pin and hole securement
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Fig. 30 Glidelok ramp (Fullerton 2005)

Fig. 31 Train-to-platform
gap mitigator (Chisena 2007)
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Fig. 32 Vehicle-based manual ramp. Source Emmanuel Matsika, Author

(Fig. 32). The greatest advantage of manual ramps (vehicle-based or platform-based)
is that passengers, other than PRMs, prefer using them. They automatically offer
different angles of inclination (Devadoss et al. 2012).

3.2.4 Vehicle-Based Lift

These comprise lift mechanisms that are fitted to the vehicle (see example in Fig. 33).
When the train arrives at a station, this is deployed, operated by the train staff. These

Fig. 33 Vehicle-based lift in some countries (Palfinger 2020)
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tend to have a vertical operation of up to 1100 mm, which is much higher than
platform-based ones.

3.3 Summary of Rail Passenger Boarding Solutions

The horizontal and vertical gap between the platform and vehicle is influenced by
many factors. Sections 3.1 and 3.2 discussed various designs and innovations that
have been developed to resolve safety concerns at the PTI. Most of the solutions
aim to cover the horizontal gap, when really, the vertical gap poses injury potential
too. As shown in Figs. 34 and 35 the designs can either be platform-based or vehicle
based, respectively.

3.3.1 Platform-Based Systems

Platform-based designs vary from significant platform adjustment to simply as a
device on the platform. They are divided into fixed ormovable devices. Fixed designs
are for the most part flexibly used to partially or fully fill the PTI gap. This sort of
arrangement can be utilised both for straight and curved platforms. Their advantages
are:

• Minimal vehicle service delay during installation.

Fig. 34 Platform-based solutions

Fig. 35 Vehicle-based solutions
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• Less installation and maintenance costs.
• No significant platform alterations are required

The disadvantages of fixed solutions are:

• More detailed need to match user needs.
• Difficulties in addressing the vertical gap.
• Abrasion because of device-vehicle contact.

Active or moveable systems utilise sensors to detect the location of vehicle
doorway in reference to the platformand adjust their device to the predefinedposition.
Like fixed designs, moveable systems are not suitable for vertical gaps. Their main
advantage is application of sensors to improve the accuracy of the device operation,
and reliability. Disadvantages include delays in vehicle service because the detecting
parts principally actuate once the vehicle stops; costly installation and maintenance;
and requires significant platform alterations.

3.3.2 Vehicle-Based System

These systems can be fixed, or moveable (operated manually or semi-automated).
Some of them are suitable for compensating both horizontal and vertical gaps. Most
of the vehicle-based designs are intended for horizontal (flat) applications, while a
few deploy step type gap fillers.

Fixed designs have the following advantages:

• Minimal vehicle service delay during installation.
• Less installation and maintenance costs.
• No significant platform alterations are required.

Their disadvantages are:

• Limitations in dimensions to suit the vehicle space
• Difficulties in meeting the dual aim of filling the horizontal and vertical gaps.
• Prone to wear and tear because of physical contact with the train.

Moveable designs utilise sensors to detect moment and location to deploy the
gap filler. The advantages of these designs are their suitability for horizontal/vertical
gaps. Disadvantages include delays in vehicle service, and costly installation and
maintenance.

4 Evaluation of Rail Passenger Boarding Solutions

Considering so many options to pick from, this section provides a guide to selection
of the gap filling solution thatmeets some pre-determined criteria. An essential expert
subjective investigationwas performedwithin this scientific project. The expert group



Rail Station Boarding Systems for Persons … 43

Fig. 36 Factors used for the evaluation criterion

consisted of 10 mobility researchers and transport operators. Subjective evaluation
is outlined as an emotional judgment supported non-quantifiable data. For the eval-
uation criterion, four factors were considered namely cost, applicability, operation,
and implementation. This is further sub-divided as shown in Fig. 36.

4.1 Factors for Evaluation

4.1.1 Cost

Cost is a critical component in choosing an ideal solution. In this case, the following
cost components are considered:

• Equipment: this refers to the actual initial cost of the device and associated
components.

• Operation: these are costs associated with the exploitation of the system. Utilising
electric and control systems is thought to increase costs compared with fixed and
mechanical installations.

• Construction: From a development perspective, the solution with the least
alteration to the current setup would be cheapest one.

• Maintenance: Preventive or planned checks and repairs at regular intervals
accepted to be less costly than breakdowns and unplanned works.
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4.1.2 Operations

Boarding device solutions were additionally evaluated for factors such as, simplicity
of actual operation and safety of passengers and delays in vehicle activities:

• Ease of actual operation: it is usually desirable to have a system that is simple,
and easy to operate. This saves time and reduces train dwell time.

• Safety: this is the primary purpose of developing gap fillers and boarding systems
at the PTI. The solution should adequately compensate for the horizontal and
vertical gaps sufficiently enough to avoid any PRMs falling or being injured when
boarding or alighting.

• Delay in prepare operations: The actual actuation of the system requires a time
period, particularly for moveable systems. There are devices which do not require
actuation time, such as fixed platform-based designs.

4.1.3 Applicability

Applicability is a factor which alludes to several aspects such as,

• Access for PRMs: The gap filler should be positioned primarily to provide easy
and safe boarding and alighting of personswith reducedmobility. Ideally, it should
provide a step-free or level boarding.

• Horizontal and vertical gap filling: The goal of installing a gap filler or boarding
system is to fully compensate for the horizontal and vertical gaps. However, this
is not always easy or possible as has been demonstrated by the many different
designs in Sect. 3.

4.1.4 Implementation

The time needed to install the solution is important. This will determine how long
the platform would be out of service while construction is taking place. It may also
indirectly infer the labour cost of installation.

4.2 Weighting and Rankings

Design solutions were evaluated using the factors discussed earlier. The criteria
applied a Likert scale of 1 (low performance or less desirable) to 5 (high performance
or most desirable), using evaluation of 10 experts. Applicability, deemed to be most
important for PRMs, accounted for 40% while cost, operations and implementation
each accounted for 20% of the score. Presented in Table 2 are the overall results of
the evaluation.

Presented below is the summary of the outcomes of the evaluation.
Ranking based on cost
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Table 2 Evaluation results of the design solutions

1. Manual ramps
2. Delkor Rail

Ranking based on applicability

1. Manual ramps/Lifts
2. Glidelok ramp

Ranking based on operations

1. STRAIL edge
2. Safety gap filler/Stadler deployable footstep

Ranking based on implementation
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1. Stadler deployable footstep
2. Pendolino footstep/Manual ramps

Overall ranking

1. Manual ramps (Devadoss et al. 2012)
• Appropriate for both straight and curved platforms.
• Accessibility of PRMs.
• Horizontal and vertical gap filling.
• Minimal costs of installation, operations and maintenance.
2. Glidelok ramp (Fullerton 2005)

• No vehicle alteration required.
• Appropriate for both straight and curved platforms.
• Accessibility of PRMS.
• Horizontal and vertical gap filling.

3. Stadler deployable footstep (Stadler 2015)
• Appropriate for both straight and curved platforms.
• Accessibility of PRMs.
• Horizontal and vertical gap filling.

5 New Proposed Solution

The review of the gap filler solutions and boarding systems revealed that they have
advantages and disadvantages. In order to provide guidance on the most suitable
solution for future development, an evaluation criterion was applied. For accessi-
bility and safety, results show that the manual ramp has more advantages of meeting
the needs of PRMs than the other designs. Although they have many advantages, the
greatest disadvantage is the need for staff to operate the ramp, which requires addi-
tional labour time. Moreover, manual operation is time consuming and laborious,
which is very inconvenient. It also causes delays in the train dwell time. Therefore,
based on the manual ramp solution, Fig. 37, shows a proposed conceptual design of
an automated ramp.

This automatic ramp solution solves the problem of extra manpower hours.
However, it increases cost and complexity. Automated ramps use equipment such
as motors and sensors, which will undoubtedly increase the cost of installation and
maintenance. In addition, without staff, safety precautions need to be considered.
Nevertheless, the additional cost could be compensated by a reduction in train dwell
time, improved crowd flow, and safety.
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Fig. 37 Automated ramp

6 Conclusions and Future Prospects

The gap at the platform train interface (PTI) has always been a safety concern in
general, and particularly for persons with reduced mobility (PRMs). Regulations
require that the horizontal and vertical gaps should not exceed 75 mm and 50 mm,
respectively. At present many countries in Europe do not meet these requirements
since the stations are old, and therefore need other means of filling the gap. New
builds, however, incorporate step free designs as far as possible.

From the vehicle dynamics point of view, it makes sense to make the gap large
enough for the vehicle body not to contact the platform as the vehicle oscillates
horizontally. On the other hand, the gaps create a safety hazard for the general public,
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but particularly for PRMs. Especially at platforms where trains pass at high speeds,
enough gap should be allowed. Therefore, the need for installing a gap filler device
becomes inevitable since the presence of the gap is also inevitable.

This paper has shown that current gap filler solutions and boarding systems have
shortcomings when it comes to vertical gaps and operating on curved platforms. In
order to provide guidance on the most suitable solution for future development, an
evaluation criterion was applied. Results showed that the manual ramp has more
advantages for meeting accessibility and safety needs of PRMs, than most existing
designs. This is in addition to its ease and low cost of implementation. Despite their
many advantages, manual ramps the greatest disadvantage is the need for staff to
operate the ramp, which requires additional labour. Moreover, manual operation is
time consuming and laborious, which is very inconvenient. Its deployment also adds
to the train dwell time. To harness the advantages of the manual ramp, yet reduce the
train dwell time, an automated design based on the manual ramp is recommended
for future work.

The review has shown that operationally, a PTI solution should aim at improving
both the accessibility and the PRM safety, while also reducing the train dwell time.
Therefore, future developments of the new proposed design or derivatives of existing
designs should take this into account, with a high weighting in design decision
making.
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Abstract This paper discusses the impacts of logistics development on logistics effi-
ciency and economic growth of pre-selected countries. These impacts were analyzed
in terms of: logistics infrastructure, rail network/1000km2 and volume of goods
carried by rail. Subsequently, the impact of ‘Logistics Performance Indicator’ on
economic growthmeasured by current GDPwas analyzed. For the analysis, a sample
of eight countries (four developed and four developing) was used for a period of 10
years, 2007–2017. The research presentes theoretical framework that includes liter-
ature review, and analysis of Logistics Performance Indicator issues and economic
growth, rail transport, and logistics performance of countries through indicators. The
methodology, in general, includes both an explanatory and quantitative research. The
data used were collected from the World Bank website. More specifically, multi-
variate statistical methodological approach was used with simple and multiple linear
regression econometric models in panel data for this study. Based on this discussion,
the results suggest that the quality of the infrastructure and the rail network/1000 km2

have apositive impact on the logistics efficiencyof the countries under study.Whereas
Logistics Performance Indicators (like infrastructure quality and TKU/railways)
indicate a positive impact on the countries’ growth in terms of current GDP.
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1 Introduction

Countries with developed logistics systems tend to provide higher quality of life with
better access to goods and services to consumers more efficiently at affordable costs.
The people, companies and governments of these countries enjoy the benefits that an
efficient logistics system offers by making the market and trade in these places more
intense. Aspects such as infrastructure quality of existing modes, well-structured and
localized ports, duplicate highways, extensive rail network, cargo terminals, quality
of airports, bridges and viaducts, all this structure aims to bring together producers
and consumers.

Railways are very important in our society and their operation and expansion
are completely necessary. They are important because they allow passengers and
cargo to be transported over long distances; In other words, they provide freedom of
movement, which did not exist in the past. Rail networks are complex systems and
consist of many different types of trains, corridors and services. Railways carry 21
billion passengers annually and 10 billion tons of cargo annually (IBM 2014 apud
Bevrani 2015). Railroad history shows that it can be used as an efficient means of
transport for moving goods and passengers. Building efficient transportation systems
such as railways can improve local and global economies by allowing more goods to
be transported, reducing greenhouse gas emissions, making roads safer, and reducing
road congestion (IBM 2014 apud Bevrani 2015).

Studies indicate that infrastructure spending has a positive effect on growth and per
capita growth. Signals of GDP and luminosity data coincide. If subnational author-
ities—the states—increased their spending by one percentage point, the regional
GDP growth rate would increase by 0.11 percentage points per year, while per capita
GDP growth rate would account for an increase of 0.072 percentage points per year
(Amann et al. 2016).

Recent works demonstrate a need for sustainable expansion of the rail sector. This
paper uses logistics indicators such as: rail network/1000 km2, Logistics Performance
Indicator, TKU (tonne-kilometer) and infrastructure quality, in addition to current
GDP, using a sample of developed and developing countries comprising a series of
2007–2017 to define what are the impacts of logistics variables, especially rail trans-
port and infrastructure quality, on the logistics efficiency of a country. Consequently,
as a specific objective, we intend to analyze if the Logistics Performance Indicator
impacts on the current GDP of the countries.

The results of this research contribute to the literature of the area and can be
compared with the findings of other researchers, writers and logistics professionals.

The work in question is structured in 5 sections, with the introduction. The second
section comprises the background and literature review that underpinned data anal-
ysis; The third section deals with the methodology used, followed by the results and
the relevant discussions. Finally, the final considerations of the study are presented.
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2 Background and Literature Review

According to Ballou (2015), the US, Japan, and members of the European economic
community has a high standard of living and trade goods freely due to the efficiency
of their logistics systems.

Marchetti and Ferreira (2012) studied the importance of logistics for the
Brazilian economy. They addressed regulatory aspects, market performance and
future challenges in the different modes. They add that in addition to the quality
of the infrastructure, the transport network configuration itself influences logistics
performance.

Logistics performance can also be measured not only at country level, but also
at company level. Da Silva, Oliveira and Marinov (2020), analyzed the merger
between two Brazilian companies. Using the DEA (Data Envelopment Analysis)
methodology, the results indicated that the rail service after the merger was efficient,
generating synergy and operational improvements.

Leans et al (2014) conducted a researchusing adynamic structuralmodel to test the
relationship between logistics development and short-term and long-term economic
growth in China. They concluded, using the Granger causality test, that economic
development causes more demand for logistics services and therefore leads to the
development of logistics. It was also noted that rail transport causes the development
of road and waterway transport, which implies that rail played a key role in the
transport network in China by 2014.

Boopen (2006) studied the relationship between investment and improvements
in transport infrastructure with the development and economic progress of sub-
Saharan African countries and 13 small developing states (Jamaica, Barbados, Mali,
among others). Using cross-sectional and panel data analysis, he concluded that
transportation capital contributed to the economic progress of these countries.

In his research Hayaloglu (2015) investigated the impact of the evolution of the
logistics sector on economic growth in 32OECD (Organization for Economic Devel-
opment Cooperation) countries, covering the period 1994–2011. It used as method-
ology multiple linear regression with panel data analysis. One conclusion was that
there was a positive and statistically significant relationship between investments
in land transport infrastructure and GDP. In other words, infrastructure investments
have a positive impact on economic growth.

Other results from this study, which used different indicators from the logis-
tics sector, were that investments in the transport sector and development in the
telecommunications sector contributed to economic growth in OECD countries.

Sturm, Jacobs and Groote (1999) found strong evidence of a positive impact of
transport infrastructure investment onDutchGDP in the second half of the nineteenth
century.

From the above, it is clear that an efficient logistics system impacts on the
economic performance of countries.
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2.1 Transports

According toArnold (2014), transport is essential for the economyof any area, aswell
as for social development. This statement is corroborated by Bowersox et al. (2014),
who state that transportation represents more than 60% of a company’s logistics
expenses, explained by the great responsibility of moving stocks through the supply
chain. Therefore, its performance is crucial for all areas of a company.

The emissions produced by the railways are amongst the lowest in the transport
sector. If a greater mass of freights can be transported on one train, fewer trucks
are needed to run, which have a positive effect on the decrease in the number of
greenhouse gases produced. It would suggest that the solution to green transport is
not to bring down car emissions, but to encourage use of the railways (Marinov et al.
2020).

According to Bowersox et al. (2014), the rail modal is historically known for its
large capacity to transport goods (TKUs) efficiently and safely over long distances,
which can be associated with the unitization usually with containers, often occurred
in such modal. In this way, the high fixed costs associated with this type of transport
are balanced with its low variable costs, which demonstrate its lower total cost.

The significant advantages of rail freight over its close competitors including road
have been notedmany times, someofwhich include benefits to the environment as rail
creates less air pollution than road freight; the ability to create economies of scale and
benefits for logistics operators. When completed efficiently, rail freight operations
have been identified to benefit the economy through the proficient transfer of goods
(woroniuk et al. 2013).

According to Da Silva, Oliveira and Marinov (2020), the strategy of using trucks
increases export costs and decreases Brazilian sales, mainly due to the significant
volume of cargo being transported by trucks over long distances.

In addition to the authorsmentioned above, it can be noticed that in other countries
with similar territorial and commercial structures, a substantial portion of transport
is by rail.

Fraszczyk et al (2016) showed that extending the length of track, followed by
offering more rail services stimulates economy as people are employed to build
the railways, maintain it as well as more customers can use it. Besides that, the
extending of the length of track to secluded villages and towns improve the quality
of life for the individuals in these areas, allowing them to travel and exercise their
mobility into towns and cities. And it could also potentially generate extra income for
infrastructure managers as well as at journeys’ destinations (employment, education,
entertainment, etc.).
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2.2 Analyzed Indicators

To support the importance of the logistics system, it was used indicators shown
chronologically as follows: railway network/1000 km2, Logistics Efficiency, Quality
of Logistics Infrastructure, TKU and current GDP.

Current GDP was used in the second model of this research as an indicator of
a country’s growth. GDP is the main indicator of economic activity. It reflects the
value of the final goods and services produced in an economy during a given period
(Rogers et al. 2006).

The indicator Rail network/1000 km2 was also used. For the calculation, a division
was first made between the kilometers of railway network by the territorial extension
in km2 of each country of the sample within the chronological period. After that, this
value was multiplied by 1000, thus acquiring a quantity of the rail network/1000 km2

of each country. It is a more accurate indicator than just the length of each country’s
rail network. This calculation was performed due to large territorial differences of
the sample countries.

According toWorld Bank (2019a, b, c, d, e, f), cargo traffic in any mode is usually
measured in tons and tons-kilometers or TKU. One tonne-kilometer is equal to the
weight of the cargo carried times the distance carried. In this research was used
the term TKU/railroads (railroad freight), which is the volume of railroad freight,
measured in metric tons times kilometers traveled. TKU values were logarithmized
to facilitate calculations and analysis.

Logistics Efficiency is an indicator based on the logistics quality of a country
according to the World Bank (2019a, b, c, d, e, f), using factors such as speed and
efficiency of delivery and reception of products and raw materials, which is strongly
involved in the predominant mode in the country.

The Logistics Performance Indicator indicator was created by the World Bank
and considers the following dimensions: transport and communication infrastruc-
ture, consistency / reliability, cargo tracking, competence of public and private logis-
tics services, availability of international transport, and customs procedures. The
Logistics Performance Indicator ranges from 1 (worst) to 5 (best) and includes 155
countries. The higher the index, the better the logistics system (World Bank 2019a,
b, c, d, e, f).

The logistics quality indicator was also used: the quality of the logistics infrastruc-
ture related to trade and transport. Details of the methodologies of these indicators
are available on the World Bank website. According to the World Bank (2019a, b,
c, d, e, f), Infrastructure Quality is an indicator that uses values based on existing
infrastructures in a given country. Its time series was made available by the World
Bank. The goal is to analyze whether infrastructure quality impacts logistics effi-
ciency. The scale ranges from 1 (worst) to 5 (best). This indicator considers the
quality of infrastructure related to trade and transportation of ports, railways, roads,
information technology, among others.
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3 Methodology

This section presents the methods that were used in the production of this study
involving type of research, object of study and sampling, techniques and instruments
for data collection, treatment and variables used in the regression model.

This research is explanatory and quantitative, as it aims to evaluate the logis-
tics performance of countries through mathematical modeling applied to finance,
economics and logistics. It is a bibliographical research, dealing with the relationship
between economic growth and logistics development, rail transport system and logis-
tics infrastructure. The secondary sources used come from books, articles and insti-
tutions endorsed as the World Bank, ANTF (National Railway Transport Agency)
and IPEA (Institute of Applied Economic Research).

In the present work the object of study included a sample of developed and devel-
oping countries (BRIC) from 2007 to 2017, a total sample population of eight coun-
tries. The choice of countries was based on the highest GDPs for both developed and
developing countries. To this end, it was necessary to identify and separate countries
into two groups as well as collect their logistical information.

The sample population has as its starting point the year 2007 (beginning of
the international financial crisis of the subprimes) until the year 2017 completing
11 years time series. Current GDP, Logistics Performance Indicator, infrastructure
quality, TKU / rail, rail network and territorial extension of the sample countries
were required. Table 1 shows the sample population divided into two groups.

The data collected through the World Bank (Logistics Performance Indicator,
infrastructure quality, TKU / rail, current GDP and rail network) were processed in
a spreadsheet editor software and in a graphical program for multivariate statistical
analysis.

To treat the data, the statistical procedure with parametric hypothesis test was
used. In this procedure a multivariate statistical technique was used, the multiple
linear regression analysis using the generalized ordinary least squares method.

Table 1 Sample Population Countries Analysis group Period Continent

EUA Developed 2007–2017 North America

Japan Developed 2007–2017 Asia

Germany Developed 2007–2017 Europe

Italy Developed 2007–2017 Europe

China Developing 2007–2017 Asia

India Developing 2007–2017 Ásia

Brazil Developing 2007–2017 South America

Russia Developing 2007–2017 Asia
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According to Hair et al. (2009), regression analysis is the most widely used
and versatile dependency technique. Regression analysis is the foundation for busi-
ness forecasting models ranging from econometric models that predict the national
economy to business or country performance models.

The objective of regression analysis is to study the relationship between two or
more explanatory variables that present linear form and a metric dependent variable
(Gujarati and Porter 2011). Thus, a linear regression model can generally be written
as follows:

Y = α + β1X1 + α + β2X2 · · · βnXnu

where

Y study phenomenon (metric dependent variable);
α represents the intercept (constant);
βk coefficients of each variable (angular coefficients);
u disturbance or error term.

The disturbance also known as residual represents possible X variables that were
not included in the model and that would be explanatory variables of the Y variable
(Fávero et al. 2009).

In this research the panel data technique was used. Models involve data from
various cross sections over time. Fávero et al. (2009) and Gujarati and Porter (2011)
stated that, by combining time series with cross-sectional observations, panel data
offer a reduction in multicollinearity problems of explanatory variables, generate
more informative data, greater variability, more efficiency, better results and highest
degree of freedom.

For panel data, two approaches were used: fixed effects model and random effects
model. For Fávero et al. (2009), fixed models consider changes in cross sections over
time, can be written as follows:

Yit = α.Di + β1Xit + u

Random effects models or error component models are composed of two or more
errors. If the variables represent lack of knowledge about the model, this information
can be expressed by the error term (Gujarati; Porter 2011). According to Fávero et al.
(2009), the random effects model can be written as follows:

Yit = αi + β1Xit + wit

According to Gujarati and Porter (2011), the compound error term wit consists of
two components: cross-sectional or country-specific component and error element
combining time series and cross-section. The difference between the fixed and the
random effect is the way the individual error component is handled.

The analysis of the regression model results is made in statistical inference based
on the sample observations taking into consideration the level of significance.
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3.1 Variables and Models

Information on the data (variables) used in the study was collected from the World
Bank and is listed below.

A. Logistics Efficiency—Efilogit
B. Infrastructure Quality—QualiInfrait
C. TKU/Railways—TKUfeit
D. Rail Mesh/km2—MalhaFeit
E. Current GDP in dollars (logarithm format)
F. Dummydesensubdesenit

In this work, Stepwise method was used to evaluate the statistical significance of
the parameters of each explanatory variable, considering for the final models only
variables that did not present multicollinearity problems.

The binary variable Dummywas not included in themodels to capture the impacts
on the performance of variables separating countries into two distinct groups: devel-
oped (1) and developing (0) becauseGDPs of all these countries are among the largest
in the world. Performing tests with Dummy on the models it was not significant.

For the following regression model, a hypothesis was elaborated based on the
previous studies cited above and published books.

Hypothesis 1 With higher quality of logistics infrastructure in a country, added to
TKU/railways plus density of rail network/1000km2, countries improve their levels
of logistics efficiency.

Efilogit = a0 + B1QualiInfrait + B2MalhaFeit + B3TKUit + ui t

Logistics Performance Indicator represents the dependent variable. The control
variables used in this model were the quality of infrastructure, TKU/railways and
rail network/km2.

Hypothesis 2 As logistics efficiency indicators increases, a country’s growth
measured by GDP increases.

PIBcorrentLogit = a0 + B1QualiInfrait + B2TKUfeit + B3MalhaFeit + ui t

The control variables used in this model were the quality of infrastructure,
tKU/railways and railway network/km2. These variables represent logistic perfor-
mance, the compound of logistic stake. Current GDP was treated as the dependent
variable. The objective of this model is to capture only the impact of the variables of
the Logistic Performance Indicator on the GDP of countries and not on groups.
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4 Results and Discussion

After collecting the data on the indicators previously cited, an analysis of descriptive
statistics and models used was carried out. These indicators were collected and sepa-
rated into two groups: the BRIC (Brazil, Russia, India and China) and the developed
countries group (USA, Germany, Japan and Italy).

4.1 Descriptive Statistics

Descriptive statistics analysis of the indicators was performed according to Table
2. It reports data on the maximum, minimum, mean and standard deviation from
developed countries and the BRIC group. The indicators analyzed were: current
GDP,RailMesh/1000km2,TKU,Logistics Performance Indicator, and Infrastructure
Quality. There were 88 observations of each variable.

According to Table 2, the average GDP of BRIC was 12.412 while the average
of the developed countries group was 12.701. This average of BRIC GDP indicator
corresponds to 3.4 trillion dollars. It is influenced by the individual values of the India
and China GDP time series. The logarithmized average of the developed countries
GDP indicator is $6.8 trillion in current terms. The standard deviation of the GDP
indicator of the BRIC group was 0.301 while in the developed countries group it was
0.333.

Regarding the Rail Network/1000 km2, BRIC has a maximum value of
20.5/1000 km2, belonging to 2017 India, but this value is well below the maximum

Table 2 Descriptive statistics of sample panel indicators

Country
groups
under
review

Descriptive
statistics

Current
GDP
(Log)

Rail
Mesh/1000
km2

TKU
railways

Logistics
Performance
Indicator

Infrastructure
Quality

BRIC Mean 12.412 8.7 6.13 3.044 2.965

Maximum 13.084 20.5 6.41 3.661 3.752

Minimum 12.079 3.4 5.39 2.368 2.230

Standard
deviation

0.301 6.5 5.97 0.368 0.436

Developed
Countries

Mean 12.701 54.4 5.82 3.911 4.063

Maximum 13.290 94.9 6.43 4.226 4.439

Minimum 12.263 16.1 4.00 3.575 3.519

Standard
deviation

0.333 27.3 6.03 0.176 0.240

Note Current GDP and TKU values are in logarithmic form. Efficiency and logistics infrastructure
indicators are on a scale internationally predefined by the World Bank ranging from 0–5
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value of the developed countries of 94.9/1000 km2, which belong to Germany in
2007. That is, for every 1000 km2 of the country, Germany has 94.9 km of railway
network.

The minimum value of the Rail Network/1000 km2 of BRIC belongs to Brazil
(3468 km per 1000 km2). It is a value considered too small. Already the minimum
value of the group of developed countrieswas 16.110 kmof rail network per 1000km2

for USA. Countries such as Japan, Germany and Italy have a rail network of 40 km
per 1000 km2 in the period under review.

By comparing the average of the rail networks of the two groups under analysis,
a great difference is noticed. While developed countries enjoy a superiority of this
indicator with an average value of 54.4 km per 1000 km2, in developing countries
the average 8,7 km per 1000 km2.

The TKU variable has the values in logarithm format in the table. The maximum
value in BRIC group was 6.41 while in developed countries it was 6.43. The average
TKUwas 5.82 for developed countries and 6.13 for BRIC. This last result represents,
on average, the value of nearly one and a half trillion tons transported per kilometer
via rail.

The Logistics Performance Indicator ranges from 0 to 5 according to the World
Bank. The results of the descriptive statistics of these values show a superiority of the
Logistics Performance Indicator of the developed countries. It is worth noting that
the minimum value for logistics efficiency in developed countries was 3575, close
to the maximum value in developing countries 3.661.

The results of the descriptive statistics for the Logistics Infrastructure Quality
indicator show that BRIC has a maximum value of 3.752 reached by China in 2016–
2017, which is lower than the maximum value of developed countries of 4.439
reached by Germany in 2016–2017. This superiority is also proved by the minimum
value, in which BRIC had 2.23 from Russia in 2007–2009, considerably lower than
the minimum value of developed countries, of 3.519 achieved by Italy in 2007–2009.

4.2 Logistics Efficiency Model Results

The data are in a strongly balanced panel, since there are an equal number of periods
for each of the countries studied. Added to this information, the model has 88
observations for each variable considering 8 countries in a series from 2007 to 2017.

Table 3 shows the results of the Logistics Performance Indicator regression model
as a dependent variable. This variable represents the logistics efficiency model of
the countries. Based on the Hausman test, the random effects model was chosen.
The significance of the Hausman test was 0.2982 accepting the null hypothesis of
the test. The R2 (overall) was 0.9846 indicating which model has high explanatory
power in the variation of the dependent variable (Y). That is, 98.46% of the average
variation of Logistics Performance Indicator performance can be explained by the
model variables.
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Table 3 Result of the logistics performance indicator model

EfiLog Coefficient Standard deviation z Z Valor

MalhaFe 0.0014 0.0008 1.77 0.077***

TKUfe 0.0075 0.0214 0.35 0.724

QualiInfra 0.7377 0.0624 11.82 0.000*

Const 07975 0.2411 3.31 0.001*

Note Significant values at 1%, 5% and 10% are indicated by *, ** and *** respectively

According to this model, infrastructure quality is significant at 1%, positively
affecting a country’s logistics efficiency. The infrastructure quality variable had a
positive coefficient and z value test of 11.82 at a significance level of 1%, resulting
in positive effects on the average Logistics Performance Indicator of the countries
by 73.77%.

These results are similar to the literature in the area of logistics observed in
publications by authors such as Ballou (2015), Bowersox et al. (2014), Hayaloglu
(2015), in which the quality of transport infrastructure has a strong positive impact
on a country’s logistics efficiency. Also similar are the conclusions of the work of
Marchetti and Ferreira (2012) in which they inferred that the quality of infrastructure
and the configuration of the transportation network impact the logistics performance
of a country.

These results show that improvements in the infrastructure quality indicator that
includes the quality of transportation of ports, railways, roads, duplicate highways
and information technology, increase the logistics efficiency of countries.

The Rail Mesh/1000 km2 variable is also significant. This variable had a positive
coefficient and z value test of 1.77 at a 10% significance level, resulting in positive
effects on the average Logistics Performance Indicator of the countries by 0.14% for
each kilometer of railway line built at 1000 km2.

Based on the transport literature, the rail mode generates lower freight costs
providing reductions in the cost of goods sold by companies in the market. A reduc-
tion in the cost of freight can lead to large scale reductions in product prices, moving
the market more intensely.

Finally, the TKU variable was not statistically significant. One inference that can
bemade here is that the difference in population size of these countries not included in
the calculation may have affected the indicator which, therefore, was not statistically
significant.

4.3 Logistics Efficiency Growth Model Results

This model is a multiple linear regression which aims to assess whether a country’s
logistical efficiency variables affects GDP. In this model the current GDP in dollars
with logarithmized values was used in order to facilitate the calculations. The control
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Table 4 Result of the Logistics Performance Indicator development model

PibcorrentLogtmz Coeficient Standard deviation t T Value

MalhaFe 0,0032 0,0039 0.82 0.413

TKUfe 0,3387 0,1323 2.56 0.012**

QualiInfra 0,4594 0,0589 7.79 0.000*

Const 8,9904 0,7896 11.39 0.000*

Note Significant values at 1%, 5% and 10% are indicated by *, ** and *** respectively

variables used in this model were the quality of infrastructure, TKU/railways and
railway network/km2.

Based on the Hausman test, the fixed effects model was chosen. The significance
of the Hausman test was 0.0147 not accepting the null hypothesis of the test.

According to Table 4 the infrastructure quality variable had a positive coefficient
and t value test of 7.79 at a significance level of 1%, resulting in positive effects on
the average current GDP indicator of the countries by 45.94%.

Also, according to Table 4, the TKU variable had a positive coefficient and t value
test of 2.56 at a significance level of 5%, resulting in positive effects on the average
current GDP indicator of the countries by 33.87%. The Rail Mesh/1000 km2 variable
is not significant in this model.

The result is similar to the results found byLean et al. (2014) andBoopen (2006) in
which they found a relationship between economic growth and logistics development
and vice versa.

This result is also similar to the observed literature and related to the previous
model of this research. The results of this model reveal that the Logistics Perfor-
mance Indicator variables (infrastructure quality and TKU/railways) impacts the
current GDP positively. And logistics efficiency is highly impacted by the quality of
countries’ transport and trade infrastructure as per the first regression model.

5 Conclusions

The objective of the this study evaluated the impact of logistics performances
(including the quality of logistics infrastructure, rail network / 1000 km2 and TKU
/ railways on the Logistics Performance Indicator) on a set of pre-selected coun-
tries (four developed and four developing). A peroid of 10 years was selected and
it was analyzed whether ‘Logistics Performance Indicator’ in any way affects the
country economic growth and development measured by current GDP.

The first results showed that the eight countries analyzed can be split into groups.
According to descriptive statistics, the developed countries group has a higher Logis-
tics Performance Indicator and average infrastructure quality than the developing
countries ofBRICgroup. In addition, the average railroad/km2 of developed countries
in the sample is well above the BRIC average.
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The results from the Logistics Performance Indicator model were statistically
significant in relation to the variable infrastructure quality and rail network/1000 km2.
According to the regression analysis results, these two variables positively impact on
the Logistics Performance Indicator of the sample countries.

Therefore, it can be concluded that investing in both logistics infrastructure and
rail networks contributes to increases in logistics performance efficiency. In addi-
tion this study also revealed that increases in logistics infrastructure quality and
TKU/railways impact on the economic growth of countries. It was shown that, the
Logistics Performance Indicator positively affects the current GDP of the sample
countries.
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Abstract The level crossings in the United States experience a significant number
of accidents every year. The accidents can be reduced with the application of various
countermeasures (e.g., traffic signal preemption, flashing lights, barrier cubs, gates).
However, the application of countermeasures for all the level crossings in the United
States is not feasible due to monetary limitations. Moreover, each countermeasure
has a unique level of effectiveness and installation cost (e.g., the most effective
countermeasures are typically more expensive than the least effective ones). Hence,
selection of potent and cost-effective countermeasures at the riskiest level crossings
is imperative to improve safety. While improving safety at level crossings with the
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application of countermeasures, there is a significant risk of waning highway vehicle
flows, increasing delays, and negatively affecting the continuity of passenger and
freight flows. In such a scenario, multi-objective resource allocation models could
be instrumental, since such models can analyze the tradeoffs between conflicting
objectives (e.g., minimizing the number of accidents vs. minimizing the total delay).
Hence, this chapter presents a framework for multi-objective resource allocation to
minimize the number of accidents and to minimize the total delay at level crossings.
Furthermore, various methods for quantifying the number of accidents as well as
delays due to the application of countermeasures at level crossings are reviewed.
Solution methods for multi-objective resource allocation models, including exact
and approximate optimization approaches, are also discussed. Finally, future research
avenues for multi-objective resource allocation among level crossings are outlined.

Keywords Level crossings · Accident prediction · Accident prevention · Delays ·
Traffic queuing · Resource allocation · Multi-objective optimization

1 Introduction

Rail transportation plays an important role in the economyof theUnited States (U.S.).
The impact of rail transportation has increased from 962 million rail vehicle revenue
miles in 2004 to 1109 million rail vehicle revenue miles in 2014 (FHWA 2019). The
magnitudes of both freight and passenger rail transportation have increased in the
U.S. Freight rail intermodal traffic in the U.S. has increased from 765,883 in January
2000 to 1,105,989 in January 2020 (BTS 2020a). Meanwhile, passenger rail miles
have increased from 445,873,041 passenger miles in January 2000 to 540,993,482
passenger miles in January 2020 (BTS 2020b). To accommodate this increase in rail
transportation, several initiatives have been taken. For instance, the rail vehicle fleet
in the U.S. (e.g., commuter rail locomotives, commuter rail self-propelled passenger
coaches, commuter rail passenger coaches, light rail, heavy rail) has been increased
from 19,623 vehicles in 2004 to 21,860 vehicles in 2014 (FHWA 2019).

Along with an increase in railway traffic, accidents at rail crossings, especially
level crossings (where highways and railways meet at the same elevation), have
increased as well. Figure 1 presents the frequency of level crossing accidents in the
U.S. from 2010 to 2019, where it can be observed that a total of 2225 level crossing
accidents occurred in the U.S. in 2019, as compared to 2052 level crossing accidents
in 2010 (FRA 2020). These level crossing accidents resulted in numerous losses of
lives, injuries to victims, and damages to property. For instance, the 2225 accidents
at the U.S. level crossings led to 332 fatalities, 825 injuries, and a minimum of $17.3
million in reported highway vehicle property damages in 2019, as compared to 263
fatalities, 888 injuries, and a minimum of $14.8 million in reported highway vehicle
property damages in 2010 (FRA 2020).

Safety issues at level crossings can be addressed with various strategies (e.g.,
traffic signal preemption, application of warning devices, grade separation). The
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Fig. 1 Number of level crossing accidents in the U.S. from 2010 to 2019

application of warning devices, such as flashing lights, barrier cubs, gates, stop
signs, wigwags, etc., is one of the most popular approaches for reducing the number
of accidents at level crossings. However, the installation of such warning devices
could be expensive. In fact, the installation of warning devices at each of the level
crossings in the U.S. is not feasible with the annual budget that is set aside for the
safety improvement projects at level crossings. Thus, only the riskiest level crossings
can be improved with the installation of warning devices. Furthermore, each warning
device has a unique level of effectiveness and a unique installation cost. The most
effective warning devices are typically more expensive than the least effective ones.
For instance, automatic gates are generally more effective in reducing the number of
accidents at level crossings than stop signs. However, they are also substantiallymore
expensive as well. If automatic gates are considered as the only countermeasure for
all the riskiest level crossings, then, only a small number of level crossings can be
upgraded. On the other hand, if stop signs are considered as the only countermeasure
for all the riskiest level crossings, then, there might be significant safety concerns
at many level crossings. Hence, a choice of countermeasures (e.g., warning devices)
should be carefully examined for each of the level crossings under consideration.
At the same time, a ranking of the riskiest level crossings is required, which can be
achieved through the use of accident and hazard prediction models available in the
literature, such as the U.S. DOT Accident Prediction Formula, the Coleman-Stewart
Model, the Jaqua Formula, among others (Chadwick et al. 2014; Abioye et al. 2020).

The choice of countermeasures should also be incorporatedwith the consideration
of highway traffic delays, as countermeasures generally lead to additional delays to
highway traffic at/near level crossings. Note that highway traffic delays may vary
from one countermeasure to another. For instance, automatic gates, which are gener-
ally more effective in reducing accidents at level crossings, also add more delays to
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highway traffic, as compared to stop signs. Evenwithout the installation of additional
countermeasures, highway traffic delays at/near the level crossings in the U.S. are
already notable. Such delays have the potential to cause negative economic implica-
tions. For instance, in 2002, the Federal HighwayAdministration (FHWA) forecasted
that highway traffic delays at/near the level crossings in the U.S. could lead to $7.9
billion in losses for the following 20 years (FHWA 2002). Extensive highway traffic
delays could also lead to risky highway user behavior (e.g., driving through a level
crossingwhile gates aremoving, driving around closed gates in order to avoid delays)
(Rilett and Appiah 2008; Khattak 2014; Khattak and Lee 2018).

Resource allocation or selection of the appropriate countermeasures for level
crossings could be challenging, as several issues are associated with it. Some opti-
mization models have been presented in the past for resource allocation among level
crossings. However, most of them have focused on only one objective (e.g., mini-
mizing the expected number of accidents at level crossings, minimizing the overall
hazard at level crossings). Addressing only safety issues through the application of
countermeasuresmight significantly affect highway traffic flows or lead to significant
delays. Hence, there is a need for multi-objective resource allocation methodologies,
which can analyze the tradeoffs between conflicting objectives. Such methodologies
could establish a balance between the reduction in the number of accidents through
the application of countermeasures and the highway traffic delays caused by those
countermeasures. In particular, the decisionmakers would be able to select the appro-
priate countermeasures for the considered group of level crossings that will provide a
desirable (or close to desirable) level of safety without causing a substantial increase
in highway traffic delays. Hence, this study provides an outlook on multi-objective
resource allocationmodels for level crossings as well as solution approaches for such
models.

The remainder of this chapter is organized as follows. The following section
contains an overview of the existing literature on safety issues at level crossings. The
third section provides a multi-objective resource allocation modeling framework
for level crossings and discusses some of the common approaches for quantifying
the number of accidents and delays at level crossings. The fourth section high-
lights potential solution approaches for multi-objective resource allocation models.
The fifth section highlights important implications of this work. The final section
concludes this chapter and outlines a number of future research opportunities.

2 Literature Review

This section of the chapter presents a review of the literature particularly focusing
on safety issues at level crossings and resource allocation among level crossings.
Although the resource allocation studies are directly related to the theme of this
research, the scope of the literature review also includes the studies that focus on
safety issues at level crossings, since these studies evaluate the effects of different
factors on safety at level crossings (hence, the findings from these studies can be
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directly used in resource allocation decisions). The existing gaps in the stat-of-the-art
are also pointed out in this section as well.

2.1 Safety Issues at Level Crossings

A number of studies have addressed safety issues at level crossings. Hu et al. (2010)
suggested that there was a lack of research efforts assessing the severity of acci-
dents at level crossings. So, a logit model was developed for examining severity
of level crossing accidents in Taiwan. Several factors were found to affect acci-
dent severity, including highway and railway traffic volumes, approaching crossing
markings, highway separation, and obstacle detection devices. Yan et al. (2010)
employed a hierarchical tree-based regression model in order to predict accidents at
level crossings that were equipped with passive warning devices. The study high-
lighted that stop signs were effective passive warning devices to improve safety
at level crossings. Evans (2011) analyzed the level crossing accidents in the U.K.,
which led to fatalities. The study considered three types of level crossings, including
railway-controlled, automatic, and passive. It was found that automatic crossings
were the least dangerous among the three types of level crossings. Lenné et al. (2011)
analyzed driver behavior at two rural level crossings. Responses to active warning
devices, including flashing lights and traffic signals, were compared to those of a
passive warning device, which was a stop sign. The results indicated that the passive
warning devices led to less compliance than the active warning devices.

Rudin-Brown et al. (2012) compared the use of boom barriers and traffic lights
at the level crossings in Australia. It was suggested that traffic lights would not
improve safety at level crossings that were already equipped with flashing lights
and boom barriers. Tey et al. (2013) examined driver compliance towards different
warning devices at level crossings. The study highlighted that socio-demographic
characteristics (e.g., age, gender), speed, and warning device types significantly
influenced driver compliance. Freeman and Rakotonirainy (2015) argued that pedes-
trian accidents at level crossings were prone to more fatalities and severe injuries,
as compared to the other types of accidents at level crossings. The study analyzed
pedestrian behavior at level crossings and indicated that pedestrians could violate
traffic rules in spite of having adequate knowledge. Larue and Wullems (2015)
conducted a driving simulator study in Australia, which highlighted that converting
active level crossings into passive level crossings could lead to user errors. Borsos
et al. (2016) assessed about 1700 level crossings inHungary, and the study underlined
that highway and railway traffic volumes significantly influenced safety at those level
crossings. Laapotti (2016) indicated that more accidents occurred at the passive level
crossings than the active level crossings in Finland. It was highlighted that active level
crossings were more instrumental in preventing user errors.

Beanland et al. (2017) studied driver behavior at the rural level crossings in
Australia. It was found that a significant portion of drivers did not acknowledge stop
signs or made a complete stop. Beanland et al. (2018) conducted a driving simulator



70 J. Pasha et al.

study assessing safety at level crossings. The findings suggested that users preferred
standard level crossings as compared to the ones with new designs, which might be
attributed to the fact that users were used to standard level crossings. Djordjević et al.
(2018) developed a non-radial Data Envelopment Analysis model, which relied on
desirable and undesirable inputs/outputs. The model was able to evaluate the railway
safety performance of European nations. Khan et al (2018) highlighted that about
half of the level crossing accidents occurred within 5 miles from an individual’s resi-
dence. An accident prediction model, using binary logit regression, was proposed.
Larue et al. (2018) highlighted that highway and railway traffic volumes as well as
human errors could significantly change the level of risk at level crossings. Stefanova
et al. (2018) analyzed pedestrians’ risk perceptions and crossing intensions in case
of level crossings. It was revealed that pedestrian gates were beneficial in promoting
safer pedestrian behavior. Zhang et al. (2018) analyzed trespassing near-misses at
level crossings. Using surveillance video footages, a computer vision algorithm was
developed to trace trespassing near-misses.

Landry et al. (2019) examined the potential of in-vehicle auditory alerts for
reducing the risk of accidents at level crossings. It was indicated that the in-vehicle
auditory alerts reminded highway users that they were approaching level crossings
and, thus, promoted safe driver behavior. Dent and Marinov (2019) discussed the
automated obstacle detection implementation for the level crossings in Great Britain.
It was highlighted that the automated obstacle detection would not just improve the
level of safety at level crossings but also would reduce the costs that are associated
with the level crossing signal systems. Keramati et al. (2020) employed a competing
risk algorithm, which assessed the level crossing accident occurrence and severity.
For a total of 3194 public level crossings in North Dakota, the main contributors of
level crossing accidents were found to be geometric parameters, highway/railway
characteristics, and traffic exposure. Russo et al. (2020) examined pedestrian and
bicyclist behavior at level crossings using video footages. It was indicated that 27%
of pedestrian accidents at the level crossings in the U.S. during 2008–2017 were
related to disregarding gates. Zhou et al. (2020) introduced a Random Forest Algo-
rithm for safety analysis of level crossings. The proposedmethodology could improve
the performance of unbalanced data forecasting, as it held a bootstrap character-
istic. In addition to the attempts from researchers all over the world, different state
Departments of Transportation (DOTs) in the U.S. have made a number of efforts to
analyze and improve safety at level crossings (Faghri and Demetsky 1986; Elzohairy
and Benekohal 2000; Weissmann et al. 2013; Hans et al. 2015; Sperry et al. 2017;
Dulebenets et al. 2020a).

2.2 Resource Allocation Amongst Level Crossings

Farr (1981) developed theTransportationSystemsCenterResourceAllocationModel
for level crossings, which accounted for the predicted accident rates at level crossings
as well as the effectiveness of warning systems and cost parameters. For a number
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of allocation options, a funding priority ranking was provided as well. The proposed
resource allocation model could maximize the total benefit by indicating a list of
level crossings from the candidate level crossings and then selecting the appropriate
warning systems for each of the level crossings. Berg (1986) argued that several
studies at that time focused on the effectiveness ratios of countermeasures and inte-
grated accident records into resource allocation procedures (as well as into accident
and hazard prediction models). The study presented relevant data to reveal that such
procedures could be biased, and, therefore, could misallocate resources. Hence, it
was recommended to ignore the alteration of predicted accident rates based on acci-
dent records. The study also advocated for modeling approaches for the estimation
of expected accident reductions. Forgionne (2002) developed a high-speed level
crossing analysis tool for the evaluation of costs and benefits of potential projects. A
system session was demonstrated to illustrate the potential benefits of the proposed
decision support tool.

Cirovic and Pamucar (2013) stated that selection of level crossings for installa-
tion of safety equipment was subject to uncertainties of essential criteria in terms of
decision making. In order to address such uncertainties, the study employed a fuzzy
multi-criteria decision making approach along with fuzzy clustering techniques. The
developed model was trained with expert knowledge and evaluated for a total of
88 level crossings in Belgrade (Serbia). The numerical experiments indicated that
the proposed methodology provided straightforward results for selection of the most
effective alternative from a given set of alternatives, as compared to different statis-
tical models and mathematical transformations. Konur et al. (2013) proposed an
optimization model for maximization of safety benefits through resource allocation
among the level crossings in the State of Tennessee. A number of sorting method-
ologies were also developed for comparison purposes. The numerical experiments
revealed that the optimization model, which was developed under the study, was
more efficient than the sorting methodologies in improving safety at level crossings.

Rezvani et al. (2015) presented a cost/benefit framework to upgrade the most
hazardous level crossings under safety improvement projects. The framework
consisted of the following main steps: (i) measurement of accident cost; (ii) cost-
based screening; (iii) benefit/cost analysis; (iv) prioritization of projects; and (v)
funding. The study added that the presented framework was applicable to different
modes and objectives (e.g., mobility, safety). Kavoosi et al. (2020a) proposed two
mathematical models for resource allocation among the level crossings in the State
of Florida. The objectives of the mathematical models were to minimize the overall
hazard (i.e., vulnerability of level crossings to accidents) and to minimize the overall
hazard severity (i.e., vulnerability of level crossings to fatalities, injuries, and prop-
erty damage accidents). A set of heuristic algorithms were developed to solve the
mathematical models. The heuristics were inspired by some sorting procedures that
explicitly accounted for the total budget available for implementation of different
countermeasures. A case study for the public level crossings in the State of Florida
demonstrated the potencyof the proposedmethodology.A set of additional sensitivity
analyses for the parameters of the developed model were conducted as well.
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2.3 Literature Summary and Existing Gaps

From the review of the scientific literature, it was found that a number of research
efforts have been carried out to improve safety at level crossings, while some studies
have presented different methodologies for resource allocation among level cross-
ings. Several mathematical models have been developed to minimize the predicted
number of accidents, the overall level crossing hazard, or the overall hazard severity
at level crossings. Yet, there is a lack of mathematical models, which can minimize
the number of accidents with the application of countermeasures while considering
the total delay caused by these countermeasures at level crossings. Hence, the multi-
objective resource allocation models, which can not only minimize the number of
accidents at level crossings but also minimize the total delay due to the application of
countermeasures, are required to fill this gap in the state-of-the-art. Furthermore, the
appropriate solution algorithms for such multi-objective resource allocation models
with conflicting objectives have to be designed as well. Considering these shortcom-
ings of the existing efforts on level crossing safety, this study provides an outlook
on multi-objective resource allocation models for level crossings as well as solution
approaches for such models.

3 Multi-Objective Resource Allocation Modeling
Framework

A framework for the multi-objective resource allocation problem (MORAP) and
safety improvement projects at level crossings is presented in this section. Under
this framework, a set of level crossings X = {1, . . . , n} is considered for upgrades
by the application of a set of candidate countermeasures C = {1, . . . ,m}. Due to
monetary constraints, which are defined by the total available budget (T AB—USD),
only a limited number of level crossings, based on the predicted number of accidents
(PAx , x ∈ X ), can be upgraded. There are different methods for predicting the
number of accidents at level crossings,which are discussed in Sect. 3.1 of this chapter.
Each countermeasure has an effectiveness factor (EFxc, x ∈ X, c ∈ C), which can
reduce the potential of accidents at a level crossing to a certain degree. However, the
countermeasures with high effectiveness factors may also have high implementation
costs (CAxc, x ∈ X, c ∈ C). Moreover, the application of a countermeasure could
cause an additional delay (T Dxc, x ∈ X, c ∈ C) at a level crossing (see Sect. 3.2 for
details). Therefore, the objectives of MORAP are to minimize the total predicted
number of accidents aswell as tominimize the total delay caused by countermeasures
at the considered level crossings.

Sets

X = {1, . . . , n} set of level crossings (level crossings)
C = {1, . . . ,m} set of countermeasures (countermeasures)
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Decision Variable

zxc ∈ B∀x ∈ X, c ∈ C = 1 if countermeasure c is applied at level crossing x (=0
otherwise)

Parameters

n ∈ N number of level crossings (level crossings)
m ∈ N number of considered countermeasures (countermea-

sures)
PAx ∈ R

+∀x ∈ X predicted number of accidents at level crossing x
(accidents)

pxc ∈ B∀x ∈ X, c ∈ C =1 if countermeasure c can be potentially applied at
level crossing x (=0 otherwise)

EFxc ∈ R
+∀x ∈ X, c ∈ C effectiveness factor for countermeasure c when

applied at level crossing x (effectiveness factor)
CAxc ∈ R

+∀x ∈ X, c ∈ c cost of implementing countermeasure c at level
crossing x (USD)

T Dxc ∈ R
+∀x ∈ X, c ∈ C total delay caused by countermeasure c at level

crossing x (seconds)
T AB ∈ R

+ total available budget (USD)

Multi-Objective Resource Allocation Problem (MORAP):

min F1 =
∑

x∈X

[
1 −

∑

c∈C
(EFxc · zxc)

]
· PAx (1)

min F2 =
∑

x∈X

∑

c∈C
T Dxc · zxc (2)

Subject to:

∑

c∈C
zxc ≤ 1∀x ∈ X (3)

zxc ≤ pxc∀x ∈ X, c ∈ C (4)

∑

x∈X

∑

c∈C
C Axc · zxc ≤ T AB (5)

n,m ∈ N (6)

zxc, pxc ∈ B∀x ∈ X, c ∈ C (7)
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PAx , EFxc,CAxc, T Dxc, T AB ∈ R
+∀x ∈ X, c ∈ C (8)

The objective function (1) aims to minimize the total predicted number of acci-
dents at the considered level crossings, while the objective function (2) aims to
minimize the total delay caused by countermeasures at the considered level cross-
ings. Note that the objective function (1) and the objective function (2) will be
further referred to as F1 and F2, respectively. Constraint set (3) implies that at most
one countermeasure can be applied at a considered level crossing. Constraint set
(4) ensures feasibility of applying countermeasures at level crossings (e.g., certain
countermeasures cannot be applied at particular level crossings depending on certain
physical and/or operational restrictions). Constraint set (5) guarantees that the total
implementation cost of the adopted countermeasures at the selected level crossings is
within the total available budget. Constraint sets (6) through (8) define the nature of
the decision variable and different parameters of MORAP. A schematic illustration
of the proposedMORAP framework is presented in Fig. 2. It can be observed that the
estimation of predicted number of accidents at the considered level crossings and the
estimation of highway traffic delays at the considered level crossings are the major
steps. Different approaches for the estimation of predicted number of accidents at
level crossings as well as different approaches for the estimation of highway traffic
delays at level crossings are described in the following sections of the chapter.

3.1 Methods for quantifying the number of accidents at level
crossings

Several methods can be adopted to predict the number of accidents at level crossings,
including accident prediction models and advanced statistical models, which are
highlighted in this section.

3.1.1 Accident prediction models

Different state DOTs in the U.S. have used a variety of accident prediction models,
which include: (i) the Coleman-Stewart Model; (ii) the Iowa Accident Prediction
Formula; (iii) the Jaqua Formula; (iv) the NCHRP Report 50 Accident Prediction
Formula; (v) the Peabody-DimmickFormula; and (vi) theU.S.DOTAccident Predic-
tion Formula (Faghri and Demetsky 1986; Elzohairy and Benekohal 2000; U.S. DOT
2019; Chadwick et al. 2014; Pasha et al. 2020; Abioye et al. 2020). Among these
accident prediction models, the Coleman-Stewart Model, the NCHRP Report 50
Accident Prediction Formula, the Peabody-Dimmick Formula, and the U.S. DOT
Accident Prediction Formula have received national recognition in the U.S. On the
other hand, the Iowa Accident Prediction Formula and the Jaqua Formula have been
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Fig. 2 A schematic illustration of the proposed MORAP framework

usedby the IowaDOTand theOregonDOT, respectively. Someof the aforementioned
accident prediction models are presented below.

Coleman-Stewart Model

The Coleman-Stewart Model considers level crossings with similar features (e.g.,
highway and railway traffic volumes, location, number of tracks, existing protection)
to be in a group. The Coleman-Stewart Accident Prediction Model can be expressed
as follows (Faghri and Demetsky 1986; Elzohairy and Benekohal 2000):

log10 A = B0 + B1 · log10 C + B2 · log10 T + B3 · (
log10 T

)2
(9)

where:
A = average number of accidents per level crossing per year;
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C = average number of vehicles per day (= 0.5 if C = 0);
T = average number of trains per day (= 0.5 if T = 0);
B0, B1, B2, and B3 = coefficients of the accident prediction equation (see Table
1).

Jaqua Formula

In order to predict the number of accidents, the Jaqua Formula uses a hazard rating,
which depends on the angle of intersection, approach grade, curvature of the highway,
existence of entrances and exits to streets, number of blind quadrants, number of
lanes, number of tracks, speed of vehicles and trains, and street intersections near a
level crossing. A protection factor is also used, which is influenced by the type of
existing protection and location (urban/rural classification). The Jaqua Formula can
be expressed as follows (Elzohairy and Benekohal 2000; Abioye et al. 2020):

ACC5 = A · B · C
1610

(10)

A =
n∑

i=1

Ti

((
Ci · V
3 · Si

)
+ V

)
(11)

where:
ACC5 = accident prediction for the next five years;
A = exposure factor;
n = number of train types;
Ti = number of trains of type i ;
Ci = number of cars in a train of type i ;
Si = speed of a train of type i ;
V = AADT;
B = hazard rating, which is estimated based on the number of blind quadrants,
number of tracks, speed of vehicles and trains, angle of intersection, number of
lanes, approach grade, curvature of the highway, existence of entrances and exits
to streets and street intersections near the level crossing;
C = protection factor, which is estimated based on the location type (rural or
urban) and the existing warning device type.

NCHRP Report 50 Accident Prediction Formula

TheNCHRPReport 50Accident PredictionFormula predicts the number of accidents
at a level crossing based on a 10-year AADT, number of trains per day, existing
protection, and location (urban/rural classification). TheNCHRPReport 50Accident
Prediction Formula can be expressed as follows (Elzohairy and Benekohal 2000;
Chadwick et al. 2014; Abioye et al. 2020):

Number of accidents per year = A · B · T (12)
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where:
A = factor based on the current amount of highway vehicles per day (see Fig. 3);
B = factor based on the existing protection and urban/rural classification (see
Fig. 4);
T = current amount of trains per day.

Accident prediction models use a set of explanatory or independent variables to
predict the number of accidents at a level crossing. Table 2 lists the explanatory
variables of the accident prediction models that are commonly used by different
state DOTs. Some of the common explanatory variables are the highway and railway
traffic volumes that define the expose of a given level crossing to highway and
railway traffic, existing protection (i.e., types of warning devices installed at a level

Fig. 3 The “A” factor values for highway vehicles per day based on a 10-year AADT

Fig. 4 The “B” factor values for existing protection
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Table 2 Explanatory variables of different accident prediction models

Accident prediction model Explanatory variables

Coleman-Stewart model Existing protection; Location; Number of
tracks; Trains per day; Vehicles per day

Iowa accident prediction formula Accident history; Daylight thru trains per day;
Existing protection; Highway pavement type;
Number of tracks; Number of traffic lanes;
Time of day; Train speed; Trains per day;
Vehicles per day

Jaqua formula Angle of crossing; Approach gradient; Existing
protection; Highway vehicular speed;
Location; Number of cars in a train; Number of
tracks; Number of traffic lanes; Sight distance;
Other highway geometrics; Train speed; Trains
per day; Type of train; Vehicles per day

NCHRP Report 50 accident prediction formula Existing protection; Location; Trains per day;
Vehicles per day

Peabody-Dimmick formula Existing protection; Trains per day; Vehicles
per day

U.S. DOT accident prediction formula Accident history; Daylight thru trains per day;
Existing protection; Highway pavement type;
Location; Number of tracks; Number of traffic
lanes; Train speed; Trains per day; Vehicles per
day

crossing), location (i.e., urban designation or rural designation), number of tracks,
etc. Only the Iowa Accident Prediction Formula and the U.S. DOT Accident Predic-
tion Formula directly account for the accident history. The number of traffic lanes
is used by the Iowa Accident Prediction Formula, the Jaqua Formula, and the U.S.
DOT Accident Prediction Formula in order to estimate the expected number of acci-
dents at a given level crossing. Furthermore, the Jaqua Formula considers different
highway geometric characteristics (e.g.., angle of crossing, approach gradient) and
sight distance as well.

3.1.2 Advanced Statistical Models

In addition to the specific accident prediction models, different advanced statistical
models can be used for accident prediction at level crossings. These models include:
(1) the Poisson model; (2) the negative binomial model; (3) the gamma model; (4)
the Conway-Maxwell-Poisson model; (5) the zero-inflated Poisson model; (6) the
zero-inflated negative binomial model; and others (Lord et al. 2005; Shmueli et al.
2005; Oh et al. 2006; Cameron and Trivedi 2013; Lu and Tolliver 2016; Greene
2018; Washington et al. 2020). Such models can use the same explanatory variables,
which are used by the accident prediction models employed by different state DOTs
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(i.e., highway and railway traffic volumes, existing protection, location, number of
tracks, train speed, etc.). These advanced statistical models attempt to fit the observed
accident data to the expected accident data by minimizing the difference between
them (or the error term). When the average number of accidents is approximately
equal to the accident variance over a given time period, the Poisson model can be
used for quantifying the expected number of accidents.

When the variance is higher than the mean (i.e., over-dispersed accident data),
which is more commonly observed in practice at level crossings, the negative bino-
mial model is a popular advanced statistical model (Lord et al. 2005; Oh et al.
2006; Washington et al. 2020). In case of under-dispersed accident data (i.e., the
mean number of accidents is higher than the variance in the number of accidents),
the gamma model can be applied (Oh et al. 2006; Cameron and Trivedi 2013).
The Conway-Maxwell-Poisson model can handle both over-dispersed and under-
dispersed accident data (Shmueli et al. 2005; Lu and Tolliver 2016). Zero-inflated
models (e.g., zero-inflated Poisson model, zero-inflated negative binomial model)
can be particularly useful if the accident data has many zero values (Lord et al. 2005;
Washington et al. 2020). Zero-inflated models offer better performance in such cases
than the Poisson model or the negative binomial model, even though they raise some
theoretical concerns. The theoretical concerns stem from the fact that the excess
zeroes may result from a high level of heterogeneity in accident data, not from the
presence of somevirtually safe level crossings (Lord et al. 2005;Oh et al. 2006). Some
of these advanced statistical models possess significant explanatory capabilities due
to the potential of comprising a large number of explanatory variables. However,
the state DOTs in the U.S. typically do not use these advanced statistical models for
accident prediction at level crossings because of implementation difficulties.

3.2 Methods for Quantifying Delays at Level Crossings

The presence of a level crossing generally causes delays to the associated highway
traffic. These delays can occur from stopping highway traffic until a train passes a
level crossing, presence of different warning devices at a level crossing, and other
reasons. Moreover, additional safety measures are sometimes taken at/near level
crossings to prevent accidents, such as traffic signal preemption near level cross-
ings. Preemption refers the situation when the traffic signal control equipment is
interconnected with the adjacent level crossing signal control equipment, and the
normal traffic signal control operations at the intersection should be preempted in
order to operate in a special mode in case of an approaching train (i.e., prevent vehi-
cles from driving in the direction of an approaching train). In the preemption mode,
only traffic movements that do not conflict with the railway movements are allowed.
The Institute of Transportation Engineers (ITE) has provided some recommenda-
tions regarding traffic signal preemption near level crossings (ITE 2006). According
to ITE (2006), traffic signal preemption could be beneficial if a level crossing is in
proximity to a highway intersection. In particular, traffic signals on highways should
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be interconnected with active warning devices, installed at level crossings, in case
of the following scenarios: (1) traffic queues from a level crossing proceed toward
a highway intersection; and (2) traffic queues from a highway intersection proceed
toward a level crossing.

According to the Manual on Uniform Traffic Control Devices (MUTCD), the
distance between signalized highway intersections and level crossings with active
warning devices should be more than 200 ft, when some form of coordination (e.g.,
activation of variablemessage signs, omission of signal phases in case of queue detec-
tion) is existent (ITE 2006). In such a case, the 95th percentile queue length should
not exceed a signalized intersection or a level crossing. If traffic queues from a level
crossing proceed toward a highway intersection (i.e., the vehicles approach the signal-
ized highway intersection from the railway tracks), the 95th percentile queue length
(L—ft) can be estimated from the following equationwhen the volume/capacity ratio
of a signalized intersection (v/c) is less than 0.9 (ITE 2006):

L = (2qr)(1 + p)(25) (13)

where:
q = vehicle flow rate (vehicles/lane/second);
r = sum of red time and yellow time (i.e., effective red time) (seconds);
p = proportion of heavy vehicles in decimal points;
25 = sum of a passenger car’s length and space between consecutive vehicles
(i.e., effective length of a passenger car) (ft);
2 = a random arrival factor.

When the volume/capacity ratio of a signalized intersection is between 0.9 and
1.0, the following equations can be used to estimate the 95th percentile queue length
(ITE 2006):

L = (2qr + �x)(1 + p)(25) (14)

�x = 100(v/c − 0.9) (15)

If traffic queues from a highway intersection proceed toward a level crossing (i.e.,
the vehicles approach the railway tracks from the signalized highway intersection),
the 95th percentile queue length can also be estimated with Eqs. (13)-(15). Note that
the vehicle flow rate (q) should then include both thru traffic and left/right turning
traffic. Moreover, in case the traffic queues should be estimated from a highway
intersection toward a level crossing, the symbol “r” would denote the effective time
during which a train would block a level crossing. The effective time during which
a train would block a level crossing (r ) can be estimated as follows (ITE 2006):

r = 35 + l

1.47S
(16)
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where:
l = train length (ft);
S = train speed (mph);
35 = the amount of time during which the level crossing is blocked by gates
(about 25 s before a train enters the level crossing and 10 s after the train clears
the level crossing) (seconds).

The queue lengths mentioned above would add delays at level crossings. The
methodologies to quantify delays (in seconds or other time units) from queue lengths
might vary for different regions. In the U.S., the recommendations that are provided
by the U.S. Department of Transportation (U.S. DOT) could be applied. As high-
lighted in Eq. (16), warning devices could add delays at a level crossing. For instance,
MUTCD recommends a minimum time of 20 s for activation of warning devices
before arrival of a thru train at a level crossing (ITE 2006; U.S. DOT 2019). Further-
more, the American Railway Engineering and Maintenance-of-Way Association
(AREMA) Communications and Signal Manual requires the minimumwarning time
for activation of warning devices before arrival of a thru train at a level crossing to
be the sum of the minimum time before a train enters a level crossing (20 s) and the
clearance time (AREMA2004). The clearance time is 1 s for every 10 ft of additional
level crossing length (i.e., the minimum track clearance distance) exceeding 35 ft
plus the additional gate delay time, exit gate clearance time, and adjacent track clear-
ance time (ITE 2006; U.S. DOT 2019). If required, AREMA (2004) recommends the
addition of equipment response time (for variations in equipment response), buffer
time (for variations in handling of trains), and advance preemption time (added by the
public agency). Furthermore, the clearance time may differ from one level crossing
to another and can be adjusted as needed by the appropriate agencies (ITE 2006).

The delays caused by different warning devices are generally expected to vary.
In case of automatic gates, for example, a minimum of 3 s is required by gate arms
to start moving toward their horizontal position after flashing lights start operation,
indicating eventual train arrivals (ITE2006;U.S.DOT2019). Thegate armsgenerally
reach their horizontal position within 8 to 12 s, and that must be done at least 5 s
before a train arrives (ITE 2006; U.S. DOT 2019). After a train clears the level
crossing, a maximum of 12 s is required by gate arms to reach their vertical position
(U.S. DOT 2019). Then, the flashing lights and the lights on the gate arms would
stop operation. Furthermore, wayside horns are required to sound at least 15 s before
a train’s arrival at a level crossing. Moreover, wayside horns should account for the
delay of 3–5 s before sounding after flashing lights start operation (U.S. DOT 2019).

4 Solution Approaches for Multi-Objective Resource
Allocation

Unlike single-objective optimization models, which have only one optimal solution,
multi-objective optimization models do not have a single solution that holds the best
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values for all the objective functions. In particular, theMORAPmathematical model
has two objective functions, which are conflicting in nature. Obtaining the best value
for one objective function will lead to a worse value for the other objective function.
The application of a certain set of countermeasures may minimize the total predicted
number of accidents at the considered level crossings (i.e., the best value of F1), but
such a decision could result in significant traffic delays (i.e., the worst value of F2).
On the contrary, the application of another set of countermeasures may minimize
the total delay (i.e., the best value of F2), but these countermeasures would not be
able to achieve the optimal safety performance (i.e., the worst value of F1). Hence,
multi-objective optimization models with conflicting objectives, such as MORAP,
have a set of optimal solutions (i.e., a Pareto Front [PF]), rather than a single optimal
solution. Note that a PF denotes a set of non-dominant solutions, and so, improving
an objective function without worsening the others is not possible in such a case
(Dulebenets et al. 2020b). The analysis of tradeoffs between conflicting objectives
using PFs could be very effective for multi-objective optimization.

A hypothetical example, which shows tradeoffs between the conflicting objectives
using a PF, is illustrated in Fig. 5. In this example, the PF has a total of 5 optimal
solutions for the MORAP mathematical model. Each of these optimal solutions,
belonging to the considered PF, represents a resource allocation decision for the
considered level crossings. Here, PF point “1” and PF point “5” can be referred to
as corner PF points. Corner PF point “1” has the best value of F2 (total delay =
500 s) and the worst value of F1 (total predicted number of accidents = 75). On the
contrary, the resource allocation decision, represented by corner PF point “5”, has
the best value of F1 (total predicted number of accidents = 45) and the worst value
of F2 (total delay = 3500 s).

Fig. 5 Application of Pareto
Fronts in multi-objective
resource allocation
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Thus, from this example, it is clear that the best value of F1 yields the worst value
of F2 and vice versa. In other words, minimizing the predicted number of accidents
only at the considered level crossings will increase the total delay, and minimizing
the total delay only will increase the total predicted number of accidents. In such a
case, the solution approaches that are specifically designed for the multi-objective
optimization models with conflicting objectives have to be applied. Such solution
approaches, which analyze the tradeoffs between conflicting objectives, will account
for the fact that PF points “2”, “3”, and “4” do not have the worst values of either of
the objective functions. For instance, the resource allocation decision, represented
by PF point “3”, reduces the total predicted number of accidents (i.e., the value of
F1) by (75–55)/75= 26.67%, as compared to corner PF point “1”. At the same time,
it reduces the total delay (i.e., the value of F2) by (3500–1500)/3500 = 57.14%, as
compared to corner PF point “5”. Such PF solutions that compromise the conflicting
objectives can be viewed asmore preferential by the relevant stakeholders rather than
selecting the radical solutions, which are represented by PF point “1” and PF point
“5”. The multi-objective optimization solution approaches that can be applied for the
multi-objective resource allocation problem, including exact optimization methods
and approximate optimization methods, are discussed in the following sections.

4.1 Exact Optimization Methods

Multi-objective optimization models with PFs can be handled with several exact
optimization methods, such as the ε-constraint method, augmented ε-constraint
method, lexicographic ordering, multi-objective branch-and-bound, and others. The
ε-constraint method, which is considered as one of the common exact optimiza-
tion methods for multi-objective optimization models, is described in this section
(Dulebenets 2018).

In case of multi-objective optimization models with two minimization objective
functions, the ε-constraint method constructs PFs by minimizing only one objective
function while setting an upper bound on the other. Let’s consider a theoretical
example, where the ε-constraint method tackles the MORAP mathematical model.
This example is illustrated in Fig. 6. In step 1, the corner PF points, corresponding to
the best values of the objective functions F1 and F2 are determined. Corner PF point[
F∗

1; F2
(
F∗

1

)]
represents the solution where F1 is minimized (i.e., F∗

1) and an upper
bound ε2 is set on F2 (see theMORAP-1mathematical model for details). Similarly,
corner PF point

[
F1

(
F∗

2

); F∗
2

]
represents the solution where F2 is minimized (i.e.,

F∗
2) and an upper bound ε1 is set on F1 (see theMORAP-2mathematical model for

details). Note thatMORAP-1 andMORAP-2 aremixed-integer linear programming
models and can be solved to the global optimality with commercial mixed-integer
linear programming solvers, such as CPLEX, GUROBI, MOSEK, etc.

MORAP-1:
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Fig. 6 Construction of Pareto Fronts with the ε-constraint method

min F1 =
∑

x∈X

[
1 −

∑

c∈C
(EFxc · zxc)

]
· PAx (17)

Subject to:

Constraint sets (3)-(8)

F2 =
∑

x∈X

∑

c∈C
T Dxc · zxc (18)

F2 ≤ ε2 (19)

MORAP-2:

min F2 =
∑

x∈X

∑

c∈C
T Dxc · zxc (20)

Subject to:

Constraint sets (3)-(8)

F1 =
∑

x∈X

[
1 −

∑

c∈C
(EFxc · zxc)

]
· PAx (21)
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F1 ≤ ε1 (22)

In step 2, the upper bound interval for F1(ε) is set using the following equation:

ε = F1
(
F∗

2

) − F∗
1

ND
PF − NC

PF

(23)

where:
ND

PF = desired number of PF points;
NC

PF = number of corner PF points.

In step 3, the initial upper bound on F1 is set to F∗
1, and construction of the PF is

started from F∗
1(i.e., corner PF point

[
F∗

1; F2
(
F∗

1

)]
is appended to the PF). In step

4, the upper bound on F1 is increased by ε. In step 5, the MORAP-2 mathematical
model is solvedwith the updated upper bound on F1, and a newPF point is generated.
In step 6, the new PF point is appended to the PF. Steps 4–6 are repeated until the
number of newly generated PF points is ND

PF − 1. Once the repetitions are over, the
desired number of PF points (ND

PF ) is reached, as corner PF point
[
F1

(
F∗

2

); F∗
2

]

will be the last PF point. Note that a large number of PF points would improve the
solution quality (i.e., will allow a more effective analysis of the tradeoffs between
conflicting objectives) but would simultaneously increase the computational time
required to solve the MORAP mathematical model.

4.2 Approximate Optimization Methods

Typical mathematical models, used for resource allocation among level crossings,
can be reduced to the knapsack problem. The knapsack problem is one of the most-
studied problems in operations research. The knapsack problem assumes that there is
a knapsack with a restricted capacity (i.e., it cannot carry more weight than a partic-
ular threshold). In the meantime, there is a series of items with different weights
that have different values. The objective of a decision maker is to select the items
to be placed in the knapsack and to maximize the total value of the items placed,
making sure that the knapsack capacity constraint will be satisfied (Dulebenets et al.
2020a). The resource allocation problems for level crossings have similarities with
the knapsack problem. An example of a resource allocation problem for level cross-
ings is illustrated in Fig. 7. It can be observed that there is a set of level crossings that
are considered for upgrading. Furthermore, there is a set of candidate countermea-
sureswith different attributes (i.e., these countermeasures have different effectiveness
factors and implementation costs). The objective of a decision maker is to select the
appropriate countermeasures to minimize the total predicted number of accidents
at level crossings, considering a limited budget. Multi-objective resource allocation
problems (e.g., MORAP) are particularly similar to the multi-objective knapsack
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Set of Level Crossings

Stop Sign Crossbuck Photo Enforcement Wayside Horn Flashing Lights + Gate

? ? ? ? ?

Set of Countermeasures

Fig. 7 An instance of the knapsack problem

problem. In such cases, the solution that minimizes only one objective function may
not be the best solution for the overall problem. Thus, a set of solutions should be
evaluated, considering the tradeoffs between different objective functions.

Resource allocation models for level crossings are generically non-deterministic
polynomial time complete (NP-complete), like the knapsack problem. Note that NP-
complete problems cannot be solved in polynomial time, but their solutions can be
verified in polynomial time (Van Leeuwen 1990). In addition to exact optimization
methods,whichmay require impractical computational times, approximate optimiza-
tion methods (e.g., metaheuristics, heuristics) may be applied to obtain good-quality
solutions for the knapsack problem or resource allocation models within a reason-
able amount of time. Metaheuristic algorithms can be applied to a wide variety of
problems. Moreover, they generally explore the search space more efficiently than
heuristic algorithms, which are generally problem-specific (Eiben and Smith 2015).
Severalmetaheuristic algorithmshave beendeveloped to solve the knapsackproblem,
and they might be adjusted to solve the resource allocation models for level cross-
ings. For example, one of the pioneering studies byDrexl (1988) underscored that the
multi-constraint 0–1 knapsack problem was non-deterministic polynomial time hard
(NP-hard); therefore, obtaining optimal solutions was unlikely. Hence, a Simulated
Annealing metaheuristic was proposed. NP-hard problems (like some variants of the
knapsack problem) have higher computational complexity than NP-complete prob-
lems and require the development of efficient heuristics or metaheuristics (Kavoosi
et al. 2019; Kavoosi et al. 2020b). Dueck and Scheuer (1990) proposed a Threshold
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Acceptingmetaheuristic, which is a deterministic version of the SimulatedAnnealing
metaheuristic.

Dammeyer and Voß (1993) presented a dynamic Tabu List management strategy,
which was named as the reverse elimination method. The study also provided impor-
tant directions to improve the computational effort of the proposed methodology.
Khuri et al. (1994) was one of the early studies that first developed a Genetic Algo-
rithm for the 0–1 multiple knapsack problem. In the proposed Genetic Algorithm,
the fitness function penalized infeasible solutions in order to adequately capture the
problem features. Battiti and Tecchiolli (1992) and Ohlsson et al. (1993) employed
neural networks to solve the knapsack problem. It was revealed that neural networks
had a tendency to return the final solutions that violated some of the constraints
of the mathematical model. The aforementioned studies primarily addressed the
single-objective knapsack problems. In case of multi-objective extensions (similar
to the MORAP mathematical model that was formulated in Sect. 3), a number of
multi-objective metaheuristic algorithms can be applied, including the following: (1)
Multi-Objective Genetic Algorithm (MOGA); (2) Non-dominated Sorting Genetic
Algorithm (NSGA); (3)Non-dominatedSortingGeneticAlgorithm II (NSGA-II); (4)
Niched-Pareto Genetic Algorithm (NPGA); (5) Pareto Archived Evolution Strategy
(PAES); (6) Strength Pareto Evolutionary Algorithm (SPEA); (7) Multi-Objective
Particle Swarm Optimization (MOPSO); (8) Multi-Objective Simulated Annealing
(MOSA); and others.

5 Discussion

The state DOTs across the U.S. are responsible for safety of rail and highway trav-
elers at level crossings. Implementation of various countermeasures is considered
as one of the common approaches to improve level crossing safety and reduce the
number of potential collisions between highway vehicles and trains. However, the
state DOTs have to be also cognizant of potential delays that can be caused due to
installation of new warning devices at level crossings. In fact, installation of new
warning devices at level crossings may lead to disruption of passenger flows along
with freight flows. In order to compromise safety goals and traffic continuity goals,
this study proposed a novel optimization model for multi-objective resource alloca-
tion among level crossings. The developed optimization model not only minimizes
the total predicted number of accidents but also minimizes the total delay caused
by countermeasures at the considered level crossings. The proposed multi-objective
resource allocation model can be easily implemented by the state DOTs. In partic-
ular, some of the well-established methods can be adopted to quantify the predicted
number of accidents at level crossings (such as the Coleman-Stewart Model, the
NCHRP Report 50 Accident Prediction Formula, and the Jaqua Formula).

Furthermore, the recommendations that are provided by the Institute of
Transportation Engineers, the Manual on Uniform Traffic Control Devices, the
U.S. Department of Transportation, and the American Railway Engineering and
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Maintenance-of-Way Association can assist with quantification of traffic delays due
to implementation of various countermeasures at level crossings. The scope of this
study also included a complexity analysis of the proposed multi-objective resource
allocation model. Since the developed optimization model has a lot of similarities
with the knapsack problem, this study recommends application of heuristics or meta-
heuristic algorithms to find solutions effectively in a reasonable computational time.
In summary, the multi-objective resource allocation framework proposed herein can
be instrumental for different stakeholders (not only for the state DOTs) that are
concerned with operational challenges at level crossings in the U.S. and other coun-
tries as well. The proposed methodology would assist these stakeholders with selec-
tion of the appropriate countermeasures for the considered group of level crossings
that will provide a desirable (or close to desirable) level of safety without causing a
substantial increase in highway traffic delays.

6 Concluding Remarks

Rail transportation is a significant contributor to the U.S. economy. The magnitude
of rail transportation has been increasing with time, so has the number of accidents at
level crossings. Level crossing accidents result in numerous losses of lives, injuries
to victims, and damages to property. The number of accidents at level crossings
should be reduced, and the application of various countermeasures (e.g., warning
devices) is one of the most popular approaches to do so. However, the installation
of countermeasures at each of the level crossings in the U.S. is not feasible with
the annual budget for safety improvement projects at level crossings. Since each
countermeasure has a unique level of effectiveness and installation cost, a choice
of the countermeasures should be examined for each of the level crossings under
consideration. Furthermore, the application of countermeasures can cause additional
delays to the associated highway traffic, which can lead to negative economic impli-
cations. Hence, consideration of highway traffic delays caused by countermeasures
at level crossings should also be made. The aforementioned challenges in selec-
tion of the appropriate countermeasures for level crossings can be addressed by
multi-objective resource allocation methodologies, which can analyze the trade-
offs between conflicting objectives. Therefore, a framework for the multi-objective
resource allocation problem (MORAP) and safety improvement projects at level
crossings was presented in this chapter. The proposed model aimed to minimize the
total predicted number of accidents as well as to minimize the total delay caused by
countermeasures at the considered level crossings.

A number of different methods that could be used for accident prediction at level
crossings were discussed, including the Coleman-Stewart Model, the Iowa Accident
Prediction Formula, the Jaqua Formula, the NCHRP Report 50 Accident Prediction
Formula, the Peabody-Dimmick Formula, and the U.S. DOT Accident Prediction
Formula. Furthermore, some advanced statistical models for accident prediction
at level crossings were discussed as well (such as the negative binomial model,
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the Poisson model, the Conway-Maxwell-Poisson model, the gamma model, the
zero-inflated Poisson model, and the zero-inflated negative binomial model). The
present study also provided a description of common methods that can be used to
quantify the traffic queues at level crossings and measuring the associated traffic
delays. Furthermore, this chapter reviewed a set of solution methods that could be
applied for multi-objective resource allocation problems, including exact optimiza-
tion methods (e.g., the ε-constraint method) and approximate optimization methods
(different types of metaheuristics, including Multi-Objective Genetic Algorithm,
Non-dominated Sorting Genetic Algorithm, Non-dominated Sorting Genetic Algo-
rithm II, Strength Pareto Evolutionary Algorithm, Multi-Objective Particle Swarm
Optimization, Multi-Objective Simulated Annealing, and others).

Future research on multi-objective resource allocation among level crossings
could progress in the following directions:

• Develop region-specific accident and hazard prediction models to assess safety
of level crossings;

• Design simulation models the can emulate collisions between trains and highway
vehicles at level crossings;

• Consider highway user compliance for different countermeasures (some level
crossing users might drive around the gates that are in a horizontal position due
to an approaching train);

• Apply automated camera enforcements in human studies to accurately examine
highway user compliance;

• Incorporate the expert and stakeholder opinions in the development of multi-
objective resource allocation models;

• Allow the mathematical model to apply multiple countermeasures at a level
crossing;

• Assess the effectiveness of countermeasures for different types of accidents;
• Integrateminimization of negative environmental impacts from applying different

countermeasures (e.g., excessive harmful gas emissions due to long wait times)
as an objective function;

• Develop advanced solution methodologies for multi-objective resource allocation
models;

• Collect the required data and apply the proposed multi-objective resource
allocation model for level crossings in a particular region.
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Abstract Due to climate change, more sustainable passenger and freight transport
is in need. Rail is considered a more sustainable mode of transport compared to
others such as road transport. Usage of rail lines that are currently under-utilised
could help increase the sustainability of transport through enhanced utilisation of
them. This study looks at the Marston Vale Line, identifying it as under-utilised, and
through the use of event-based simulation modelling, observes the current utilisation
level and develops ways in which the spare capacity can be utilised, with more
passenger services, as well as local rail freight, which is identified as a potential
use of spare capacity on the Marston Vale Line. Possible local freight that can be
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passenger services in varying levels, in five different scenarios, which are evaluated
to propose the best workable option for the Marston Vale Line, with journey time
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1 Introduction

1.1 Motivation

The need for more environmentally friendly transport; of both goods and passengers,
is becoming increasingly relevant in recent times. Given that rail transport is seen as
being more environmentally friendly than alternatives such as road transport, fully
utilising rail lines that are currently under-utilised would help reduce the need for
other forms of transport which are less environmentally friendly. At the same time,
having an asset such as a rail line under-utilised leaves a gap for further revenue for
the owner, in this case, being Network Rail (2020a, b, c). The Marston Vale Line
being studied is a local rail line, which only has around 1 passenger train per hour
(TPH) in each direction (Network Rail 2020a, b, c), with some freight services as
well. Therefore, the line could be further utilised to transport more freight, as well
as more passengers, in a more environmentally friendly way, particularly as 1TPH
is inflexible for passengers using the line as an alternative to the car.

However, as illustrated by Givoni et al. (2009), the extent to how green rail trans-
port is, as a whole, is not such a positive factor, as Givoni et al. (2009) identified that
the least environmentally friendly trains polluted similar emissions to aeroplanes on
the same routes. The Marston Vale Line is not electrified, and the passenger services
on theMarston Vale Line are run by class 230 trains with diesel generators (Commu-
nity Rail Network 2019), although they have traction motors (Rail magazine 2019).
The class 230 trains are built from old train bodyshells and parts, being almost carbon
neutral to build, and maintenance can be done trackside reducing necessary train
movements for environmental benefit (Vivarai 2020). More of these old converted
London Underground trains (Rail Magazine 2019) could also be converted to trans-
port freight along the Marston Vale Line. This approach of converting old passenger
trains to carry freight is being explored, with a test of roll pallets on a passenger train
to carry parcels (Holden 2020). Some trains are actually being converted to carry
parcels (Briginshaw 2019).

Having the same type of train on the line will help maintain the headway between
trains on the Marston Vale Line as they would all be the same type of train with the
same sectional running times, therefore maximising the potential capacity of the line.
Additional passenger services could also be run by more of these class 230 trains.
This could, therefore, be simply and accurately modelled using simulation software.

Using the class 230 with increased passenger and freight services would therefore
consider and enhance the environmental benefits of rail, helping to provide ‘greener’
transport, especially when considering that presently a regular freight train would
require a heavy diesel locomotive on the non-electrified Marston Vale Line, to pull
the train.
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1.2 Problem Formulation

Besides the approximate 1 passenger train per hour in each direction (Network Rail
2020a, b, c), the line is also used for rail freight, as it is a good connection between
the West Coast Main Line at Bletchley and the Midland Main Line at Bedford. Data
from Real Time Trains (2020) showed that the shortest time between two freight
trains is 36 min apart, on a random weekday, being 27 July 2020. However, there
is a clear problem that the line is being under-utilised. Combining this with the
general problem of the need for more environmentally friendly transport, both of
these problems could, at least, be partially mitigated by increasing the number of
both freight and passenger trains running on the Marston Vale Line.

The current freight services using the line cannot be increased much, if at all,
as they run on beyond either or both ends of the Marston Vale Line and onto the
mainlines which the Marston Vale Line connects (Real Time Trains 2020). At the
Bletchley end of the Marston Vale Line, the West Coast Main Line is at full capacity
(RailTech.com2020) and so cannot accommodate anymore freight trains. According
to Gleave (2013), the Midland Main Line also has a lot of services heading north out
of London St Pancras, which is south of Bedford, and the title of the report itself;
‘Capacity on North–South Main Lines’, suggests there is a capacity problem on the
line. Therefore, local freight could be transported along the Marston Vale Line itself
where there is spare capacity, rather than the current way ofmainly using theMarston
Vale Line as a link route between the two main lines (Real Time Trains 2020).

The line only has a limited number of trains running on it at present, which
is unlikely to experience much of a delay with a resulting increase in journey time,
particularly concerning periods of disruption. However, further utilising the line with
more passenger and freight services could result in journey times increasing due to
congestion with the volume of traffic on the line, which could be exaggerated during
periods of disruption, reducing the reliability of the line. Therefore, the journey times
for all services using the line in this studywill be observedwhen studying the possible
increase in utilisation of the Marston Vale Line, to help maintain the reliability of
the services.

As mentioned in Sect. 1.1, even local rail freight transported along the line would,
at present, require a heavy diesel locomotive to pull the freight train, regardless
of the number of wagons. From an environmental perspective, this would not be
the best way to shift to a more environmentally friendly mode of transport, where
rail’s environmental credentials are less effective, as Givoni et al. (2009) have found.
However, the class 230 train would offer a much more environmentally friendly way
to transport local freight along the route than by alternatives such as road transport.
This confirms that the focus is on a more environmentally friendly way to transport
passengers and freight, and not just a shift from road to rail.
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1.3 Objectives

The objectives of this study are to understand the current utilisation of the Marston
Vale Line and be able to develop and evaluate ways to increase the utilisation, with
additional passenger and freight services, that has a strong positive environmental
benefit,while also being reliable and efficient, however prioritising the environmental
benefit. The use of event-based simulation modelling software will aid in completing
these objectives.

This study looks into simulation modelling to improve utilisation of rail line,
however the particular attention given for the environmentally friendly aspects are
only covered in the theoretical perspective of the use of rolling stock, and the
increased utilisation of the line through more passengers and freight by rail than
alternatives such as road transport.

1.4 Paper Organisation

Section 2 is a literature review on the history of rail operations of freight trains and
current research into increased utilisation of rail lines with additional freight services
using simulation software. Section 3, details of how the Marston Vale Line currently
is simulated using the simulation software, and validated using the December 2019
Timetable. Section 4 then analyses the results of the simulation of the current line.
This gives the actual utilisation of the line at present as data, rather than just obser-
vations of under-utilisation. Section 5 gives a background on freight by rail before
investigating potential freight that could be transported by rail along theMarstonVale
Line. Section 6 describes five different scenarios proposed to increase the utilisation
of theMarston Vale Line with additional passenger and potential rail freight services,
utilising the existing line infrastructure besides additional freight terminals along the
route for the local rail freight. Detail is given on how these different scenarios are
input into the simulation software. Section 7 evaluates the results of the 5 scenarios,
considering the journey time and predicted reliability, as well as utilisation. Section 8
concludes the study and finally Sect. 9 proposes potential future work on this study.

Screenshots of the Simul8 event based simulation modelling software, presented
as figures, are used throughout the study to show how the simulation model was
created using Simul8.

1.5 Presentation and Analysis of the Marston Vale Line

The track layout of the Marston Vale Line is shown in Fig. 1. There are 10 inter-
mediate stations along the line, with single-track sections at Fenny Stratford and at
the end of the line at Bedford. There are only a few cross over sections along the
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Fig. 1 The track layout of the Marston Vale Line (drawn using Google Maps (2020) and
Train_PlaneHub (2015))

double-track section of line, so adding in a siding or loop to one side of the line
as a freight terminal, with minimum investment in additional infrastructure while
also minimising disruption during construction, would be very inflexible for opera-
tions. Therefore, this study will present the new additional freight terminals as being
larger than a simple siding, because of the necessary additional track and point work
required to have any sized terminal. Therefore, for simulation purposes, the terminals
will have infinite capacity, however the exact size of terminals, with factors such as
number of sidings, would be the size to support the freight train services planned,
and possible additional space for future freight services. The modified track layout,
in Fig. 11, shows these terminals, with question marks for possible future expansion
and represent the unknown actual capacity due to having infinite capacity in the
simulation model.

It is therefore clear from Fig. 1, that one passenger train per hour in each direction
fits comfortably onto the Marston Vale Line, however the utilisation of the line as a
whole is something that could be improved upon.

2 Literature Review

2.1 History of Rail Operations and Rail Freight Services

As railway transportation is operated by mainly passenger and only a few freight
services in the UK, according to Haywood (1999), in the post-war era, both market
share and volume of freight by rail has declined. Hence, in the 1960s, the decline
has led to closure of many local freight depots and branch lines being cut by a third.

During the 1990s, the trend of rail freight services seems to continue to decline as,
Stittle (2004) states that since the UK government privatised the railway industry in
1996, the overall result has been a further decline in rail freight traffic, hence fewer rail
freight services. Their explanation is that the rail infrastructure has been transferred
to a private sector infrastructure company, known as Railtrack plc (before being
transferred to the public sector company Network Rail in 2002). This has led to the
introduction of track access charges for privatised train and freight operators which,
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they only paid for the use of rail infrastructure and maintenance costs while services
in operation. Consequently, rail freight operators are more likely to be penalised than
rail passenger operators as, rail freight services tend to be heavier, thus cause more
damage to the rail infrastructure. Hence, Crompton and Jupe (2003) both argue that
the performance of the privatised system in the railway industry has been inefficient.
They concluded that Railtrack attempted to reduce track maintenance, to maximise
profit whilst, Railtrack’s main source of revenue is from track access charge, paid by
train and freight operators. As a result, privatisation has led to its rail infrastructure
to deteriorate which may have discourage rail freight operators from using the rail
infrastructure.

2.2 Case Studies of Simulation in Rail Operations

When investigating a potential implementation of more rail freight as well as poten-
tially increasing passenger services, simulation models and scenarios can be used
to investigate the current and potential utilisation levels of a local railway line. This
has been shown in a study by Potti et al. (2019) as, the study uses simulation models
and scenarios to investigate the utilisation levels of the Cross-City railway line in
the UK, from Lichfield Trent Valley to Birmingham New Street Station. The railway
line from their simulation models appear to be under-utilised, suggesting that there
is not enough rail freight transport operated on the line. Thus, they set up scenarios
such as, providing additional passenger services and implementing rail freight onto
the line, to improve the line’s utilisation levels.

Similarly, in a case study developed by Motraghi and Marinov (2012), they have
developed simulation models and scenarios to analyse the performance of urban
freight by rail, based around aMetro system in Newcastle upon Tyne. Their proposed
ideas in using an existing Metro system, which offers passenger services, to operate
urban freight is innovative. This is because it provides opportunities for businesses
to utilise more the urban freight services by rail, rather than road freight, which
would help to reduce road traffic in Newcastle. From their results, they discovered
that urban freight by Metro is possible as, despite the increase of waiting times, the
utilisation levels of the Metro system have increased, without making significant
changes to the existing system in place. Hence, the benefits of implementing urban
freight onto the existing Metro system is it minimises infrastructure costs. Also, this
helps to improve the economy and the environment in Newcastle as, an additional
option to transport urban freight by Metro, encourages more businesses to utilise rail
freight services, which would evidently help to reduce their carbon footprint. There-
fore, utilisation would help increase sustainable transportation around Newcastle. A
common theme between these two studies is the location of the lines, as both are
urban. The Marston Vale Line, although connecting two towns, is largely a rural
line, and with the proposed local rail freight, appears to differentiate this study from
current research in a more urban setting. It can be identified that there is a trend
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between additional utilisation, which increases the sustainability of transport, and
increased journey time and reduced performance from a time perspective.

Furthermore, Singhania andMarinov (2017) have also used simulationmodels and
scenarios to analyse the utilisation levels of a railway. Their focus has been based
around a railway line section between Edinburgh Waverley and Glasgow Queen
Street, to implement their proposals of increasing the number of freight trains. Thus,
from their results, they revealed that more freight trains can be added along with
the existing passenger trains. Therefore, this indicates there is an increase in rail
utilisation as, their simulation model suggests there is adequate capacity to fit more
freight trains onto its current railway line. This is the proposal with this study of the
Marston Vale Line, that there is adequate capacity to add in additional freight and
passenger services while not impacting the journey time and performance of the line.
Again, this study is focussed in an urban area.

Additionally, in another case study developed by Potti and Marinov (2020), they
have both looked at the utilisation level of the West Midlands Metro using simula-
tion modelling. They found the line to be under-utilised and see potential research
for additional services as well as urban freight. The research into this area has been
focused around urban freight, againwhereas this study differentiates itself by looking
at an under-utilised, local, rural line. This study proposes particular theoretical atten-
tion in its proposals to ensure a more sustainable mode of transport for additional
services rather than their current mode, which current research does not seem to
focus so much on.

3 Simulation Modelling by Using SIMUL8

3.1 Studying the Rail Operations and Asset Utilisation
on the Marston Vale Line

The purpose of the simulation modelling is to examine the rail operations and
asset utilisation to measure and evaluate its efficiency and reliability throughout
the model. In the initial studying of the Marston Vale Line, it is important to inves-
tigate the current passenger service first, before looking at different scenarios such
as; increasing the passenger service patterns, and adding in freight services into the
model.

3.2 Implementation of Simulation Modelling

Before implementing the simulation model to the study of the Marston Vale Line,
it is essential to obtain actual data, such as a passenger timetable, which acts as a
foundation to the model to ensure validity. Thus, the passenger timetable for this
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model is based around the December 2019 Timetable (Network Rail 2020a, b, c).
The simulation model can be created, after obtaining information about the timings
and stations throughout the Marston Vale Line.

3.3 Understanding of SIMUL8

The SIMUL8 software has been used to create the simulationmodel because it allows
to set a specific time for the model to be simulated from start to end, whilst the work
items act as passenger and freight entities to be served throughout the system. After
running themodel, resultswill be generated to determine the utilisation and reliability
of the rail operations on the line at present.

3.4 Clock Properties

In Fig. 2, the simulation model is set to be simulated for 9 h/day from 5:00 to 14:00,
through weekdays from Monday to Friday, as shown in the results collection period
which is set at 1 week. The clock is set at minutes to allow all results to display the
same unit, to ensure consistency to make comparisons with other results. There is no
warm-up period for this model as, the rail operations on the Marston Vale Line for
the passenger and freight services operate after the start time at 5:00 and before the
end time at 14:00 each day on a set timetable.

Fig. 2 Clock set up timings, with results collection period



Study of Sustainable Transport Enhancements … 103

Fig. 3 Simulation model (left), showing the activities and queues, with the track layout design
(right)

3.5 Activities

FromFig. 3, the ‘Activity’modules in SIMUL8 are used across the simulationmodel.
These activities have two types: to simulate the timings for the train to travel and
station dwell times.

The first activity is the journey time between stations, with the accordance of the
December 2019 timetable. The timings are fixed, sectional running times, and they
are calculated by using timetabled time between two departures from the December
2019 Timetable and subtracting 0.5 min (or 30 s) for the station stop.

The second activity is station stops/dwell times. All station stop activities are set
at a fixed dwell time of 0.5 min which allows for trains at each intermediate station to
stop, and allow passengers to board on or off the train, prior to their departure time.

The exception is at Bletchley,where the station stop activity fixed time atBletchley
is set at 0min. The reason for this is because the start point, which is before Bletchley,
is the departure time from Bletchley, however having the activity Bletchley station
stop after the start point has no effect on the timings as it just passes through the
activity, with a working time of 0 min. This is just to show Bletchley as a station
activity in the simulation model.

3.6 Queues

There are queues in between each activity, using the ‘Queue’ modules (see Fig. 3).
The maximum queue capacity is set at one because this allows only one passenger
or freight train to be in one section of track, or block at any one time. The purpose is
to prevent collisions if there is a service blockage in the system, focusing the trains
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to wait at stations. It is therefore similar to a block signalling system, as used in the
UK (The Railway Technical Website 2019).

3.7 Start and End Points

Using the ‘Start Point’ modules. This is where the trains enter the simulation model
and the arrival times for thismodel are set by using a fixed schedule, see Fig. 4. This is
done by creating a spreadsheet, which uses the departure times at Bletchley from the
timetable, as shown in Fig. 5. The trains then run to the same arrival pattern following
the activity times, the sectional running and dwell times at each line section/station
activity.

Using the ‘End Point’ modules. This is where the trains then leave the simulation
model.

Fig. 4 Start point input
before the activity point at
Bletchley
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Fig. 5 Passenger timetable
at the start point, showing the
departure times from
Bletchley

3.8 Using Time Dependent Distribution at the Single-Track
Activity

Looking at the track diagram and using the timetable of the Marston Vale Line,
the sections between Kempston Hardwick, Bedford St Johns and Bedford stations
are situated on single-track, which additional services might use the single track in
different directions at the same time, which cannot happen, as they would conflict.
Even though thismodel is only looking at a single direction, departing fromBletchley,
time distributions need to be created and put into a time dependent distribution to
consider the other direction.

As shown on Fig. 6, the timings are inputted in the activity ‘Single Track (BSJ
to BDM to BSJ to KMH)’ which uses the time dependent distribution. This type
of distribution combines all the time distributions from each passenger service time
using the single line from the timetable, and the timings are all run in a fixed schedule.
Thus, this is calculated by using the timetabled departure times between Kempston
Hardwick (towards Bedford) and return to Kempston Hardwick (towards Bletchley).
This is necessary because it accounts for the trains having to travel through the
single-track section, as well as the dwell time spent at Bedford station, and the return
journey back towards Bletchley through the same single-track section.

4 Analysis of Results on the Current Passenger Service

Based on the December 2019 Timetable of the Marston Vale Line, just looking at the
passenger service, it is expected that the utilisation level is low for the whole model
however, the single-track section is likely to have a higher utilisation level than the
double-track sections as, trains need to pass through the same single-track section
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Fig. 6 Time dependent distribution which combines all fixed distribution timings

from each direction. While the return journey towards Bletchley from Bedford is
being modelled until Kempston Hardwick in the Up Bedford direction, on the double
track sections, the utilisation would not increase fromBletchley bound services, even
if they were modelled in the simulation, as they would use the Up Bedford track.

The results from Table 1 (also shown in a bar chart, see Fig. 7) show the passenger
journey time is consistent, with the average of 65.6 min and the difference of 10 min
between minimum (62.5 min) and maximum (72.5 min). However, despite the
journey time’s consistency, the utilisation levels of the line between stations, see
Table 2, varied from 0.83 to 1.83%, whilst the single-track utilisation level is 9.37%.
This indicates that the line is poorly served with only 1 TPH in each direction, which
explains the low utilisation levels in the double-track sections in between stations.

Table 1 Results of current
passenger service time spent
in the simulation

Statistics Passenger (min)

Minimum 62.50

Average 65.61

Maximum 72.50

Standard deviation 3.86
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Fig. 7 Bar chart showing the percentage of different passenger journey times in the simulation

Table 2 Utilisation levels on
the current passenger service
of each activity point

Activity point Utilisation levels (%)

Woburn sands 0.17

Woburn sands to Aspley Guise 0.83

Aspley Guise 0.17

Aspley Guise to Ridgmont 1.17

Lidlington 0.17

Lidlington to Millbrook 0.83

Stewartby 0.17

Stewartby to Kempston Hardwick 1.17

Single Track (BSJ to BDM to BSJ to
KMH)

9.37

Hence, improvements to the utilisation levels can be implemented through use of
simulation and setting up scenarios, refer to Sect. 6.

5 Rail Freight

5.1 Background of the Rail Freight in the UK

According toWoodburn (2003), the reasoning behind the low utilisation level on rail
is that between the Second World War into the mid-1990s, the UK has experienced
a long period of decline in transporting freight by rail. As a result, this has led to an
increase of road freight because of its flexibility in terms of the routes and timings,
which does not involve following the fixed rail freight timetable. However, with the
concerns of increasing road freight traffic and the environment, rail freight in the UK
could potentially be revived, perhaps implementing rail freight on local rail lines.
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5.2 Potential Local Rail Freight

Since the utilisation level is low on theMarston Vale Line, it provides an opportunity
to implement local rail freight across the line, which would help to improve the
utilisation of the line. Therefore, new freight depots could be constructed, along with
remodelling the line with new junctions to enable freight to enter and exit from the
line.

The potential freight depot locations in this study are chosen to be at Ridgmont and
Millbrook, and freight trains will travel towards the outskirts of Bedford at a Retail
Park. As this study only looks at the one direction from Bletchley to Bedford, addi-
tional freight trainswill only be considered towardsBedford, andwill not consider the
return journeys of the freight trains back to Millbrook and Ridgmont, where further
alterations to the timetable for freight and passenger services may be required to fit
in the return journeys.

The explanation for the freight transported towards Bedford Retail Park Depot is
that the rail freight service avoids using the single-track sections as, it prevents
blockage in the system to ensure the passenger service is not impacted by the
implementation of the rail freight service.

The reason for having a freight depot at Ridgmont is that there is an Amazon
Logistics Fulfillment Centre located in Ridgmont (Courier Locations UK 2018).
Freight trains could transport goods from the fulfilment centre to the village stations
along the line for local collection, reducing the need for road transport for local
delivery, and also into Bedford Retail Park Depot, for serving the town of Bedford,
for local collection, meaning in terms of the logistics from the fulfilment centre to
Amazon’s customer, there would only be the use of rail freight. Meanwhile, before
goods arrive at the Amazon Logistics Fulfillment Centre in Ridgmont, as the site is
very close to theM1, allows for efficient road transportation of goods to the fulfilment
centre in place of where improvements in rail freight utilisation from further afield
are still to come, and so adds potential for future rail freight using this depot for areas
further afield.

For Millbrook, the reason for a freight depot is that there is an energy-from-
waste plant being built, named as ‘Rookery South Energy Recovery Facility’ which
uses solid waste from landfill sites and converts it into electricity (Covanta Holding
Corporation 2019). Freight trains could stop at each station along the Marston Vale
Line, before terminating at Bedford Retail Park Depot, to pick up waste to trans-
port to the Energy Recovery Facility. The energy-from-waste plant can benefit from
rail freight as, it provides much higher capacity to transport solid waste through
connected freight carriers whereas, road freight requires separate freight carriers
which are usually transported by individual tipper trucks. Therefore, this terminal
also adds potential for future rail freight to serve the facility from further afield with
improvements in rail freight.
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6 Development of Scenarios to Improve the Utilisation
of the Rail Line

After observing the results of the current passenger service patterns on the Marston
Vale Line, as opposed to just observations, the utilisation level across the model is
low. Therefore, creating different scenarios to improve the utilisation of the line can
be achieved by adapting the current model, such as the use of labels to separate the
passenger and freight entities, new freight depots for the freight to enter and exit the
system, routing out, and changes to the timetable.

6.1 Labelling and Routing Out

For the scenarios that require freight to be entered into the system, it is important to
assign labels to passenger and freight trains (see Fig. 8), because it allows to control
routing out from an activity, for instance, a passenger label is assigned to continue
travelling on the Marston Vale Line, while a freight label is assigned to branch off
the line and travel towards a freight depot, ready to be unloaded. The label value
is created at the start point for both passenger and freight, with a value of 1 given
to passenger, and a value of 2 given to freight. Also, labels allow activities to input
different timings for both passenger and freight trains. However, in this simulation,
freight trains will follow the same timings as passenger trains, due to being the same

Fig. 8 Labels assigned to passenger and freight
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Fig. 9 Inputting actions data at the passenger start point

type of train, and the need for both to stop at all stations along the route, for either
passengers or freight parcels/waste.

6.2 Actions

For labels to work properly, at the separate start points for passenger and freight, it
essential to ‘add a label to change’ which is applied to ‘Entity Movements’, where
it enters at a start point. Then, the value of the ‘Entity Movements’ is set to a fixed
value which corresponds to either passenger (value 1) or freight (value 2), see Fig. 9.

6.3 Discussion of the Proposed Scenarios

The low utilisation presents an opportunity to create scenarios to look at ways to
increase the utilisation levels from its current passenger servicemodel,whilst keeping
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the journey times consistent. Hence, 5 scenarios (named as ScenarioA,B,C,D andE)
were proposed, in order to improve the utilisation levels. Each scenario encompasses
a varying number of passenger and freight services, which are added as additional
services within the current passenger model.

Firstly, in Scenario A, to improve the utilisation level, increasing the number of
passenger service patterns can be achievable as, it does not require much infrastruc-
ture change to the line but, still relying on the single-track section. The only change
from the current model is by altering the fixed timetable schedule for passenger
service. This is done by increasing the passenger service from 1 to 2TPH, and these
additional train times are determined by calculating the median average between two
currently timetabled departure times, see Fig. 10.

However, in the next four scenarios, therewill be an introduction of freight services
into the model, which departs from two depots, at Millbrook and Ridgmont, and both
terminate at the Bedford Retail Park Depot.

In Scenario B, retaining the same passenger service as present of 1TPH, freight
services (1TPH from both Millbrook and Ridgmont) have been allocated into the
model. From Fig. 11, at stations in Ridgmont and Millbrook, new freight depots are
added as activities, as well as freight start points. These freight trains are transported
towards Bedford Retail Park Depot, requiring the construction of a junction on the
Marston Vale Line which acts as an activity named as ‘Retail Park Junction (no
station)’, allowing freight trains to switch to a branch line towards the freight depot.

Fig. 10 Increased passenger
timetable, showing the
departure times from
Bletchley
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Fig. 11 Revised model (on top), featuring new freight depots into the system, with the proposed
track layout (next). Question marks at the freight depots represent possible future expansion and
represent the unknown actual capacity due to having infinite capacity in the simulation model

As mentioned before about the labels in Sect. 6.1, the timings at the junction are
slightly different between passenger and freight, with timings for sectional running
times obtained and estimated from The Chiltern Trainspotters (2019). An estimated
additional 1 min is required for freight services to slow down when approaching the
junction, to diverge onto the branch line towards Bedford Retail Park Depot. For
passenger services, no additional time is required as the passenger train is ahead of
the freight train and it carries on the line towards Bedford, with the junction having
no effect on it, see Fig. 12. If the other direction was also being modelled, activities
for the junctions to Millbrook and Ridgmont freight depots would also be included,

Fig. 12 Inputting times for each label, where freight (value 2) is set at a fixed value of 1, representing
1 min
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as the freight trains would need to slow down to navigate the junction whereas the
passenger services would continue, resulting in different sectional running times
between passenger and freight trains.

The freight service timetable depends on the passenger’s departure time at the
same station where the depot is located at so, for example, Ridgmont freight service
departure time uses the passenger’s departure time at Ridgmont, and follows the
passenger service with a headway maintained through block/queue and activity
occupation.

Scenario C is similarly to Scenario B however, it focuses on having 2TPH for
passenger service while, retaining the 1TPH for freight service. This means that
this scenario prioritises passenger services as there is currently only 1TPH, with the
freight services in this scenario less focused.

Scenario D aims to increase freight service to 2TPH (from each freight depot)
while, retaining 1TPH for passenger service.

Lastly, Scenario E is the same as Scenario B except, both the passenger and freight
services are increased from 1 to 2 TPH.

7 Results and Evaluation of the Scenarios

7.1 Journey Time

Firstly, the time spent in the simulation will be evaluated to consider the poten-
tial reliability of the additional services, before looking at actual utilisation levels.
Freight train services’ journey times will be less of a priority than passenger trains,
as passenger trains have priority on the UK railway. The time factor is less crucial to
within minutes for freight services, although dependability would still be required.

It seems that the journey times across the 5 scenarios are somewhat consistent,
which is important for the passenger services to operate reliably. However, in some
scenarios, namely in Scenarios A, C and E, the passenger service has a longer time
spent in the simulation, which suggests there is some delays or blockages in the
system, see Table 3 for the detailed results.

From the scenarios, it seems that the freight service does not impact the passenger
service despite having to slow down at the junction to change towards Bedford Retail
Park Depot. However, it suggests that the increase from 1 to 2 TPH for passenger
services, combined with any freight services, has an impact on passenger services’
time spent in the simulation.

When comparing Scenarios B and E, Scenario E has a higher standard deviation
of passenger and freight service time spent in the system than Scenario B. Thismeans
that the more passenger and freight services on the line, there is an increase in chance
of service delays hence, making the service less reliable.

In terms of its time spent in the simulation, including running freight services,
Scenario D would be the most desirable because since the Marston Vale Line is not
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fully a double-track railway, the single-track sections limit the number of passenger
trains, and increasing the passenger service is likely to cause delays (as seen in
Scenarios A, C and E in Table 3), especially when there are service disruptions, such
as signalling problem and train faults. Therefore, the single-track at Bedford is a
bottleneck on the Marston Vale Line from significantly increasing capacity which is
possible on most of the rest of the line which is double track. This also suggests that
in the other direction, from Bletchley to Bedford, the single-track at Fenny Stratford
may also be a bottleneck. However, for freight trains, increasing the freight service
from 1 to 2 TPH (for each depot) is likely to not have an impact on the passenger
service. This is because from the simulationmodel, freight trains terminate atBedford
Retail Park Depot. This means freight trains do not cross through the single-track
sections as they branch off towards the depot, which allow passenger trains to travel
through the single-track sectionswithout potentially getting blocked by freight trains.
Doubling the whole of the Marston Vale Line would therefore significantly increase
capacity.

In terms of the freight services, as can be seen from Table 3, they are much
more consistent than passenger service times, and with freight service times less of
a priority, would work reliably and dependably in any of the scenarios with freight
services.

7.2 Utilisation

The next perspective is the utilisation of the Marston Vale Line, see Table 4 for the
detailed results.

Table 4 Utilisation levels, combining with both passenger and freight services, in each scenario
of each activity point

Utilisation levels (%)

Activity point A B C D E

Woburn Sands 0.31 0.17 0.31 0.17 0.31

Woburn Sands to Aspley Guise 1.57 0.83 1.57 0.83 1.57

Aspley Guise 0.31 0.17 0.31 0.17 0.31

Aspley Guise to Ridgmont 2.20 1.17 2.20 1.17 2.20

Lidlington 0.31 0.33 0.48 0.48 0.63

Lidlington to Millbrook 1.57 1.67 2.41 2.41 3.15

Stewartby 0.31 0.50 0.65 0.80 0.94

Stewartby to Kempston Hardwick 2.20 3.50 4.54 5.58 6.61

Retail Park Junction (no station) – 0.67 0.67 1.26 1.26

Single Track (BSJ to BDM to BSJ to
KMH)

17.56 9.37 17.56 9.37 17.56
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From the evaluation in Sect. 7.1, Scenario D would be the most desirable for the
shortest possible journey time, and reliability. However, looking at the utilisation in
Scenario D compared to the other scenarios and current services, there is an increase
in utilisation of the line when freight trains use the line from Ridgmont onwards,
whereas before Ridgmont Freight Depot, the utilisation of the line is the same as it
is currently at the moment, as the number of passenger trains in Scenario D is still
the same. Scenario E, with both 2TPH for passenger and freight (from each depot),
utilises the line themost, with the line further utilised before Ridgmont Freight Depot
and after, with additional passenger, and freight and passenger services respectively,
and would be the most desirable scenario from the perspective of utilisation and
therefore sustainable transportation.

7.3 Utilisation Versus Journey Time

As identified in Sect. 2.2 of the Literature Review by Motraghi and Marinov (2012),
and confirmed by the results of this study, increased utilisation can lead to increased
journey times and congestion. Therefore, there needs to be a compromise between the
increased utilisation of the line, journey time and reliability. To facilitate increased
utilisation, changes in priorities for journey time would need to be considered, with
a possible change in policy to implement increased utilisation and more sustainable
transportation.

8 Conclusions

The study of the current utilisation levels on Marston Vale Line has found that the
current utilisation level is low as, it is limited to passenger service of 1TPH (Network
Rail 2020a, b, c), although it is consistent in terms of journey time. Through using
SIMUL8, a simulation model of the rail line in study has been created. It is based
around the December 2019 Timetable (Network Rail 2020a, b, c), ensuring validity
in the model.

This gave an opportunity to implement freight services into the model, as well
as increase the number of passenger services from 1 to 2TPH. Therefore, the simu-
lation model developed could be modified by creating new scenarios to improve
the line utilisation levels, combined with keeping the journey time consistent for
both passenger and freight services.

Two passenger trains per hour utilise the Single Track (BSJ to BDM to BSJ to
KMH) considerably more than one passenger train per hour. It was found that despite
the increase inmaximum journey time and likelihood of delays, ScenarioD is the best
scenario to increase the utilisation of the Marston Vale Line in an effective, reliable
way. To increase passenger services which would be more reliable, the single-track
section at Bedford would need to be doubled, as it is a bottleneck for more than one
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passenger train per hour, with consideration for the same work at Fenny Stratford
for services running in the opposite direction.

However, from a theoretical point of view, just shifting more people and goods
from road to rail by increasing the utilisation levels of a local railway line tomaximise
the passenger and freight services could bring other issues, such as by just using
existing heavy diesel locomotives for freight services (one of the potential issues
is sustainability in the environment). The concern is that increasing the amount of
passenger and freight services mean that the railway’s carbon footprint would be
increased from additional passenger services, and especially freight services, where
it is currently required to use heavy diesel locomotive to pull the freight train, irre-
spective of the number of wagons. Hence, alternative freight vehicles to transport
the freight, for example, by converting older passenger trains to carry freight is a
solution to reduce its carbon footprint and, as well as, potentially reducing rail infras-
tructure damages by not using heavy diesel locomotive to shift freight. Also, another
concern is, due to mainly the limitations of the single-track sections, increasing the
rail line utilisation at very high levels, combined with passenger and freight services,
can cause delays. This would then lead to blockages in the system, which could
impact the journey time, therefore suggesting a change in priority between journey
time and utilisation is necessary to benefit the environment.

9 Future Work

The methodology applied to study the Marston Vale Line utilisation levels could be
applied to other rail lines which are under-utilised, both in the UK and further afield.
Increasing the utilisation of rail lines which are already electrified would enhance
more sustainable transport solutions. This study looked at improving the utilisation
levels of a non-electrified line.

Future work around theMarston Vale Line itself, with additional services, of both
passenger and freight, could be considered. Removing the bottlenecks of the single-
track sections along the Marston Vale Line in particular and remodelling would add
potential for further utilisation of the line. As discussed in Sect. 5.2, additional rail
freight from further afield could also be modelled, particularly with HS2’s capacity
benefits on the horizon, to further enhance the utilisation of the Marston Vale Line.
As well as this, the East West Rail (2020) will enhance and change the line, with
the section of the project between Bletchley and Bedford given approval (Railway
Technology 2020), so would be an opportunity for further work in the future.

Also, another aspect to consider for future work, is increasing utilisation levels of
the line through digital rail applications. As, Network Rail (2020a, b, c) indicates that
the implementations of digital technologies on the railways could provide significant
additional capacity. This is because instead of using conventionalmethods to increase
capacity, i.e. through building new railway infrastructure, ‘digital railway’ can be
applied onto conventional rail lines by utilising modern signalling and train control
technology. Hence, the benefits of digital rail on Marston Vale Line could allow
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more passenger and freight services into the system as, the train control technology
uses the European Train Control System (ETCS), comprised by the European Rail
TrafficManagement System. This system allows trains to operate narrower headway
distances together and travelling at optimised speeds, while maintaining safe braking
distances (European Union Agency for Railways 2020). Therefore, digital rail can
help to improve the utilisation levels of the line, as well as safety, which would be
an opportunity for a future work.
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Analysis and Characterization of Noise
Generated in Heavy-Haul Railways
in Brazil

Thiago Antonio Fiorentin, Yesid Asaff, and Laura Dacoreggio Volpato Braz

Abstract The noise generated by transportation systems is one of the most impor-
tant causes of noise-induced annoyance, since exposure to high level noises for long
periods of time can be detrimental to health. Amongst the different types of noise that
originate from railroads, the squeal noise generated at curves, the impact noise gener-
ated at rail joints and the rolling noise stand out. To propose mitigation measures to
this problem, noise generation must be understood as well as by which parameters
it is influenced. To that end, analytical models have been developed to predict the
generated Sound Pressure Level (SPL) and to verify which factors are related to noise
generation. This paper aims to validate analytical models for impact noise, squeal
noise and rolling noise, which were originally designed for urban railways, used for
passenger transportation. In this work, the validation is made using SPL measure-
ments taken at a Brazilian heavy-haul railway, and a railway which carries bulk
cargo in general. The models are implemented on a numerical computation software
considering vehicle and track characteristics, train speed and a reference SPL. The
results obtained from the models were compared with SPLmeasurements performed
at the railroad during regular operation for the three cases (rolling, squeal and impact),
which, despite the measurement limitations imposed by practical constraints during
regular traffic operation, showed good agreement.

Keywords Railway noise · Noise measurement · Freight railway · Squeal noise ·
Impact noise

1 Introduction

Despite the convenience and advances provided by technological development, envi-
ronmental degradation is accelerating as other sources of pollution arise. Amongst
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them, the environmental noise caused by sirens, automotive and domestic alarms,
religious temples, horns, transportation systems and other sources, has become a
cause of incidents in urban areas (Zannin and Bunn 2014; Fiorentin et al. 2013,
2016, 2017). As a result of urbanization, economic growth and motorized traffic,
noise pollution is one of the main sources of complaints in urban areas since it can be
detrimental to health, being associated to hearing damage, cardiovascular diseases,
irritability, sleep disturbance, headaches, high blood pressure and nervous stress
reactions (Stassen et al. 2008; Sánchez et al. 2017). Traffic noise, generated by trans-
portation systems, is one of the most important causes of noise-induced annoyance
(Kasess et al. 2013).

Brazil has a railway network, which is mainly used for freight transportation, that
covers approximately 30,000 km.Although its density is lowwhen compared to other
countries with continental dimensions, railways are fundamental for Brazilian logis-
tics, as they are widely used to move goods that will be exported through seaports.
On their way to the ports, the trains run through several cities—there are approxi-
mately 12,000 level crossings in the country—crossing residential neighbourhoods
and inconveniencing those who live nearby (Zannin and Bunn 2014; Confederação
Nacional dos Transportes 2020).

A railway system has many noise sources, and the dominant one depends on
a series of factors such as speed, loading, track and wheel conditions. The noise
can come from the traction system, the brake system, the aerodynamic flow, the
wheels rolling over the rails, among others. Freight railways in Brazil operate at
speeds around 70 km/h. Some research indicates that the main noise source near
such an operating speed are the wheels rolling over the rails. Traction-system noise
is important for speeds up to 20 km/h and aerodynamic noise for speeds above
250 km/h (Failed 2008). Amongst the different types of noise originating from a
railroad, the squeal noise produced in curves, the impact noise at rail joints and the
rolling noise stand out.

Noise-control measures implemented at source are usually more effective than
transmission-path or receiver treatments, as they offer greater noise reduction and
better cost-effectiveness (Jiang et al. 2015). At-source noise control is also more
complex than the alternatives since it requires identifying and understanding each
noise source and its generationmechanisms. First, the dominant sourcemust be iden-
tified and then the paths or contributions quantified. The next step looks at which
parameters influence each source, which can be performed through a sensitivity anal-
ysis using analytical models, for example. Finally, possible solutions are developed
and tested, first through theoreticalmodels, then in laboratory and lastly through prac-
tical tests. Also, when it comes to railway noise, the solutions must not compromise
operational safety (Thompson 2009).

The literature offers solutions for cars, aircraft, electrical systems and others
(Fiorentin et al. 2013, 2016; Oliveira et al. 2008). There are, also, some solutions
that can be applied to railways, but they are expensive and need to be customized
for each railroad. Using models is, then, a necessary tool to verify such solutions
before they are implemented. The objective of this work is to validate analytical
models (Thompson 2009; Rudd 1976; Vér et al. 1976) used to predict noise levels
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from Brazilian freight railways using SPL measurements taken during the railroad
regular operation. Three noise types are studied—squeal, impact and rolling noise.
The models are implemented separately on a numerical computation software, and
the results are compared against the experimental measurements of SPL.

Following this introduction, an explanation of each studied noise type is presented.
Next, there is a brief description of the three analytical models used, as well as the
methodology used to validate them. At last, results are presented and discussed.

2 Wheel/Rail Noise

The noise from railways arises primarily from the action of the steel wheels rolling
on the steel rails, defined as wheel/rail noise. As train speeds increase, so does the
importance of wheel/rail noise and, at typical freight railway speeds, it dominates
environmental noise emission. Much research has been conducted to understand
the mechanisms through which wheel/rail noise is generated (Dittrich and Janssens
2000; Kondo and Yamazaki 2013). The interaction between wheel and rail results
in a force at their interface, which induces mechanical vibration that is transformed
into sound radiation. The wheel/rail noise is the combination of the sound generated
by the wheels and the rails.

The wheel/rail noise can be divided into three categories: squeal, impact and
rolling. Squeal noise occurs when the wheels of the vehicle alternately stick and slip,
as they run through short-radius curves. Impact noise is the noise generated by the
wheels encountering discontinuities such as rail joints or flat wheels. Rolling noise
is caused by rail roughness when in contact with the wheels (Failed 1975).

2.1 Squeal Noise

Freight railway systems have great noise-emission potential, since they are designed
to meet safety requirements, rather than comfort. Also, they are subject to rougher
operation and cruder maintenance procedures than passenger cars, factors that lead
to noise and vibration generation (Stanworth 1983). Railway noise originates from
many different sources, whose contribution to overall noise levels may vary under
different situations (Hanson et al. 2014). One of the most important noises produced
by railways is a high-pitched and tonal sound generated when a train traverses a
curve, known as squeal noise.

The squeal nose is tonal and associated with wheel vibration, which is caused by
a sliding mechanism, as a force on the wheel tends to make it slide and the static
friction tends to “stick” it to the track. The bogie of freight trains is usually formed
by wheelsets with rigid parallel axles. So, when a train negotiates a curve, the wheels
do not align to the rail: those of the first wheelset tend to run away from the curve,
while the ones on the trailing axle have a tendency to run into it.
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Figure 1 shows the behaviour of a bogie and the longitudinal and lateral forces
between the wheels and the rails at a curve. The sliding of the wheels over the rail
induces dry friction forces that excite them and hence generate squeal noise (Rudd
1976; Heckl and Abrahams 2000).

Due to the influence of many parameters, squeal is described as a random event,
whose occurrence is difficult to predict (Hanson et al. 2014). It is not necessarily
constant while the train runs through the curve. It can have an intermittent character
and the noise-level amplitude may vary (Thompson 2009). However, some authors
associate it with tight curves, stating that its occurrence probability increases in
curves with radii smaller than 500 m, that it is only sporadic for radii between 200

Fig. 1 Schematic drawing of two parallel axles in a curve
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and 500 m, and that it becomes common in curves with radii smaller than 200 m
(Eadie and Santoro 2006).

The squeal noise can exceed regular rolling noise in up to 30 dB, and it usually
occurs in the frequency range inwhich humanhearing is themost sensitive, thus really
inconveniencing thosewho live near railroads (Hanson et al. 2014; Eadie and Santoro
2006). According to some researchers, the squeal noise has a fundamental frequency
of approximately 4 kHz (Glocker et al. 2009). For others, there is a frequency for
each type of squeal noise, lower than 5 kHz for wheel squeal and between 5 and
10 kHz for trim noise (Eadie and Santoro 2006).

Analytical models have been developed over the years to help understand and
predict squeal noise. Therefore, they are useful to assist the development of noise
control strategies. One of the first developed models to predict squeal noise was
designed for subways and urban trains. It predicts squeal sound pressure level (SPL)
as a function of train speed, curve radius and vehicle characteristics (Rudd 1976).
Since then, more complex models have been elaborated, but they are usually not
purely analytical and consist of many sub models (Heckl and Abrahams 2000;
Schneider et al. 1988; Fingberg 1990; Beer et al. 2000; Pieringer 2013).

2.2 Impact Noise

According to some researchers, the impact noise occurs when a wheel and/or rail is
excited by some discontinuity on the rolling surfaces (Failed 1975). Railway tracks
are not perfectly smooth and flat. The most common wheel discontinuities are the
flattening caused by the brake system during the contact between the wheel and the
shoe pad. Typical rail discontinuities are the joints, characterized by the gap and the
height difference between the rails (Wu and Thompson 2003).

Joining tracks with fishplates is one of the methods used in railroads to connect
rails. Joints also absorb variations in track length caused by temperature changes.
Using long welded rails is an alternative to eliminate rail joints (Silva Nabais 2015),
however, it is more expensive and usually used at railways that operate at higher
speeds.

When a train wheel rolls over a rail joint, great impact forces are generated by the
relative displacement between them. The impulsive sound produced by such forces
is known as impact noise, and is one of the main noise sources in railway operations
(Wu and Thompson 2003). The impact noise generation mechanism at railway joints
is shown in Fig. 2. Studies suggest that the main impact noise tones have frequencies
of 250 Hz to 2 kHz, approximately, close to the frequency range in which human
hearing is more sensible (Sueki et al. 2017).

The dynamic behaviour of the wheel and rail at the presence of discontinuities has
been studied over the years, and equations have been elaborated relating train speed
and sound pressure level (SPL) for different types of discontinuities (Vér et al. 1976;
Failed 1975; Wu and Thompson 2002; Xiao et al. 2008; Zhen et al. 2018; Mazilu
2007; Yang and Thompson 2014). These models help understand the impact of each
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Fig. 2 Impact noise generation at a rail discontinuity

noise generation mechanism and predict its sound pressure levels. Therefore, they
are also useful to assist the development of noise control strategies.

The first analytical model to identify the factors that influence impact noise was
created based on wheel and rail geometry, kinematics and dynamics. The concept of
critical speed is established as the train speed above which the wheel and rail lose
contact when crossing a joint, for example. It also establishes equations to estimate
the impulse and peak SPL for different discontinuities (Vér et al. 1976). It was later
improved by other researchers who estimated a roughness spectrum equivalent for
railway joints, making it possible to determine the noise generation potential at a
discontinuity (Failed 1975).

This approach was also used in another study, but the equivalent roughness spec-
trum was used as input data to predict railway noise, and a piece of software was
developed (Wu and Thompson 2003). Later, a hybrid model was created, consisting
of a vehicle/track dynamic interaction model working in the time domain coupled
with an FE-BE vibroacoustic model for the wheel working in the frequency domain
(Xiao et al. 2008). To simulate the vibration and noise generated by insulated joins,
some authors also employed the Finite Element Method at high frequencies (Zhen
et al. 2018).

2.3 Rolling Noise

Considering a railway operation speed of 70 km/h, themain noise source is the rolling
noise, caused by the vibration of the wheels and rails on their contact area due to
surface irregularities, as represented in Fig. 3.

Surface irregularities are commonly referred to as “roughness” and are defined
as non-uniform or non-periodic undulations that form on the surface of the rail or
the tread of the wheel. Although micro-roughness is essential for adhesion, larger
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Fig. 3 Rolling noise generation mechanism

wavelength irregularities are undesirable because of the noise. The relevant roughness
for rolling noise generation on both wheels and rails has a wavelength in the range
of 5–200 mm, with a peak-to-peak amplitude of 0.3–120 μm (Failed 2004).

The frequency of vibration brought about by roughness depends on the train speed,
following an f = V /λ ratio. Thus, there is a frequency range for each speed range
and roughness wavelength. Therefore, setting a specific frequency for rolling noise is
difficult. Some authors claim that the wheel is the dominant source of rolling noise at
frequencies from 200 to 400Hz because, according to them, the irradiation efficiency
of the rail is low within that frequency range. The rail becomes the dominant source
between 400 and 1000 Hz because the wheel impedance is much higher than that
of the rail and, within that frequency range, the irradiation efficiency is similar for
the wheel and the rail. Above 1000 Hz, the dominant source depends on the distance
between the receiver and the railway (Failed 1975).

3 Mathematical Models

Models for wheel/rail interaction can be formulated in the frequency or time
domain. Frequency domain models use frequency–response functions to represent
the dynamic behaviour of the vehicle, track, and their contact area. Time domain
models are used to solve the system of differential and algebraic equations that
describe the vehicle, the track and the contact area in a time scheduling procedure.
Specific models are commonly found for each type of railway noise.

3.1 Model for Curve Squeal Noise

There are some analytical models for squeal noise generated in curves, which is
caused by a sliding mechanism. There is a limited range of conditions under which
vibration is unstable and, therefore, noise can occur.According to the literature (Rudd
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1976), to calculate the sound pressure level of the squeal generated from a single
wheel 50 ft away, the expression below can be used:

SPLsqueal = 10 log log
(
σW Av2

) + 114 (1)

In these expressions, σW is the acoustic efficiency of the wheel, A is the radiation
area of the wheel and v is the vibration speed, which is defined as:

v = ε,V (2)

where V is rail speed in m/s and ε, is the creep parameter, defined as:

ε, = 1.15
(
ε − ε0

)(1/2)
(3)

The creep on rounding curve ε is approximately 0.7(L/R), where L is the wheel-
base of the truck, and R is the radius of the curve. The creep for maximum friction
ε0 is defined as 0.7% for common situations. Replacing the variables on Eq. 8:

ε, = 1.15

[(
0.7

(
L

R

)
−

(
0.7

100

))
V

]1/2

(4)

Rearranging Eq. 1, 2, 3 and 4, the squeal noise can be predicted by the expression:

SPLsqueal = 10 log(σW A) + 10 log

(
1.3225

(
0.7

L

R
− 0.007

)
V 2

)
+ 114 (5)

The maximum curve radius on which wheel squeal will occur has also been found
to be about 100 times the length of the truck’s wheelbase.

The equation to predict the squeal-generated sound pressure level can also be
expressed in another way:

SPLsqueal = 10 log
(
σWAV2) + 10 log

[(
L

R
− 1

100

)
/

(
3

100
− L

R

)]
+ 93 (6)

According to Eq. 6, the squeal noise is governed by the acoustic efficiency and the
radiation area of the wheel (σW and A, respectively), the train speed (V ), the bogie’s
wheelbase (L), and the curve radius (R). In Eq. 6 it is possible to separate the speed
term and the geometric terms. In Eq. 5 they are together. The SPL of the squeal tends
to increase with train speed and in curves with small radius.
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3.2 Analytical Model for Impact Noise

The research developed by Vér et al. (1976) is focused on estimating impact noise
levels caused by discontinuities in wheels and rails (Vér et al. 1976). Its approach to
the impact dynamics depends on the rail mounting, whether it is rigid or resilient,
which is the case for Brazilian railways. It also influences the critical speed calcu-
lation, the speed above which the wheel separates from the rail when rolling over
a joint. This model establishes different equations to estimate the critical speed,
depending on the joint’s geometry. Furthermore, it shows how the peak SPL of the
impact relates to the train speed. Finally, equations are elaborated to relate the speed
of the compositions and the sound pressure level for three types of rail joints.

Three joint geometries are studied in this paper: step-up, step-down and level
joints. Step joints are characterized by a gap and a height difference between rails,
while level joints are vertically aligned but still have a horizontal gap. The behaviour
of a step joint as a step-up or step-down joint depends on the train’s moving direction.

Step-up joints generate the highest peak SPL of all geometries, since it grows
as the speed increases according to the expression 20*log10V and does not reach a
maximum value when the train goes over the critical speed. For step-down joints, the
peak SPL increases likewise until the train reaches the critical speed, abovewhich the
peak SPL stabilizes. Finally, peak SPL also grows with train speed for level joints,
but its behaviour above critical speed is unknown (Vér et al. 1976).

The critical speed (VCE) for step-down and level joints depends on the critical train
speed for wheel/rail separation in rigid railways (VCR). This parameter is a function
of the wheel radius (a), the gravitational acceleration (g), the spring supported mass
of car per wheel (M), and the wheel mass (m). This calculation is already considered
in Eq. 7. Therefore, the critical speed of wheel/rail separation on resilient railways
is also governed by the rail mass per length unit (ρ) and a parameter β, described in
Eq. 8. This parameter depends on the foundation stiffness per length unit of rail (K),
also known as track modulus, the Young’s modulus of the rail material (E) and the
moment of inertia of the rail’s cross section (I).

VCE =
[
ag

(
1+ M

m

)] 1
2

x

[
1+ m

ρ

β

2

] 1
2

(7)

β =
(

K

4EI

) 1
4

(8)

Although the relation between an increasing speed and the peak SPL is described,
the equation to predict the peak impact noise SPL is not specified by themodel. To that
end, an expression was chosen from another study that relates SPL and train speed,
based on reference data for those variables (Thompson 2009). Equation 9 shows a
relation between speed and SPL, defined by a factor N, which will be considered
N = 20, since the analytical model estimates that the slope of peak SPL vs. train
speed curve is 20*log10V. In the expression below, V 0 and SPL0 are the reference
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data from measurements performed at the railway, and V is the train speed range.

SPLpeak = SPL0 + N log10
V

V0
(9)

3.3 Analytical Model for Rolling Noise

An equation to predict rolling noisewas developed byThompson (2009). The expres-
sion, similar to that used to predict impact noise, is given by Eq. (10), and establishes
that the SPL of rolling noise (SPLroll) is proportional to the logarithm of the train
speed (V ).

SPLroll = SPLref + N log10
V

Vref
(10)

The terms SPLref and Vref refer to speed values and corresponding SPL that should
be used as a reference for the calculations. According to Thompson (2009), the value
of factor N is determined from measurements based on linear regression and usually
varies from 25 to 35, with a peak value of 30.

4 Experimental Analysis

Many countries adopt specific standards to measure rail noise. For example, the stan-
dard ISO 3095:2013 (International Organization for Standardization 2005) specifies
measurement methods and conditions to obtain reproducible and comparable exte-
rior noise emission levels and spectra for all kinds of vehicles operating on rails or
other types of fixed track.

In Brazil, however, there are no specific rules to quantify the noise generated
by railway systems. Hence, the analyses presented on this work are based on stan-
dard NBR 10,151, which deals with noise assessment in inhabited areas (Associação
Brasileira and de Normas Técnicas 2000). According to the standard, the measure-
ments should be taken at points approximately 1.2 m above the floor and at least
2 m from any other reflecting surfaces, such as walls, constructions, etc. Measure-
ments should not be takenwhen there is audible interference fromnatural phenomena
(thunder, heavy rain, etc.). The length time of measurement must be chosen to allow
characterization of the noise in question. The measurement may involve a single
sample or a sequence of them.

In this section, the results of the sound pressure level measured on two railways
in Brazil are presented. The first railway is used for iron ore transportation and the
second carries bulk cargo in general.
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Table 1 Values of
parameters used in the
analytical model

Wheel radiation efficiency 1.00

Wheel radius 0.5080 m

Truck wheelbase 2.4380 m

Range of curve radius 73.14–243.80 m

4.1 Case 1—Squeal Noise

4.1.1 Values of Parameters Used in the Analytical Model

To make the predictions, Eq. 6 is implemented on a numerical calculation software.
The squeal SPL was predicted considering each train speed recorded during in-field
measurements, and curve radii ranging from30 to 100 times the truckwheelbase. The
values considered as input data on the squeal SPL estimate are shown in Table 1. The
wheel radius and the truck wheelbase values are typical of a train locomotive, since
it was the vehicle from which the squeal originated on most in-field measurements.
As mentioned before, the wheel radiation efficiency is given by the author of the
analytical model (Rudd 1976).

Since Eq. 1 is valid for curve radii between 30 and 100 times the truck wheelbase
(30L < R < 100L), the value of the curve radius (R) was limited, in the calculations,
to a range between 73.14 and 243.80 m.

4.1.2 In-Field Measurements

The values obtained by the model are compared with the ones recorded during in-
field measurements. These measurements were performed at different curves of a
Brazilian freight railroad, during regular operation. A sound-level meter was placed
at the centre of each curve, around 15 m away, and 1.20 m above the ground.

The measurements were taken at four different curves that are presented on Fig. 4,
with radii of 156, 200, 206 and 230m, respectively. The red dots indicate the position
of the sound-level meter, the black dashed lines indicate the centre of the railway and
the yellow arrows indicate the radius of the curve. Two measurements were taken of
trains passing by in different directions at each curve. Data was recorded in the time
domain, using A-weighting. The squeal was heard throughout the measurements and
the noise peak was later identified during data analysis.

4.1.3 Results and Discussion—Squeal Noise

As stated in the previous section, during each measurement, the noise was recorded
and the noise peak corresponding to squeal was later identified during data analysis.
The predictions were made considering each train’s characteristics and speed. In
Fig. 5, continuous lines show the squeal values predicted by the model at three
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Fig. 4 Curve radius

Fig. 5 Estimated and measured data of SPL verses curve radius for three different train speeds (12,
14 and 16 km/h)
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Table 2 Results of estimated
and predicted data

Train speed
(km/h)

Curve radius
(m)

Estimated
data dB (A)

Measured
data dB (A)

12 206 92.59 92.00

14 156 99.81 99.90

16 156 100.97 97.80

different speeds, 12, 14 and 16 km/h, and the corresponding data recorded at each
in-field measurement.

Squeal was generated only in Curves 1 and 3. In Curves 2 and 4, with a 200 m and
a 230 m radius, respectively, no such noise was heard. The absence of squeal noise
during some of the measurements can be explained by different track and vehicle
conditions, or even environmental conditions, such as temperature and wind. This
result agrees with the description of squeal noise as a random phenomenon due to
the interplay of many variables in its generation mechanism (Hanson et al. 2014).

To help understand the results, they are also presented in Table 2, along with train
speed, curve radius and sound pressure level.

The values presented in the table show small differences between estimated and
predicted data. Even with a small amount of data, the results suggest that this analyt-
ical model can be a useful tool to predict and understand the squeal SPL variation as
a function of speed and curve radius.

However, more measurements should be taken at curves with radii smaller than
150 m to determine if the model is accurately adequate within the full range of
curve radii for which it is valid. Also, noise measurements with others speeds must
be performed. This was not performed on this study since the measurements were
taken at a real freight railroad, which does not usually have many tight curves.
The only curves with radii smaller than 150 m were in hard-to-access locations. It
is important verify the relation between a significative velocity variation and the
difference between sound pressure level measured and predicted, in others words,
the relative error.

4.2 Case 2—Impact Noise

The tests were carried out on a metric gauge railway used exclusively for cargo trans-
portation located in southern Brazil. The rail is of the TR-37 type, fixed on wooden
sleepers seated on the ballast, with a mostly exclusive HFD, HFE and FHD freight
wagons circulation. The results estimated by the analytical model were obtained
considering a speed range from 2 to 30 m/s.
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Table 3 Values of
parameters used in the
analytical model

Wheel radius (a) 0.3625 m

Gravitational acceleration (g) 9.81 m/s2

wagon mass 73 kg

Spring supported mass of car per wheel
(M)

9,137.5 kg

Wheel mass (m) 308 kg

Rail mass per length unit (ρ) 37.10 kg/m

Foundation stiffness per length unit of rail
(K)

10 MPa

Young’s modulus of rail material (E) 2.10 MPa

Moment of inertia of the rail cross section
(I)

951.10 × 10–8 m4

4.2.1 Values of Parameters Used in the Analytical Model

Table 3 presents all the values considered on the critical speed estimate. The wheel
mass and radius values are typical of a multiple wear freight car wheel CD-29, after
its first reprofiling. The spring-supported mass of car per wheel (M) was obtained
by dividing the mean mass of the wagons, 73.1 t, by the number of wheels, which
resulted in 9125 kg. Rail-characteristic parameters were tabulated values according
to the rail type, in this case, an ASCE 75. The value considered for the track modulus
was typical of a permanent railway in bad conditions (Failed 2015).

Those values, along with speed and SPL reference data, were used as input for the
analytical model, which was implemented on a numerical computation software. The
implemented code analysed the joint geometries separately—step joints, up or down,
and level joints, with or without a horizontal gap. Finally, it returned the critical speed
for a resilient railway, as well as the peak SPL variation according to train speed for
each joint.

4.2.2 In-Field Measurements

The analytical model estimate was compared to the SPL measurements. In-field
measurements were taken during railway regular traffic. A sound-level meter was
placed 1.8 m away from the joint, at the same height as the top of the rail, recording
the SPL during the passage of the trains.

For step joints, one specific joint was selected for this study and the data of three
trains passing by, two in one direction, one in the other were collected. The gap
between the rails was 23.6 mm long with a 5 mm height difference. For level joints,
two were chosen, one with an 11 mm gap and the other one an ideal joint, without
any misalignment. In both cases, only one train passed by each joint, so only one
measurement was taken for each one. Figure 6 shows the geometry of the three joints
studied on this work.
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Fig. 6 Geometry of the studied joints

It is important to elucidate that the expression “ideal joint” is, in this work, in terms
of impact noise emission, once smaller gaps between rails are expected to generate
lower noise levels. The ideal gap, in termsof permanent railway construction, depends
on the weather at the railway site, operational speed, among other factors.

The studied joints are presented in Fig. 7 and 8. A side view of the step joint is
presented on Fig. 7. Figure 8 shows a top view of the level joint, with an 11 mm gap
between the vertically aligned rails, and a side view of the ideal joint.

Performing the measurements at a real railroad during regular operation may
impose some limitations to the study. Achieving significant speed variations along a
specific section of the rail line can be difficult, as there are speed limits imposed for
safety reasons. That is why gathering a large amount of data for each studied joint,
to verify whether the analytical model would correctly predict the SPL at higher
speeds, is impossible.

Fig. 7 Side view of the step
joint
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Fig. 8 Top view and side view of the level joint with gap between rails

4.2.3 Results and Discussion—Impact Noise

In this section, the results obtained for each case—step and level joint—will be
presented and discussed separately.

(a) Step joint

Figure 9 shows the SPL results obtained for a specific joint. The SPL generated

Fig. 9 Estimated and measured data of SPL verses train speed for a step joint



Analysis and Characterization of Noise Generated … 137

from the impact on a joint was recorded during the passage of three trains traveling
at speeds of 11, 14 and 16 km/h.

The direction of the first two compositions gives the joint a step-down configu-
ration, while the last composition, moving in the opposite direction, does otherwise
(a step-up configuration). In the image, the SPL estimated by the analytical model is
observed considering step-up and step-down joints with the same geometry (red and
blue overlapping lines). The values measured in the field are marked with orange
triangles for step-down joints and a purple one for the step-up joint.

Since one pair of speed and SPL data are used as reference, the estimated and
recorded values, in this case, are the same. For the two other trains passing by the joint
on its step-down direction, the relative difference between estimated and measured
data reaches 1.20%. It is a small difference that may have been caused by differences
in the structure of the wagons and the permanent way, factors that influence noise
generation. Even with a small amount of data, the SPL variation according to train
speed seems to be well predicted by themodel. The analytical model validationmade
by the authors had a similar result (Failed 1975).

(b) Level Joint

The critical speed for a level joint is calculated the same way as for a step-down
joint. Therefore, for the analysed level joints, the critical speed is 334 km/h. The
previously stated information about the operational speed in Brazilian railways also
applies in this case.

Figure 10 shows the level joints values of SPL vs. train speed estimated by the
model. The estimate is based on speed and SPL reference data of an ideal joint—
an 11 km/h speed and a corresponding SPL of 86.00 dB (A). The continuous line
indicates the estimated data. The data collected on the railway are marked with a
blue square for the ideal joint and a red cross for the non-ideal one.

In this case, the data collected from the ideal joint was used as the reference for
the analytical model, which is why the recorded data matches the estimated data line.

Fig. 10 Estimated and
measured data of SPL verses
train speed for level joints
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Here, no speed variations were registered. Instead, the influence of the gap between
rails on impact noise generation was investigated.

The SPL registered at the ideal joint was 86.00 dB (A) for a train passing by
at 11 km/h. At the non-ideal level joint, with an 11 mm horizontal gap, the SPL
recorded was 92.00 dB (A), for the same train speed. Studies show that the impact
noise generated at joints is 5 to 8 dB greater than regular rolling noise (Sueki et al.
2017). So, the results obtained in this case well agree with the ones found in the
literature.

4.3 Case 3—Rolling Noise

4.3.1 Typical Rolling Noise

The measurements were carried out on a single metric gauge railway located in
southern Brazil, used for bulk cargo transportation in general. The composition
consisted of 75 type HFD and FHD empty wagons.When empty, each wagon weighs
about 21.0 tons.

The analysis was based on standard NBR 10,151, the sound pressure level (SPL)
was measured 1.2 m above the ground, 10 m away from the centre of the track. A
22,270 B&K sound-level meter was used. Figure 11 presents the results of the SPL
measured during the passage of an empty wagon and the background noise. The

Fig. 11 Sound pressure level at time domain
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Table 4 Speed and sound
pressure level measured
during the passage of the test
composition

Velocity
[km/h]

SPL [dB (A)] Velocity
[km/h]

SPL [dB (A)]

10 69 30 83

10 70 32 84

15 72 35 85

15 73 43 86

20 76 45 88

20 77 52 90

23 80 55 91

25 80 60 92

30 82 60 93

measurements yield overall values of 80.5 dB (A) for the empty composition and
48.4 dB (A) for the background noise.

Measurements presented in Fig. 11 are on the time domain, clearly showing when
the noise increased due to railway traffic. The background noise is around thirty dB
quieter than the train noise.

4.3.2 In-Field Measurements

Speed and SPL values were recorded during the passage of a test train at different
speeds through the same stretch of the railroad, and the values are presented in Table
4.

The lowest speed and measured SPL were 10 km/h and 69 dB (A), then used
as reference values in Eq. (10). This expression was implemented in a computer
routine, considering three values for the factor N—25, 30 and 35. Figure 12 presents
the predicted values and those obtained experimentally.

The black continuous line indicates the values predicted by Eq. (10) considering
N equal to 25, while the blue dashed line and the red dotted line indicate the predicted
values with N equal to 30 and 35, respectively. The values registered on the railroad
are indicated by the “ + ” symbol.

4.3.3 Results and Discussion—Rolling Noise

According to Thompson (2009), every time the speed doubles, a rolling noise SPL
increase of 8 to 10 dB (A) is expected, which is corroborated by the values presented
in Table 4. With the train travelling at 15 km/h, for example, the rolling noise reaches
73 dB (A), while at 30 km/h, the noise level reaches 83 dB (A), an increase of 10 dB
(A).
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Fig. 12 Sound pressure
level versus speed

The data recorded in the field agree with the estimated values, showing the
expected behaviour due to the increase in the composition speed. The factor N =
30 is the most suitable to predict rolling noise, as suggested by Thompson (2009),
especially for speeds above 20 km/h.

5 Conclusions

The present research discusses the sources of noise in a railway, introduces models
to predict some types of noise and evaluates noise emission in Brazilian railways.
The main goal was to validate analytical models for squeal, impact and rolling noise
predictions. Analytical models available in the literature allow predicting these types
of noise. Each onewas implemented on numerical computation software, considering
the required parameters in each case. The results obtained from the models were
comparedwith experimentalmeasurements of SPL taken at the railwayduring regular
traffic. Generally, the calculated results showed good agreement.

For squeal noise, the used variables are typical of a railway and are available
in the design phase, which enables to predict the noise generated by the railway
during design steps. The model may be a useful tool to predict and understand the
relationship between train speed, curve radius and squeal noise.

In Case 2, for impact noise, the equations considered vehicle and track charac-
teristics, train speed and a reference data of speed and corresponding SPL. The SPL
was measured at different joints during regular railway operation and compared with
the predictions made by the model, showing good agreement.

The main limitations found during the validation of squeal and impact noise
prediction models were related to the fact that experimental measurements were
taken at the railroad, during its regular operation. Hence, it was not possible to
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achieve greater speed and curve radius variations, or even gather a large amount of
data, since the region where these measurements took place has low traffic density.
Also, some tests were cancelled due to train delays, cancelations or even accidents
on the route.

In the case of rolling noise, a simpler analytical model was used. However, the
measurements taken for the model experimental validation used a test composition,
which simplified the collection of a larger volume of data across the desired speed
range. The obtained results converge with the literature, and the model used can be
considered a useful tool to predict rolling noise in freight trains.

Future work may aim to study the accuracy of the squeal and impact noise predic-
tion model over a wider speed range. The use of a test track is suggested since it
allows greater variation of the parameters studied.
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Solving Some of the Issues of Luggage
Storing on Passenger Trains

Zhiyuan Zeng, Marin Marinov, and Bernhard Rüger

Abstract The aim of this research is to elaborate, describe and propose solutions
for some of the issues of luggage storage on passenger trains, using a systematic
approach. Specifically, the paper discusses and works out different technical solu-
tions for better baggage handling, which include alternative transformed luggage
racks (oven, trench and adjustable table). Pet compartment is also designed to solve
the inconvenience of travelingwith pets on passenger trains. These solutions are eval-
uated from different perspectives, taking different views into account. To obtain the
optimal result when applying a particular solution, the characteristics, interior design
and specific equipment of different types of passenger trains should be considered.

Keywords Luggage storing · Passenger trains · Rail transport · Interior design

1 Introduction

Since the end of twentieth century, the velocity of railway development has reached a
higher level than ever before, and can be divided into two periods; mature period and
new development period. The technological transformation of the railways has also
made significant progress. Almost all railways around the world use traction power
network for their passenger train services now. The advantage of this new mode is
in the level of energy efficiency, resulting in less pollution. With the changes in the

Z. Zeng
School of Engineering, Newcastle University, Newcastle upon Tyne NE1 7RU, UK

M. Marinov (B)
Department of Engineering Systems & Supply Chain Management (ESSCM), College of
Engineering and Physical Sciences (EPS), Aston University, Aston Triangle, Birmingham B4
7ET, UK
e-mail: m.marinov@aston.ac.uk

B. Rüger
Institut Für Verkehrswissenschaften, Forschungsbereich Eisenbahnwesen, Verkehrswirtschaft
Und Seilbahnen, Technische Universität Wien, Karlsplatz 13/230-2, 1040 Wien, Austria
e-mail: bernhard.rueger@tuwien.ac.at

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
M. Marinov and J. Piip (eds.), Sustainable Rail Transport 4, Lecture Notes in Mobility,
https://doi.org/10.1007/978-3-030-82095-4_7

143

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82095-4_7&domain=pdf
mailto:m.marinov@aston.ac.uk
mailto:bernhard.rueger@tuwien.ac.at
https://doi.org/10.1007/978-3-030-82095-4_7


144 Z. Zeng et al.

railway energy supply and the adoption of new technologies, the economic benefits
of the railways have seen reasonable improvement.

More recently, the high-speed rail has been developed inmany countries including
Germany, Italy, Japan, China and France. Germany was one of the first countries
to start developing high-speed rail and has some of the most mature technology.
The ICE (InterCity Express) is a high-speed train that connects all major cities
in Germany (ICE High Speed Train 2017) (SIEMENS 2017). With speeds up to
300 km/h, this is one of the fastest ways to travel between cities such as Berlin,
Hamburg and Cologne. The ICE has international connections to Denmark, the
Netherlands, Belgium, France, Switzerland and Austria, with 5.5 million passen-
gers using it in 2015. The development speed of China’s high-speed rail is the fastest
in the world (Duddu 2013), and in certain aspects like the maximum operating speed
(430 km/h) and single operating mileage (2298 km), it is seen by many as the best
in the world. As Nie Ligao’s report explains (Ligao 2015), it is possible to balance a
coin on the window sill of a train traveling at 300 km/h (186mph) for nearly 8 min
from Shanghai to Beijing. Hence the high-speed rail technology in terms of speed,
stability and comfort has reached a satisfactory level.

However, improvements are still required when it comes to luggage storing and
handling in order to satisfy the growing requirements of passengers. A recent survey
titled ‘Carrying luggage on train, is it a problem?’ was created and put forward to
the public, (Tripadvisor. 2017) show that people feel comfortable taking one piece
of luggage on their journey. However, problems may occur when that number goes
above one piece per person, meaning that the existing luggage area may not accom-
modate all passenger’s luggage during different time periods (peak hours, holiday
and/or weekends). Hence the question is: why many railway companies release poli-
cies to limit the size, amount and number of luggage units like Cross-country who
strongly recommend carrying one item of luggage (90 by 70 by 30 cm) (Cross-
country. 2017)?. The Virgin Trains East Coast (VTEC) limits the amount of luggage
to three pieces per person (Virgin rail company 2015), but the problem is still not
resolved. The passengers who have no place to store their luggage take up space near
the train entrance, passenger wagon door and aisles, which makes it inconvenient
for other passengers to embark and disembark, walk through the aisle, use the toilet
etc., causing major disruption. This also has a serious impact on individuals who are
disabled, elderly people, children, pregnant women and pushchairs/baby prams. It is
a difficult task to take care of luggage storage whilst maintaining the well-being and
safety of passengers onboard. The situation with passenger behavior on the train is
usually difficult to predict and describe, and often there are high risks for accidents to
happen. For example, when people need to move their luggage for whatever reason
and children are sitting or moving nearby, sometimes the heavy luggage can pose a
danger as it might hurt the children if passengers moving it do not see them. It can
also be difficult for parents to take care of their children and look after their luggage
when their train arrives at the station and they need to get off the train.

It is apparent that measures should be taken to effectively deal with the luggage
issue on passenger trains whilst maintaining the comfort and safety of all passengers
and staff onboard.
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1.1 Problem Definition

With the government’s advocacy, more people would consider choosing train as
their first choice of travelling. However, luggage will always be an issue that affects
passengers, regardless of the purpose of travelling. People have to take luggage
onboard. Train operating companies, though, need to maximize revenue by filling
up their trains with passengers. And here the conflict between the profit of a train
operating company and passenger’s luggage should be resolved with an appropriate
method.

1.2 Aims

The aims of this study are trifold: 1) to come up with solutions that improve the rate
of space utilization onboard, 2) to discuss different situations and interior designs to
accommodate more luggage and 3) to propose suitable solutions for every situation
and design. High speed rail is the primary future of the train industry development;
therefore it will be the primary focus here. An aim of this study is also to elaborate
relevant solutions for storing special luggage securely, especially for the transport of
pets.

1.3 Methodology

The methodology of this research contains the following. Firstly, identifying the
problem, such as the conflict between railway companies’ profit and luggage storing
space (the space of luggage storing for passengers cannot be a gradual change as it
is a current issue). Next work out the alternative methods, where these methods are
used to solve the corresponding problems (i.e. lack of storing space, inefficient ways
to storing pets onboard), and alter the design if need be. The next step is based on
the characteristics of types of train, and the analysis of those alternative methods to
find out which can apply to the various train designs.

The expected outcomes include:

(1) Additional space of luggage storing for each passenger;
(2) An improved level of space utilization onboard;
(3) Ensure the profit of railway companies are maintained whenever possible;
(4) Solving the problem of safely transporting pets onboard, and provide sugges-

tions for alternative solutions.
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2 Existing Problem of Storing Luggage

Dr. Rüger (Rüger, N.D) (Rüger 2008; Rüger N.D.; Rüger N.D.) has researched the
issue of luggage storage, and part of the discussion deployed here has been drawn
from achievements reported in (LOK PANLO et al. 2020/21) and (Brice et al. 2015).
According to recent analyses, a passenger will take 0.28–0.41 medium size luggage
and 0.66 large size luggage onboard for one trip. In addition, studies also show that
90% of passengers take more than one bag for a long trip. This has led to the issue
of passengers having no space to store their luggage.

Luggage issues are considered one of the most important factors that affect
passenger’s decision making when it comes to travelling by train. The expectations
of passengers and train operators concerning the number of seats and train efficiency
might defer though. The wants and needs of railway companies and passengers
appear to be totally opposite. The train operating companies expect tomaximize their
revenue by increasing the number of seats onboard (however, more seats mean less
luggage space). On the other hand, passengerswould prefer to have the best travelling
experience with high efficiency, fewer seats and more luggage room. Therefore, a
compromise needs to bemade to find a balance point that will satisfy both passengers
and railway companies alike.

There is another issue though, regarding passengers’ willingness to lift luggage
items of different size andweight up to various heights. It was discovered that passen-
gers are not really willing to lift medium or heavy luggage to the overhead rack.What
a surprise.

Next would it be of interest to know what is the importance for passengers to
keep visual contact with their luggage onboard; there were 45% and 43% who think
it is very important and important respectively. Only 2% of passengers said it is
unimportant. Most large luggage racks are located near the entrances, which means
it is an unsafe solution of luggage storage in many passengers’ opinion.

2.1 Types of Baggage and Luggage

Before dealing with the baggage issue, the size of luggage needs to be clearly identi-
fied. To improve revenue for the train operator, railway companies tend to maximize
the number of seats, meaning there are fewer spaces for passenger luggage. As a
result, train operators have restricted the number and size of luggage passengers can
take onboard.

The size of luggage can be divided into four types (LOK PAN LO et al. 2020/21):
large size (78×48×29 cm), medium size (67×45×29 cm), compact size (63×38×
21 cm) and cabin size (48×32×18 cm). Different public transport modes can accept
luggage items of different sizes. For example, airline companies only allow passen-
gers carry cabin size luggage onboard but not the other three types of luggage. Other
luggage needs to be checked in due to its large size. The rules of luggage storage
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with railway companies contain the same principles as the airline companies. The
overhead luggage racks are designed for the cabin size luggage. The other three types
of luggage are needed to be stored in large luggage racks.

Now let us consider the size of backpacks compared to the size of suitcases.
Needless to spend a massive amount of time to conclude that the sizes are different,
meaning these items have different dimensions. The current problem with that is
that the UIC code, which is used for dimensioning the baggage racks of passenger
trains, now specifies dimensions that are way too small for passenger’s baggage. As
a result, baggage racks in today’s trains are not sufficiently dimensioned and needs
revision.

If passengers are hiking, going cross-country or are doing similar activities which
could last over a week, many decide to choose large travel bags with capacity of 65 L
or more. This version suit for long-distance travel.

Medium-sized carpetbags typically have a capacity between 30 and 50 L. These
bags are more versatile than others, it is suited for passengers who are going on
2–4 days of field trips or inter-city travelling.

If passengers prefer to do short leisure travelling, daypacks are a good alternative
for them, the capacity is between 10 to 30 L.

2.2 Methods of Storing Luggage on Passenger Trains

There are various different methods of storing luggage onboard of a train. Consider
rapid transit and some urban commuter trains, which are designed to serve those
people who need to get to work or study fairly quickly in peak hour. Generally, there
is no space for the large size luggage, which means baggage that is transported has to
go as hand baggage only. However, the demand still exists, typical for those people
who need to use commuter trains and rail rapid transit to travel to an airport or a
bigger transport junction for example.

Currently, three traditional types of storage methods are available:

1. Hand luggage rack (suited to high-speed passenger trains, intercity trains and
commuter trains)

2. Large size luggage rack (suited to high-speed passenger trains, intercity trains
and part of some commuter trains)

3. Under the passenger’s seats (suited to high-speed trains, intercity trains,
commuter trains and rail rapid transit services) However, the problem here is
that space under passenger seat is often too limited and luggage must be turned
or tilted for stowage there. In many situations passengers want to avoid this due
to lack of comfort.

Different interior structures of high-speed passenger trains show that the luggage
racks are normally located near the entrance, making it more convenient for passen-
gers to store their luggage onboard. However, luggage racks close to the passengers
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wagon doors limit the train boarding area and as a result are not popular with passen-
gers. Also there is no or only limited visual contact from the seat to the luggage stored
on these racks. From an operational point of view, the luggage racks in the boarding
area are inconvenient, as they cause a backlog after a few passengers boarding and
the passenger changeover time is noticeably longer. However, in order for railway
companies to reach their expected revenue, the volume of seats are kept at maximum.
Thismeans luggage space is relatively small compared to thewhole passengerwagon.
The railway companies try to restrict the number and size of luggage allowed onboard
to control the “get-on get-off the train” situation. There are no thorough evidences
suggesting this strategy is efficient, hence further research might be required.

Generally, passengers are allowed to take two large size suitcases and one back-
pack onboard the train. However, some railway companies like Virgin and Crossroad
only allow passengers to bring one large suitcase.

None traditional methods for storing luggage on passenger trains and metro vehi-
cles have been proposed in (LOK PAN LO et al. 2020/21) and (Toal and Marinov
2020). The possibility of promoting foldable seats has been explored to create more
space for luggage on metro vehicles. Designing of a new service for passenger trav-
elling to an airport to check their luggage in on a metro vehicle has also been studied.
Alternative designs of separate baggage handling systems have also been studied, the
results are promising and the interested reader is encouraged to consult Yeung and
Marinov (2019), Alliance (2017), Korsun (2016), Express et al. (n.d,),METROLINX
(2010), SIEMENS AG (2014), Kelly and Marinov (2017), SEAT61 (2016).

3 Solutions for Luggage Storing Onboard of a Passenger
Train

The solutions proposed here include new possibilities for large size luggage racks
and a solution for transporting pets onboard of a train are also discussed.

3.1 Transformed Luggage Rack

Generally, the large size luggage rack is used for storing large size luggage, and
is usually placed near the entrance or end of the train car. However, it must be
remembered that many passengers want their luggage close to them and therefore
racks in the boarding area are not popular. If luggage racks are used in the boarding
area during busy hours, this normally result in a longer passenger changeover time.
There are no exact sizes of luggage racks used. Figure 1 shows the size of a more
common luggage racks on passenger trains.

A luggage rack could normally contain 3.078 m3, under the assumption that the
carriage is at full capacity and 30 passengers carry one large size suitcase. The
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Fig. 1 The size of a more common luggage rack in the boarding area of a passenger carriage

volume for storing 30 passenger’s large luggage is 3.7 m3, and there should be two
luggage racks near the start and the end of the carriage respectively. This means there
shouldn’t be lack of space to store large luggage.

Space could be easily wasted by passengers’ luggage that is not placed efficiently
on the luggage racks, which is quite common. If improperly placed one large bag
can occupy the space for three middle size bags and so on. In order to achieve high
space utilization, the luggage racks could be redesigned to be suitable for different
luggage types and sizes. Efficiency could be improved if the first deck was fixed and
the second deck is designed to be moveable. There are two feasible options for this
design:

4. Transformed luggage rack (oven)
5. Transformed luggage rack (trench)

3.1.1 Transformed Luggage Rack (Oven)

The purpose of this design is to improve the space utilization, heavily inspired form
the room you get from an actual “oven”, as can be observed in Fig. 2.

The blue line (representing the first deck) is fixed and the size of Part 1 is the
same as the old version of luggage rack, meaning the largest size luggage can still
be placed into Part 1. Part 2 as shown in Fig. 2.

Consider a trench with decks and levels, Fig. 3. The middle deck could be inserted
into three grooves of differing heights. More luggage could then be stored through
adjusting the height of second deck, after placing several locks to ensure the stability
and safety of the whole rack. This design could achieve high space utilization. As
mentioned, themaximum size of suitcases are 85×65×35 (cm), themiddle size: 70×
50×30 (cm) and the small size: 48×32×18 (cm), it impractical to place suitcases
onto the top floor as many will not be able to safely reach the top lifting a heavy case.
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Fig. 2 An oven

Fig. 3 A trench

Fig. 4 When moving deck on level one
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Fig. 5 When moving deck on level two

That is why this design will put heavy luggage on middle levels. Figures 4, 5 and 6
give an accurate representation of how a trench with three levels would work.

Level one (Fig. 4)
Considering the fact that not all large suitcases of passengers could originally be

stored, the distance between two decks have been set at 550 mm, see Fig. 4, meaning
one large size suitcase and two small size suitcases can fit perfectly into such space.
Additionally, passengers also can place small sized suitcases upright here which
won’t waste much space as an alternative.

Level two (Fig. 5)
The distance between two decks have been improved to 650 mm, see Fig. 5,

where one large size suitcase, one middle size suitcase and two small size cases can

Fig. 6 When moving deck on level three
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be stored safely. A clear improvement to level one if more space is needed due to
greater volume of passenger luggage.

Level three (Fig. 6)
Generally, not many passengers would not need to use the upper level, Fig. 6.

However, when there is an abnormally large volume of passengers with lots of
luggage items to store, it may be used. The distance between two decks is 900 mm.

3.1.2 Transformed Luggage Rack (Adjustable Table)

The purpose of this design is similar to the oven version, but the principle is different.
This design gets its height from an adjustable table.

As Fig. 7 shows, the green frame acts as a height adjustable table. The blue line
is the first deck (fixed) which is similar to the oven version.

The frame of this design is shown in Fig. 8.

Fig. 7 Height adjustable tables

Fig. 8 The frame
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Fig. 9 Height-adjust
machine

Compared to the normal luggage rack, there are three main differences that exist.
First, in order to meet the height-adjustment the thickness of the board on both sides
have been increased to 100 mm. Secondly, two trenches have been set into the board
on both sides (as calculated in oven’s version), and the largest distance between two
decks is 900 mm. This means the second deck should reach 1620 mm. Thirdly, a new
controller has been set on the right board to control the second board up and down,
which is 1200 mm to the ground, meaning the design is child proof.

Height-adjust machine (Fig. 9)
These parameters are taken from a Chinese company named AOKE.
Input voltage: 230VAC.
Maximum load: 120 kg.

Fig. 10 Accurate size of height-adjust machine
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Maximum speed: 38 mm/s.
Shelf height adjustment range: 600-1800 mm.
Ambient temperature: 0–40°C
Some parameters are not perfect for this design, like the maximum load. However

most heavy luggage would be placed on the first deck, to ensure maximum safety to
passengers.

The maximum load should be increased to 160 kg to allow for more baggage.
Figure 10 shows the accurate dimensions of this height-adjust machine, with

enough space reserved so the shelf could move free in its adjustment range. The
lifting column will be compatible with the trench so that the whole height-adjust
machine can operate properly.

3.2 Pet Storing on Passenger Trains: Issues and Solutions

Pets are considered special luggage onboard trains, and more and more people are
willing to travel with them. Compared to the technology of transporting pets via
aircraft that has become very mature, travelling by train is still a conundrum. The
pets are not accepted by Eurostar except guide dogs and there are strict policies on pet
friendly trains in UK. There are several reasons why it is difficult to fix this problem:

(1) Noise—some pets especially dogs could make a lot of noise, which could
disturb other passengers.

(2) Smell—the pets and their excretion can be very smelly, and potentially
unmanageable onboard the train.

(3) Stress—onboard some types of train (especially high-speed train) the stress
may increase with the rising speed of train. In such situations, snub-nosed
animals such as Pugs, Bulldogs, Boxers, Pekingese, Shih Tzu or Persian cats,
are prone to respiratory problems.

(4) Allergy—passengers may be allergic to animals’ fur, which means they would
have to have separate carriages for pets and non-pets.

To solve this problem, the experience of airlines could be drawn upon. There
are some differences between airline and railways with pet travelling issues, as the
international air transport association (IATA)’s data. The profit margin of airline
companies was 4% in 2015 worldwide, which was much higher than that of railway
companies (no exact data could be provided, however Chinese railway companies
are still losing money), therefore airline companies could invest more money into
facilities developing pet transport. Besides, quite a few people choose international
airlines when they travel by plane, requiring passengers to apply for a passport for
their pets. The airline companies know all the information concerning passengers
and their pets, however this is very hard to achieve by railway companies.

What lessons can be drawn from airline companies?
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(1) Medical record—this is a relatively simple solution which could show if
passengers’ pets have been vaccinated. This could avoid the possibility of
pets transmitting disease to passengers and other pets.

(2) In the cabin/hold—there are two methods to transport pets by plane, in the
cabin or in the hold. This generally depends on either the pet weighing less
than 8 kg/17 lb or more. Railway companies could use a similar method, but
part of carriage must be redesigned for pet compartments.

(3) Booking ‘pet seats’ online—although it is used by many railway companies,
it is not common in UK. Following the design in (2), two types of pet tickets
could be sold to the passengers, in the cabin or in the hold.

3.2.1 The Design of Pet Compartments

This would be the last compartment of the whole train, length: 25000 mm, width:
3380 mm, height: 3650 mm. The purpose of this design is to transport large size
pets, and the compartment space could be determined by the requirements of each
trainline (this design will use half the space of a single compartment). If there are
fewer passengers that need this service, one train trip could have pet compartments
for every two or three trips could be arranged.

The design may focus on storage for large dogs or cats (over 8 kg) and the sound-
proof door could reduce the noise that can be heard from adjacent compartments.
Also the tickets for adjacent carriageswould be a priority to those passengerswho buy
tickets for pets. There would also be CCTV set up in the pet compartment, meaning
passengers can keep an eye on their pets. The exit/entrance is designed as the final
point of the whole train, which means passengers who take their pets onboard can
find the pet carriage easily (also would not affect other passengers who want to stay
away from pets). The toilet would be used to clear the excrement of the pets.

The design of the pet carrier is based on the IATA (International Air Transport
Association) standards (AIRFRANCE 2017) and (IATA 2015):

A = Length of the animal from the nose to the base of the tail.
B = Height from the ground to the top of the leg (elbow joint). The length of the

container must be at least equal to A + 1/2 B (½ B = half of the length of the leg).
C=Width of the animal’s back. The width of the container must be at least equal

to Cx2. D = Height of the animal in a natural position, up to the top of the ears or
head. The height of the container must be at least equal to D.

Assuming the largest size dog (about 70 kg) is 1000×600×400×800 (A×B×
C×D), the size could be calculated as A + 1/2B = 1300, D = 800, C×2 = 800, so
1300×800×800 could be set as the standard size of the carrier. The size of the toilet
is 2200×1500. An accurate graphical representation is shown in Fig. 11.
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Fig. 11 Graphical representation of pet compartments

4 Evaluation

In order to assess the solutions proposed, we discuss additional aspects with luggage,
railway company impacts (cost) and passenger impacts in detail.

4.1 Transformed Luggage Rack (Oven)

Luggage
As designed, level one in an “oven” version could result in large size suitcases

and small size suitcases being placed on second floor of the luggage rack. Level two
will be more commonly used, as it could accommodate almost any situation (any
size luggage) and maintain high space utilization rate. The design of level three, as
proposed, mainly considers passengers that are unable to place middle sized and
large sized suitcases (which are heavy) on the third floor of the rack. This level,
though, can be used to deal with unexpected situations (i.e. more passengers and
luggage than anticipated).

However, the safety of this design needs improvement. According to the design,
it should have a switch to control the moving deck. When switched on, the deck can
be taken out easily to change the storage required. The older trains are more likely to
shake as they travel, and if passengers who use the luggage rack forget to turn off the
switch the deck may fall out and pose a danger to passengers. To prevent this from
happening, an insurance could be set up or companies can arrange train attendants
to manage and supervise any operation with the luggage rack.

Passengers should be told to use the second floor first (after the first floor) and
only when the height of moving deck have been determined (the arrangement of the
first suitcases has been stored securely), then passengers can store their luggage on
the third floor. This operation is necessary, and a strict order is needed because it is
hard to move the deck when luggage is already stored on it.

Railway company impacts (cost)
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Railway companies need to transform their luggage racks which would cost them
very little and the design would lead to energy savings, protecting the environ-
ment, requiringminimal maintenance. However, a train attendant must make sure the
luggage rack’s switch is turned on before the train departs. The economic pressure
and financial uncertainty would be relatively small for a railway company.

Passenger
There is no doubt that with this new design, passengers would have more space

to store their suitcases if they used it properly and followed the rules, but passengers
would not be able to keep visual contact on their luggage.

4.2 Transformed Luggage Rack (Adjustable Table)

Luggage
Luggage could be safely secured on the luggage rack, adjusting the height of

the moving deck within its range meaning passengers could set up their luggage
according to bag size/scale. This allows for additional methods of luggage storage,
more than what the “oven” version has.

Railway company
The railway company needs to spend time transforming luggage racks to include

“adjustable tables”, which will cost more money than the “oven” version. The price
of the height adjustment machine used in 3.1.2 costs four hundred pounds, and the
item is from China meaning shipping costs may be added taking the total much
higher. A single compartment should have two electric luggage racks, so the total
cost of a compartment is about one thousand pounds (not including labour cost).
Additionally, railway companies need to provide power to the machines and perform
regular maintenance to keep it working.

Generally, the economic pressure is relatively large for railway companies.
However, this design contains many advantages, such as better safety where passen-
gers do not need to move the rack by themselves. Another benefit is space utilization,
as luggage takes up minimal space; that protects the interest of railway companies.

Passengers
Compared to the “oven” version, the biggest advantage of “adjustable table” is

that passengers do not need to move the rack by themselves. This means the whole
luggage rack will be safer and more convenient to use. Passengers will have more
options to choose how they arrange their luggage.

4.3 Pet Compartment

Luggage (pet)
Pets would have a more comfortable travelling environment with this design.

Also, they could be monitored by their owner using the CCTV, which would leave
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out many passengers traveling with their pets at ease so they could enjoy the journey.
Although medical records can prove whether pets are healthy and vaccinated, there
is always a risk of other issues such as fleas or viruses spreading.

Railway company
Railway companies need to modify part of the compartment to store pets and

install a special toilet.
According to ‘Mr. dog’s quoted price’, a stainless steel large size pet carrier (125×

80×100) costs 35 pounds. This price should be affordable to railway companies, and
itwould not costmuch tomodify a toilet suitable for pets. This design needs to remove
half of total seats in the compartment which is 44 and add 18 pet carriers. It could
be assumed that one in every three train trips has pet compartments, and could be
arranged to avoid peak times. Assuming that one train trip has 20 compartments,
and every three train trips contains one with pet compartments; the proportion of pet
compartments could be calculated as 1 in 120. Besides, railway companies can also
charge those seats for pets. This design could even generate additional revenue for
railway companies if arranged correctly.

Passengers
The pet compartment would be situated in the last carriage, so the design has no

impact on those passengers who want to avoid pets. Only during peak time, will
some of them be unable to book tickets due to the removed seats. This design also
protects those passengers who are allergic to pets.

The passengers who travel with pets by train will happy to see this, as they do not
need to worry about their pets’ smell and noise affecting other passengers. This can
also mean passengers can keep a visual contact on their pets. Some high-speed rail
lines like Eurostar do not allow pets on-board, causing some to protest and campaign
to try and change this. If this design could resolve the issue Eurostar has with pets,
people in UK would have another alternative if they need to travel with pets. With
the upgrades of facilities and services, the price of the pet tickets would be increased,
costing passengers more money per journey.

5 Results

Transformed luggage rack (oven)
The cost of this design is not high, however there is a requirement for the track

to be flat due to the moving direction of the train. Any shaking could make the
luggage rack lose connection causing serious safety concerns. Therefore, the high-
speed trains are more suited to this design, as well as some inter-city trains whose
tracks are stable and stop off at airports and train stations (where there is a high
proportion of large size luggage) are suited to this design too. The distance between
stops of rapid transit are too short, which means passengers may not have enough
time to use and operate the luggage rack. However, some metro lines to the airport
may adopt a similar solution if people using the service would spend more time on
the metro vehicle and have enough time to safely secure their luggage.
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Transformed luggage rack (adjustable table)
The stability of the “adjustable table” version is more reliable than the “oven” one,

whichmeans the luggage rack could be used onmore types of rail passenger vehicles.
However, the cost of this design is greater than the “oven” version, which may
dissuade railway companies from choosing it. High-speed rail is the next generation
of the railway development. In general, high-speed rail would be constructed in large
passenger traffic areas, which suits the design and would cope with high passenger
volumes. The electric version luggage rack would also be suited to those intercity
trains that have a large volume of passengers. On the other hand, commuter trains or
rapid transit operations would not be suited to this design.

Pet compartment
This solutionwould be designed for long-distance passenger trains, so rapid transit

and commuter rail are not suitable for it. Many factors need to be assessed, in order
to see if it is necessary to adopt this design such as passenger opinions, the number of
pets on-board, the public spending on the railway sector etc. Creating an experimental
unit to observe the benefits/drawbacks of this design is recommended.

6 Conclusions

Issues surrounding luggage storage on-board of passenger trains have been studied.
Solutions for luggage and pet storage have been introduced and evaluated against
critical aspects related to luggage (pet), railway company and passenger. Suggested
is that the following solutions can be applied to different types of passenger train:

• Transformed luggage rack (oven): high-speed train, inter-city train (condi-
tional), commuter train (conditional)

• Transformed luggage rack (adjustable table): high-speed rail, inter-city train
• Pet compartment: high-speed train (conditional), inter-city train (conditional)

Implementation of the solutions proposed can result in:

(1) The space of luggage storage becomes larger for each passenger;
(2) Improving of the rate of space utilization, making interior design of passenger

trains more efficient;
(3) Maximizing of the profit of railway companies;
(4) Solving the problem around transporting pets on-board of a passenger train.

References

AIRFRANCE (2017)Conditions for transporting a dog or cat in the hold. [Accessed on 29Sep 2020]
Available at: https://www.airfrance.us/US/en/common/guidevoyageur/pratique/animal_cabine_
airfrance.htm

https://www.airfrance.us/US/en/common/guidevoyageur/pratique/animal_cabine_airfrance.htm


160 Z. Zeng et al.

BayRail Alliance (2017) Types of train. [Accessed on 29 Sep 2020] Available at: http://www.bay
railalliance.org/types_trains

Brice D, Marinov M, Rüger B (2015) (2015) A newly designed baggage transfer system
implemented using event-based simulations. Urban Rail Transit 1(4):194–214

Bicol Express (2012) Philippine national railways. Pnr.gov.ph. Retrieved 04 Oct 2012
Crosscountry (2017)Where can I storemy luggage. [Accessed on 29 Sep 2020] Available at: https://
www.crosscountrytrains.co.uk/on-board-with-crosscountry/luggage

Duddu P (2013) Top ten fastest trains in the world. [Accessed on 29 Sep 2020] Available at: http://
www.railway-technology.com/features/feature-top-ten-fastest-trains-in-the-world

IATA (2015) Global aviation net profit hit a record high this year. [Accessed on 29 Sep 2020]
Available at: http://news.gaotie.cn/hangkong/2015-06-11/247446.html

ICEHigh Speed Train (2017) ICE high speed train. [Accessed on 29 Sep 2020] Available at: https://
www.eurail.com/en/europe-by-train/high-speed-trains/ice

Kelly J, Marinov M (2017) (2017) Innovative interior designs for urban freight distribution using
light rail systems. Urban Rail Transit 3:238–254

Pavel Korsun 2016Kiev-Kherson intercity train operate daily. [Accessed on 29 Sep, 2020]Available
at: https://ukraine-kiev-tour.com/2016/kiev-kherson-intercity-train.html

Ligao N (2015) The coin did not fall for 9 minutes. [online] Available at: http://www.guancha.cn/
Project/2015_07_15_326913.shtml

Lo LP, Marinov M, Rüger B (2020/21) A qualitative study on providing alternative solutions for
handling the HSR passenger’s luggage. Urban Rail Transit (in press)

METROLINX (2010) Rolling stock technology assessment. [Accessed on 29 Sep 2020], Available
at: http://www.gotransit.com/electrification/en/project_history/Appendix%20Files/Appendix%
204.pdf

Rüger B (2008) Efficient high-speed train interiors. [Accessed on 29 Sep 2020], Available at: http://
www.uic.org/apps/presentation/ruger.pdf

Rüger B (N.D.) Efficient railway interiors concepts—theory versus practice [Accessed on 29
Sep 2020], Available at: http://www.ukintpress-conferences.com/uploads/SPRIX15/d2_s0_p6_
bernhard_rueger.pdf

Rüger B (N.D.) Consideration of passengers’ basic needs for designing efficient railway stations.
[Accessed on 29 Sep 2020], Available at: http://publik.tuwien.ac.at/files/PubDat_165536.pdf

SEAT61 (2016) How to travel in mainland Europe. [online] Available at: https://www.seat61.com/
dogs-by-train.htm

SIEMENS (2017) High speed and intercity train. [Accessed on 29 Sep 2020] Avail-
able at: https://www.mobility.siemens.com/mobility/global/en/interurban-mobility/rail-soluti
ons/high-speed-and-intercity-trains/Pages/high-speed-and-intercity-trains.aspx

SIEMENS AG (2014) www.siemens.com/mobility. [Accessed on 29 Sep 2020] Avail-
able at: https://www.mobility.siemens.com/mobility/global/SiteCollectionDocuments/en/rail-sol
utions/high-speed-and-intercity-trains/velaro/velaro-e320-en.pdf

Toal J,MarinovM (2020)A check-in and bag drop service on-board light rail vehicles for passengers
travelling to the airport. In: Marinov M, Piip J (eds) Sustainable rail transport. Lecture Notes in
Mobility. Springer, Cham. https://doi.org/10.1007/978-3-030-19519-9_1

Tripadvisor (2017) Carrying luggage on trains, is it a problem? [Accessed on 29 Sep 2020]
Available at: https://www.tripadvisor.co.uk/ShowTopic-g298184-i861-k10188107-Carrying_lug
gage_on_trains_is_it_a_problem-Tokyo_Tokyo_Prefecture_Kanto.html

Virgin Rail Company (2015) Nobody needs the burden of extra baggage. [Accessed on 29 Sep
2020], Available at: https://www.virgintrainseastcoast.com/rail-travel/your-journey/luggage/

Yeung HK, Marinov M (2019) A systems design study introducing a collection point for baggage
transfer services at a railway station in the UK. Urban Rail Transit 5:80–103 (2019). https://doi.
org/10.1007/s40864-019-0101-4

http://www.bayrailalliance.org/types_trains
https://www.crosscountrytrains.co.uk/on-board-with-crosscountry/luggage
http://www.railway-technology.com/features/feature-top-ten-fastest-trains-in-the-world
http://news.gaotie.cn/hangkong/2015-06-11/247446.html
https://www.eurail.com/en/europe-by-train/high-speed-trains/ice
https://ukraine-kiev-tour.com/2016/kiev-kherson-intercity-train.html
http://www.guancha.cn/Project/2015_07_15_326913.shtml
http://www.gotransit.com/electrification/en/project_history/Appendix%2520Files/Appendix%25204.pdf
http://www.uic.org/apps/presentation/ruger.pdf
http://www.ukintpress-conferences.com/uploads/SPRIX15/d2_s0_p6_bernhard_rueger.pdf
http://publik.tuwien.ac.at/files/PubDat_165536.pdf
https://www.seat61.com/dogs-by-train.htm
https://www.mobility.siemens.com/mobility/global/en/interurban-mobility/rail-solutions/high-speed-and-intercity-trains/Pages/high-speed-and-intercity-trains.aspx
http://www.siemens.com/mobility
https://www.mobility.siemens.com/mobility/global/SiteCollectionDocuments/en/rail-solutions/high-speed-and-intercity-trains/velaro/velaro-e320-en.pdf
https://doi.org/10.1007/978-3-030-19519-9_1
https://www.tripadvisor.co.uk/ShowTopic-g298184-i861-k10188107-Carrying_luggage_on_trains_is_it_a_problem-Tokyo_Tokyo_Prefecture_Kanto.html
https://www.virgintrainseastcoast.com/rail-travel/your-journey/luggage/
https://doi.org/10.1007/s40864-019-0101-4


The Potential of Kazakh Rail Transport
Mode as a Competitive Transit Route
Between Europe and China

Dewan Md. Zahurul Islam, Alima Bissenbayeva, and Thomas H. Zunder

Abstract The purpose of this research paper is to explore the potential of the railway
network of the Republic of Kazakhstan as an effective and competitive transit trans-
port route between China and Europe, as well as ensuring the accrued economic
benefit to the Kazakh economy from the transit flows potentially generated. Kazakh
territory was a major part of the old Silk Road, especially the southern regions of the
current Republic. This was disrupted during the Soviet period, with borders closed
and any transit forbidden. From her independence, Kazakhstan has intended to be
an open and transparent state in terms of world trade and business. This desire has
led the country to make use of her transit potential between China and Europe. To
explore this, the research work applied multiple research methods: Multiple Regres-
sion analysis, Correlation analysis, PEST and SWOT analysis. The findings of the
research allow us to suggest that Republic of Kazakhstan is on the way to reaping
the economic benefits of being a transit state. To achieve the full potential of transit
services, the research recommends a number of actions including strengthening the
scientific support for the industry; formation of intersectoral coordination with focus
on marketing of transport services and logistics; construction and organization of
an international transit corridor “Western Europe—Western China”; formation of
a flexible tariff policy; the elimination of physical barriers to the organization and
operations of domestic transit traffic; and the streamlining of customs procedures;
all to facilitate smooth border crossings.
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1 Introduction

In the modern globalized economy, the importance of freight transport is increasing
for each state, region and continent since both domestic and international freight
transport services directly affect the efficient running and competitiveness of the
economy (Raimbekov et al. 2018). There is a strong relationship between economic
activity and transport demand, it has been suggested that importance of logistics in
international trade hasmade it one of the key elements in the development of a country
(Rezaei et al. 2018, Martí et al. 2014). As a derived demand (Rühl and Boltze 2017)
freight transport demand in Kazakhstan has grown as has economic development.
Logistics transport is particularly important due to the vast territory with a dispersed
low-density population. Due to a variety of reasons (e.g. geographic, historical, etc.)
Kazakhstan has lower integration compared to other major global markets. With
this background, the freight transport plays a crucial role in the development and
implementation of economic ties with neighbouring countries. National and regional
economic growth requires good transport infrastructure, efficient logistics services,
and a business-friendly regulatory environment.

The transport sector of the Republic of Kazakhstan consists of vast railway and
road network, ports including dry ports, air transports and limited sea and inland
waterways transport mode options. Rail transport is the most important mode of
transport in Kazakhstan (TSRK 2015) rail transport is dominant and about 70% of
the cargoes are currently transported by railways. The share of road transport is
gradually increasing and currently, about 20% cargo is transported by road transport
(Bazarbekova et al. 2018; UNECE 2018).

Rail transport is particularly important for the following factors: (1) Kazakhstan
is a big country with low population density (9th world’s largest country with an
area of 2,727,300 km with a population of 18,776,707 in 2020); (2) Kazakhstan is at
the center of central Asia; (3) with no or little waterways transport (both inland and
maritime); (4) with huge distances from Europe to the west, and the East Chinese;
(5) the Kazakh economy is largely raw materials oriented; and (6) has a strong focus
on large scale natural resource extraction well suited to rail (BURKITBAYEV 2000;
Bazarbekova 2018).

Transit costs, as part of the total transport cost, significantly increase the cost
of international trade. According to a report of the World Bank (2009), transit,
economics and politics are closely intertwined. Various factors tend to increase
such costs: geographical location, costly transport systems, the volume of transit
traffic, and the duration and complexity of customs clearance procedures. Many
countries have experienced a hindering of economic development due to the expense
and complexity of accessing world markets (Kuzmina 2013), and such the transport
strategy of the Republic of Kazakhstan (TSRK, 2015) recognizes this as a key issue
for the country.

China (the second biggest economy in the world) to the East and European coun-
tries to the West have become important factors for the Kazakhstani economy. The
purpose of this research paper is to explore the potential of the railway network of
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the Republic of Kazakhstan as an effective and competitive transit transport route
between China and Europe, as well as ensuring the accrual economic benefit to the
Kazakh economy from the flows moving through the country.

Section 2 of this paper discusses the literature review followed by Research
Methodology in Sect. 3. Section 4 describes Data Analysis that includes: Multiple
Regression in subsection 4.1; PEST analysis in subsection 4.2 and SWOT anal-
ysis in subsection 4.3. Section 5 discusses the findings of the research followed by
conclusion and recommendation in Sect. 6.

2 Literature Reviews

The transport and communication sector has a share in the country’s GDP of 11%
and about 7% of the economically active population is employed in the transport
industry (Republic of Kazakhstan 2010). We conducted a state-of-the-art literature
review on the rail freight transport system of the Republic of Kazakhstan focused on
four main aspects displayed in Fig. 1.

2.1 Historical Perspective

The priority of the newly independentKazakhstan in 1990was to re-align and restruc-
ture the transport sector including railways, which had been aligned as per the needs
of the Union of Soviet Socialist Republics (USSR). With the changing trade patterns
of the new geopolitics the origins and destinations of the rail routes have proven
quite different to contemporary needs for national and international trade. Kaza-
khstan’s rail system was designed ignoring inter-soviet-republic borders and to cater
to the needs of Moscow led USSR planning and development. This means that the

Fig. 1 The main aspects of
literature review
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previously designed some of routes are not suitable for modern-day Kazakhstan’s
economic needs and needs re-alignment or new connections (Bazarbekova et al.
2018). This has caused border problems in the post-Soviet world, for example, the
route from Uralsk to Aktobe passes briefly through Russian territory, introducing a
potential border delay.

The transit and trade of Kazakhstan was dependent on Russia and other ex-USSR
countries. After 1990, this dependency started decreasing slowly but steadily and
the international trade with other countries including European countries and China
started increasing. There has been and continues to be significant economic growth in
Central Asian (comprised of five former Soviet republics: Kazakhstan, Kyrgyzstan,
Tajikistan, Turkmenistan, and Uzbekistan) countries and the CIS (with member-
ships of 12States—Armenia,Azerbaijan,Belarus,Georgia,Kazakhstan,Kyrgyzstan,
Moldova, Russia, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan.) as a whole.
Particularly, Kazakhstan and its Central Asian neighbours, as well as Russia, began
to rebuild trade ties with China. The rail network was developed taking into account
ofmajor and heavy resources such as agriculture, energy andminerals (TSRK, 2015).
Aswith other economiesmodern transport needs to be able to cater to different needs:
for example, transport of high value manufactured goods in containers.

The rail sector was organized for both infrastructure and operations as part of a
centralized command economy, and as the Kazakh economy transitions to a market
economy, these organizational, structural, monetary and operational frameworks
havebeen re-assessedwith a view tofinancial, social and environmental sustainability
and meeting modern day customer requirements with attractive market offerings.

This new geopolitical, economic and trade environment has created a need for
both construction and re-alignment of transport networks in Kazakhstan.

2.2 Current Circumstances

The latest Logistics Performance Index 2018 (LPI) (World Bank 2018a) suggests
that the overall logistics system in Kazakhstan has improved (from a global ranking
of 85 in 2012–71 in 2018) as has the big neighbour Russia (from a global ranking
of 95 in 2012–75 in 2018) (World Bank 2018a). The global LPI 2018 is prepared
based on six key performance indicators such as customs clearance; infrastructure;
international shipments; logistics competence; tracking and tracing; and timeliness.
A critical review regarding this performance would reveal that the performance in
all aspects are in the ‘average’ position, particular attention is needed in customs
clearance and tracking and tracing aspects to improve is performance.

Global international trade created opportunities for transit between European
countries and Asia where millions of containers are being transported mainly via
maritime transport every year. If the transport system of Kazakhstan could be
improved and competitivewith globalmaritime transport option, a significant portion
of these movements of containers could pass through the territory of Kazakhstan
(Erniyazova et al. 2014). The main problem towards this includes the low level and
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quality of transport infrastructure, particularly in rural territories where the popula-
tion is not so big. The most significant problem of the Kazakh transport system is
the high cost of transport services, causing lower competitiveness compared neigh-
bouring countries. For example, the cost of exporting one container of cargo in
Belarus is estimated at $1.800, in Russia—$1.850, in Kazakhstan—$ 3000 (World
Bank 2019). That is, shipping one container fromKazakhstan is 50%more expensive
than from Russia or Belarus.

The share of transport sector in GDP constitutes about 9% (1160 billion tenges)
(Bazarbekova et al. 2018). However, the level of development of transport and logis-
tics systems as awhole is assessed as insufficient. Particularly,Kazakhstan’s transport
infrastructure is characterized by a significant lag in the use of modern transport tech-
nologies including information systems. The technical and economic characteristics
of themajority of vehicles including new ones are significantly lower than the param-
eters adopted in the developed countries. Low technical characteristics (e.g. lack of
container carrying wagons), outdated design manufactured domestically as well as
imported from neighbouring countries, leads to a preference for the purchase of vehi-
cles produced in developed countries. Overall, the current stage of development of
themarket economy ofKazakhstan in transport has not yet led to the effective interac-
tion of various modes of transport based on the development of logistics (Mazhorova
2011). Towards this, the structural adjustment and the development of the transport
infrastructure is taking place (Nurly Zhol 2015).

2.3 Transit Route and Potential

Transit can be a powerful tool for realizing a country’s geographic location and
capabilities to provide and maintain international transport flows between different
regions. In a number of countries such as the Netherlands, Singapore, etc., transit or
trans-shipment is a significant source of income through value adding activities and
employment and thus plays an important role in the development of the country’s
economy. Kazakhstan has a favourable geographical position at the junction of two
economically significant parts of the world—Europe and Asia. The main advantage
possessed by transit corridors passing through the territory of Kazakhstan is a signifi-
cant reduction in distances and hence supply lead-times. When transporting between
Europe and China through Kazakhstan, the distance of transportation is reduced by
half compared with the sea route and by a thousand kilometres compared with transit
through the territory of Russia.

The United Transport and Logistics Company—Eurasian Railway Alliance
(UTLC ERA), operator of transit container services between China and Europe, was
established by the national railways of the transit countries—Russia, Kazakhstan and
Belarus, in which the co-founders own 33.33% of the shares (UTLC ERA 2019).
Each member has its own competitive advantages, the synergy of which allows them
to develop a joint project. Kazakhstan iswitnessing a gradual increase in international
rail transport in transit from China to Europe and vice versa. In addition, through
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integration with existing transport corridors, including the Chinese One Belt—One
Way, the country gained access to the sea. So, in order to develop unhindered interna-
tional trade, the formation of theKhorgos-VostochnyeVorota free economic zone has
been completed on the border with China (Sukhoverkova 2019). The infrastructure
includes a dry port along with the industrial and logistics zones.

Offering efficient and effective transit to the neighbouring countries is a valu-
able strategic resource that can give the country the opportunity to fully realize
its economic potential, ensure effective integration of the country into the world
economic system and thereby raise the country’s economy to a new level. Transit
time on rail routes from China to Europe and back through Kazakhstan continues
to decline, while container traffic is growing. Container transit traffic through Kaza-
khstan maintained the growth trend and increased only over the 5 months of 2019
by one and a half times, compared to the same period last year, amounting to 240
thousand containers (Grom 2019; Kamaliev 2019).

The projects envisaged by Kazakh Government’s programs are aimed at devel-
oping and improving infrastructure, the construction of new transport facilities and
the repair of existing transport networks and the establishment of public and private
partnership (PPP) investments. For example, it was planned to invest 2.8 trillion
tenge (about US 6,468,312,760 at current exchange rate) in the implementation of
programs for the development of the country’s transport system. Realization of the
transit potential is one of the priority areas of the economic policy ofKazakhstan. The
state programmes, aimed at creating effective ways to use the country’s transit poten-
tial, include the Strategic Plan for the Development of the Republic of Kazakhstan
until 2020, the Development and Integration of the Infrastructure of the Transport
System of the Republic of Kazakhstan until 2020, and the Transport Strategy of the
Republic of Kazakhstan until 2020.

Overall, there is a noticeable improvement in the socio-economic situation in the
Republic of Kazakhstan, a general increase in the solvency of the population, an
increase in industrial production, and an increase in goods turnover in foreign trade,
wholesale and retail trade. This stimulates, in particular, the growth of investments
in the development of the transport and logistics system and the creation of a modern
logisticswarehouse infrastructure in the country. The corridorswill have to contribute
to economic development of adjacent midland areas, as well as to economic and
political integration of extensive Eurasian space (Omarbekovich et al. 2017).

2.4 Factors for Future Growth and Actions Needed

Sukhoverkova (2019) discusses the importance of Chinese initiative of the Silk Road
Economic Belt. We already discussed that the volume of container traffic on land
routes China—EAEU (Eurasian Economic Union)—Europe is growing annually,
albeit from a very low base. Responding to changes in the pricing environment (e.g.
competition with maritime route), shippers began to more actively use land transport
routes. However, with the growth of containerized cargo flows, we fear that the
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efficiency of logistics will decrease as there is a lack of extra transit capacity which
may affect the preferences of shippers in near future. It is a fact that Kazakhstan lacks
modern warehouse and terminals (Tityukhin and Ovcharenko, 2011). To solve this
problem, the construction of modern container terminals with value added logistics
services (so called logistics hubs) is necessary. Their appearance, along railway
routes will increase the total transit capacity. Considering the population density
in a few cities, it is estimated that by building three or four modern container hubs
connectedwith railway route inKazakhstanwill be able to achievemore than doubled
throughput in transit and reduce the cost (Abdullayev et al. 2016).

But, the presence of a high share of single-track sections in the railway network
significantly limits the speed of trains, especially with a high degree of traffic inten-
sity. Semak et al. (2017) argue that due to the single-track section, the carrying
capacity of rail routes, its operational indicators (especially the speed of movement)
sharply (more than 50%) worsened due to the increase in stops at the crossing or
railway sidings. Therefore, there is an urgent need to build and establish double-
tracks (on the part of rail route with single track) so that it can be of world standards
with for international transport corridors.

Another important issue is that the depreciation of railways has now reached 70%
due to the inefficiency of the existing system for their restoration and modernization.
This negatively affects the contribution of the rail freight transport component in the
cost of goods and services and the competitiveness of Kazakhstan transit routes. In
addition, such systems cannot guarantee the necessary reliable transit time and traffic
safety. Also, they require significant operational and maintenance costs to maintain
them in working condition.

Another important issue is the training and educating management and staff
with knowledge and skills who understand the importance of today’s national and
international trade requirements and the needs of improved coordination among
different actors in transport chains and supply chains. Keeping this fact in mind, the
Kazakh Academy of Transport and Communications was opened a decade ago with
a specialty “organization of transportation and logistics in transport” to train and
educate personnel required in transport and logistics sector. But more institutions are
needed to cater the needs of the sector.

Warehouse real estate differs in its functions: for example, the requirements for
the storage of pharmaceutical products are completely different than for the storage
of metal products. The latter can be located in open areas, while for different groups
of drugs you need to constantly maintain the required temperature and humidity or
other factors, which can affect during the storage period. The same applies to fruits
and vegetables and other food products: experts indicate a shortage of warehouses
with suitable temperature conditions depend on the level of investments, to each
classes of warehouses.Moreover, the division of warehouse real estate in Kazakhstan
approximately corresponds to international requirements (Tityukhin andOvcharenko
2011). There is a significant need of improved warehouses (for example, for storage
of apple fruits) in Kazakhstan.
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Today, in large cities (such as Almaty) there are no transport and logistics centres
(TLCs) that could fulfil the task of distribution centres or wholesale centres (whole-
sale sites), while acting as a major link between manufacturers, wholesalers and
retailers along the supply chain distribution networks. The shortage of TLCs spaces
and, consequently, high rental rates, high logistics and storage costs determine the
overall inefficiency and non-competitiveness of the entire trading system. Infrastruc-
ture issues (space, engineering, logistics and warehousing) are currently the least
studied part of the trade industry, although there is significant potential for improving
the efficiency of the entire system. It is necessary to create infrastructure and facilities
with modern transport and logistics system including TLC network in Kazakhstan
(Raimbekov et al. 2016).

There are a number of shortcomings in the national legislation, which negatively
affects the use of the transit potential of the Republic of Kazakhstan. In particular,
there are no clear legal norms for ensuring multimodal transportation throughout the
republic. The implementation of these shipments is regulated by the Civil Code of
Kazakhstan and the Law of the Republic of Kazakhstan on transport. But the Civil
Code (CC) does not specify the legal conditions for the implementation of these
shipments, i.e. in what form the contract of carriage in mixed/combined traffic can
be concluded. The provisions of the Civil Code only established that the relations
of transport organizations during the carriage of goods, passengers and baggage by
different modes of transport are carried out according to a single transport docu-
ment, and the procedure for organizing these transportations is determined by agree-
ments between organizations of the respectivemodes of transport concluded in accor-
dance with legislative acts on direct multimodal transport. However, how the unity of
transportation is achieved, the Civil Code does not indicate (KazNU bulletin 2015).

The republic has not yet acceded to a number of major international conventions.
For example, the Barcelona Convention and the Statute of Free Transit are still
among the international documents that are priority for the accession of the Republic
of Kazakhstan. Under the provisions of this convention, the transit passage should
not be subject to any special charges, with the exception of covering administrative
expenses associated with such transit (Kazinform 2016). The implementation of
this convention by Kazakhstan would certainly contribute to the development and
efficient use of the transit potential of the country.

Kazakhstan has not yet acceded to the ATA Carnet Customs Convention (2004),
which is aimed at the free movement of goods across borders and their temporary
import into customs territory with exemption from duties and taxes. The successful
integration of the country into the world community, of course, involves joining these
international documents, which will become an important factor in increasing transit
traffic in Kazakhstan and enhancing trade and economic cooperation with external
partners.
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3 Research Methodology

This research paper consists of literature review (conducted in Sect. 2) on transit
transportation (including rail and road) of Kazakhstan to assess and identify current
status and issues, problems and prospects. Data was collected from the statistical
department documents published in the statistics committee of the Republic. Data
was also derived from the annual reports publication in the official publication of
JSC Kazakhstan Temir Zholy (KTZ) and from other sources such as World Bank,
(see appendix I and II). The current research applies multiple analytical techniques.
Multiple regression analysis is complemented with the PEST (Political, Economic,
Social and Technological) and SWOT (Strength,Weakness, Opportunity and Threat)
analyses. With these methods this research explores the prospects of rail and road
transit transportation development in Kazakh railway and road with future transit
integration with Europe, Russia and China. In brief, the following research methods
have been used:

– Theoretical analysis;
– Documentary analysis;
– Observation;
– Comparison;
– Induction and deduction;
– Quantitative methods;

With the collected data, we conducted calculations in order to analyse Kaza-
khstan’s income from railways and road logistics for 18 years1 and then applied
appropriate methods of analysis.

4 Data Analysis

4.1 Multiple Regression Analysis (in Excel)

Multiple Regressions are way of forecasting the meaning of a dependent variable,
leaned on themeaning of two ormore independent variables. Themultiple regression
equation is as follows:

Y
∧

= b0 + b1X1 + b2X2 + · · · · +bpX p

Quantitative methods such as multiple regression start by identifying dependent
& independent variables, which we did and list in Table 1.

We managed and fitted the formula above according of the quotation of Gunst
and Mason (1980), where Ŷ is forecasted and anticipated value of the dependent

1 relevant data indicated in Appendix 1 and 2.
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Table 1 Dependent variable and independent variable or factors

Dependent variable Independent variable or factors

Kazakhstan income from railways and road for
18 years (million USD)

Transportation of goods by railways and roads
(million tons) for 18 years

Railway and road freight turnover (billion
ton-km) for 18 years

Export (million USD) for 18 years

Import (million USD) for 18 years

Railway and road transport lines length (km)
for 18 years

GDP of KZ (billion.USD) for 18 years

Population of KZ million for 18 years

variables such as Kazakhstan Income from Railways and Kazakhstan Income from
Road transit, X1 through Xp are P specific independent variables—Transportation
of goods by railways/road, Railway/Road freight turnover, Export turnover, Import
turnover, Railway/Road transport lines length, GDP of KZ, Population of KZ, b0
(intercept) is the value of Y when all of the independent variables (X1 through Xp)
are equal to zero, and b1 through bp are the estimated regression coefficients. Each
regression coefficient represents the change in Y relative to a one-unit change in the
respective independent variable. In the multiple regression situation b1, for example,
is the change in Y relative to a one-unit change in X1, holding all other independent
variables constant (i.e., when the remaining independent variables are held at the
same value or are fixed). We are estimated output of regression analysis for Railways
and Road Income by using data from official source of Kazakhstan Temir Zoly and
Department of Statistical Committee and receive output.

The Railway and Road output description of Regression analysis:
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Source The data from annual reports of KTZ and Statistical Agency (2018)

R Square
R Squares for Kazakhstan Income from Railways and Road equals 0.997 and

0.947,which are a very goodfit. 99%and 94%of the variation forKazakhstan Income
from Railways and Road are explained by the independent variables Transportation
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of goods by railways/road, Railway/Road freight turnover, Export turnover, Import
turnover, Railway/Road transport lines length, GDP of KZ, Population of KZ. The
closer to 1, the better the regression line fits the data.

Coefficients
Kazakhstan income from Railways and Road = 425.826/303.366 × Trans-

portation of goods by Railways/Road + 775.189/531.085 × Railway/Road
freight turnover + 11,747.66/1303.877 × Export turnover + 6978.33/1076.796
× Import turnover + 60,421.31/328.925 × Railways/Road transport lines length
+ 21,865/227.67 × GDP of KZ + 139.201/25.026 × Population of KZ +
32.878/62.429 × Intercept.

The coefficients indicate that Kazakhstan’s income from railways and road logis-
tics is dependent on these factors, whichmeans that if one of these indicators increase
to positive side thenKazakhstan’s Income fromRailways and Road logistics also rise
up or vice versa. From this we conclude that the factors are strongly interconnected
thereby changing or innovating for one or more factors can significantly affect the
positive dynamics of income growth for railways and roads.

Correlation analysis (in Excel)
A Correlation analysis was conducted for Kazakhstan’s income from railways

and roads.
For the analysis we propose the hypothesis:

• H0 =0→ income fromRailway andRoad and factors have a veryweak correlation
and do not depend on each other;

• H1 = 0 → Income from Railway and Road and factors have a strong correlation,
it should be greater than 50%/0.5 and factors depend on each other; (Table 2).

The above findings show that the coefficient for Kazakhstan’s Income from Rail-
ways and Road transportation has a strong positive correlation between these indica-
tors. Correlation of regression composes more than 50% of the relationship between
factors and the results of calculations. From the quantitative analysis we can find
that Kazakhstan’s income from Railways and Road totally depend on economic
and political factors such as the variables transportation of goods by railways/road,
Railway/Road freight turnover, Export turnover, Import turnover, Railway/Road
transport lines length, GDP of KZ, Population of KZ which indicate and influence
to the overall picture of railways and road development.

4.2 PEST Analysis

We then conducted a political, economic, social and technological factor analysis
(PEST) of the rail and road transport sector (Table 3).

PEST Analysis Details
Political factors
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Table 2 Summary output for Kazakhstan’s income from Railway and Road below:

Kazakhstan Income from Railway and Road for
18 years (million USD)

Transportation of goods by Railways and
Roads (million tons) for 18 years

Rail: {1; 0.926715}

Road: {1; 0.8365232}

Export (million USD) for 18 years Rail: {1; 0.978868}

Road: {1; 0.8621599}

Railway and Road transport lines length (km)
for 18 years

Rail: {1; 0.753071}

Road: {1; 0.8441256}

Population of KZ million for 18 years Rail: { 1; 0.9445374}

Road: { 1; 0.8813582}

Railway and Road freight turnover (billion
ton-km) for 18 years

Rail: {1; 0.9612084}

Road: {1; 0.82673758}

Import (million USD) for 18 years Rail: {1; 0.8889783}

Road: {1; 0.70996941}

GDP of KZ (billion USD) for 18 years Rail: {1; 0.9533459}

Road: {1; 0.7192286}

Table 3 PEST analysis of the rail and road industry

Political factors
1. Legislative amendments and acts in the rail

and road industry of Kazakhstan
2. State support of major structural projects
3. Sustainability of political power and the

existing government

Economic factors
1. To increase/adjust in tariffs and decrease in

monopolies
2. Fluctuations in the exchange rate
3. Growth rates of the economy
4. Degree of globalization and openness of the

economy

Social factors
1. Training and education in transport and

logistics sector
2. Preferences of end-users of products
3. Attitude to work, career, leisure, and

retirement

Technological factors
1. Use of new equipment and technologies
2. Research and development, in particular

applied researches
3. Access to the IT technologies
4. The degree of use, introduction, and transfer

of technologies

(1) Legislative amendments and acts in the rail and road industry of Kazakhstan—
This sector is regulated by the following amendment “The Law of the Republic
of Kazakhstan dated September 21, 1994 No. 156-XIII On Transport in the
Republic of Kazakhstan”.

(2) State support ofmajor structural projects—Government is supporting transport
field by some investment projects, such as Nurlu Zhol strategy, Development
programs of transport until 2020 and Strategy 2050.

(3) Sustainability of political power and the existing government. Actually, Kaza-
khstan is ruled by the same political power and party for the last almost thirty
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years, and because of this stability of the country has opportunities to invite
foreign investors without any problems of escalation.

Economic factors:

(1) To increase or adjust in tariffs of natural monopolies—considering cost
involved in offering services to customers in China, Russia and Europe, the
operators need an increase in tariffs on naturalmonopolies and steps to decrease
the monopolies.

(2) Fluctuations in the exchange rate—until 2015 Kazakhstan had state-controlled
exchange policy. Because of this we had several devaluations. Now KZT rate
goes according to the external factors such as political stability and oil prices,
and volatility rate.

(3) Growth rates of the economy—Kazakh economy is growing at about 4%
annually.

(4) Degree of globalization and openness of the economy—Kazakhstan is open
country for the FDI and tourism. The country is being part of the globalization
and it is stated that there are no limits for the collaborations with the global
community.

Social factors:

(1) There is a lack of trained and educated personnel in transport and logistics
sector. TheKazakhAcademy of Transport andCommunications has a specialty
“organization of transportation and logistics in transport” (Timofeeva, 2019).

(2) Preferences of end-users of products—themain advantageof the transit through
Kazakhstan is that end-user users Asia-Europewill get their products in shorter
time thanbefore, facilitatingbackup routes aswell as backbones, and increasing
supply chain resiliency to global shocks such as COVID-19.

(3) Attitude to work, career, leisure, and retirement—particularly in freight
transport sector, normally freight transport sector male dominated.

Technological factors:

(1) Use of new equipment and technologies—currently Kazakhstan does not
use new technologies in the logistics and border transition (for example, for
customs clearance). It needs to be updated for the new opportunities.

(2) Research and development—this sector nowadays is not developed in term of
applied researches; There are not so many local experts and scientists to enrich
the sector for the new approaches. Currently all the new things and ideas come
from the international experiences and investments.

(3) Access to the IT—tracking and tracing technologies are there but not so effec-
tive, for example, we can only track trades only by reaching destinations, not
in real time.

(4) The degree of use, introduction, and transfer of technologies. For example,
currently there are no technological updates in the warehouses and transporta-
tion hubs, due to human (lack of skilled personnel) factors playing a huge role
on the quality of the delivering products, and companies are responsible for it.
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4.3 SWOT Analysis

Furthermore, we present a strength, weakness, opportunity and threat (SWOT) anal-
ysis for the rail and road transport in the context economy of Kazakhstan (Table
4).

Table 4 SWOT analysis of the rail and road industry

Strengths:
Constructive and dynamic domestic and
international trade and investment policy of the
Republic of Kazakhstan with providing
political stability, conducive to the normal
operation of rail and road logistics
The favourable investment climate, the
readiness of foreign investors to invest in rail
and road logistics
High level of investment activities from
investors from China, Europe, etc
Potential for the development of new rail and
road transit capacities
Developed a legislative base in the field of rail
and road logistics
State support for investors

Weaknesses:
Complex and poor rail and road logistics
conditions due to its past USRR legacy
Remoteness from the main world markets
Dependence on transit countries to enter
markets such as Europe and third countries
Deficiency of investment resources due to the
high capital intensity of projects and the
financial crisis (oil price)
High wear and tear of rail and road logistics
due to weather conditions
Poor quality of construction materials usage
and lack of actual quality assurance system in
place in building warehouses, rail, and road
compared to, for example, European standards
Lack of staff, technical staff, logistics
specialists at middle and senior engineers and
management

Opportunities:
Big economies such as China at the East,
Russia at the North and European continent at
the West. There is a huge flow of goods and it
is likely to grow
If the Kazakh freight transit system can offer
efficient and effective services, it can attract
high goods turnover by using transit
transportation, allowing companies to export
more
Keeping the above opportunities in mind, there
is investment opportunities in the construction
of new warehouses and reconstruction of rail
and road ways that can significantly increase
the amount of revenue and the share of cash
receipts
Achieving higher employment of the
population of Kazakhstan

Threats:
To exploit the great opportunity of offering
transit services to economies such as China and
Europe, Russia (i.e. transit route through
Russian) is the biggest threat for Kazakh
freight transit system
Possible changes in the policy and tariffs for
the transit of logistics from transit-seeking
countries (in Russian, China and European
countries)
Development of transit transportation projects
in Russia bypassing the territory of the republic
Extensive experience and technical capacities
in neighbouring countries (particularly Russia),
which enhances their competitive advantages
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5 Discussion

The growth of transit traffic increases the usage of the transport capabilities and
assets, thus stimulating their reproduction and improvement. A consequence of the
growth in transit traffic may be an increase in national revenues that includes the
revenues of transport organizations and, accordingly, their effective development.
The transport transit potential has two main components—the presence of demand
for transit in the neighbouring countries’ markets and the efficiency of the transport
system.

The transit tariff policy of Kazakhstan routes, like any business entity, should aim
at increasing net income. But we must understand that the development of transit
traffic takes place in the conditions of fierce competition with alternative routes (e.g.
through Russia) and modes of transport. From the analysis of coefficients, we find
that the coefficient for Kazakhstan’s income from railways and road transportation
has strong positively correlation between these indicators making that income almost
totally dependant on these factors. Despite its advantageous territorial location, the
winner in this competition for large-scale profit is the one who ensures the optimal
level of tariffs and quality of deliveries for transport companies and ultimately ship-
pers and consignees i.e. cargo owners. The size of the possible income is estimated
by experts at US $2 billion per year in World Trade Report (WTR, 2018). So far, in
Kazakhstan, the cost of road and rail transport remains high due to, amongst other
factors, the unsatisfactory condition of infrastructure. The development of Kaza-
khstan’s transit will contribute to the growth of production, employment and other
social development in the regions where transport corridors will run.

The active participation of the Republic of Kazakhstan in transport services can
be said to have a number of positive consequences for socio-economic development.
Transit transportation potentially brings profits to the entire transport sector. This
argues for the comprehensive development of the transport sector (e.g. railway line
upgrading to double line;) and further modernization or reform of the economy. It is
necessary to ensure the accelerated development of infrastructure, logistics, renewal
of fixed assets and rolling stock, and implementation of competitive tariff policy
(keeping the competitors in mind) as well as the stabilization of transit freight flows
passing through the country.

The prospects for the advancement of railway transport in Kazakhstan incorporate
the arrangement of a branched transport framework and the development of the
modern express railways. The formation of a unified transport system in Russia and
Kazakhstan is favourably influenced by the possibility of expanding the 1,520 mm
gauge space and the proposal to extend the wide gauge from Kosice, Slovakia, to
Vienna by building a e6.5bn 400 km electrified freight-only line.2

It is necessary to coordinate the interaction of the state and private owners of
railway transport in the name of public private partnership. As part of the trans-
port strategy, railway reform has gone in two directions: on the one hand, the state is
gradually creating a full-fledged competitive environment, on the other; it is directing

2 https://www.railjournal.com/freight/austria-backs-broad-gauge-extension-to-vienna/.

https://www.railjournal.com/freight/austria-backs-broad-gauge-extension-to-vienna/
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large-scale investments in updating and modernizing the entire infrastructure. Enter-
prises of repair, service, and social and cultural life were transferred to the compet-
itive environment. The transport sector has created conditions for the development
of private carriers. According to Nazarbayev (2015) by the end of 2006, private
wagons in Kazakhstan already accounted for about 35% of their total fleet, and by
2010 they had grown to 60%. The “first signs” of private business appeared on the
passenger transportation market, where traditionally work was considered unprof-
itable. In 2018, “JSCNCKazakhstan Temir Zholy” acquired 152 imported passenger
cars. As part of the program to upgrade the locomotive fleet until 2015, it was planned
to modernize 75 trunk diesel locomotives, 190 units of trunk electric locomotives.
It planned to purchase more than 300 new trunk diesel locomotives, 40 passenger
electric locomotives, and about 500 shunting diesel locomotives (KTZ, 2018).

According to the data of “JSC NC Kazakhstan Temir Zholy”(2018), 1,700 km of
new railway lines built in recent years, as well as a number of logistics infrastructure
facilities, allowed the industry to formanewarchitecture of transcontinental transport
corridors,which gives significant dynamics to transit traffic fromChina toEurope and
vice versa. The high growth dynamics of container transportation on Kazakhstan’s
transcontinental routes allowed the company to increase the share of transit traffic
revenues. In Kazakhstani practice, this type of transport service has been used for
more than one year, and during this time it has formed as a whole direction in the
sphere of transit cargo transportation. In the future, as representatives ofKTZExpress
note, the route-speed principle of transporting goods over long distances can take a
more significant place in the overall system of Kazakhstan’s transit.

According to WTR (2018) currently, about 100 container trains pass through
the territory of Kazakhstan in 11 directions. The volume of transit compared to
2011 increased by almost 100 times. In 2018, 105 thousand containers were handled
in twenty-foot equivalent, which is twice as much as a year earlier. In the near
future, another container trainwill be launched along the routeChina—Kazakhstan—
Turkmenistan—Iran. This decision was made at the end of May following a meeting
in Almaty of representatives of the railway administrations of these four countries.
As noted by NC “KTZ” (2018) these agreements will contribute to an increase in
transit traffic through the territory of the Republic of Kazakhstan.

A significant annual investment is being directed to the development of the road
network of Kazakhstan. However, the pace and quality of reconstruction and reha-
bilitation of road infrastructure do not keep pace with the pace of destruction of
the pavement, which negatively affects the efficiency of transport work, the tech-
nical condition of vehicles (Nazarbayev, 2014). The unsatisfactory condition of the
road surface leads to a decrease in speed, an increase in transit time and opera-
tional transport costs, and an increase in the accident rate. The axle load of modern
vehicles exceeds the capabilities of existing roads. The establishment of standards
such as limits on the volume of freight and size of trucks should have an impact on
maintaining the quality of roads. However, a more realistic way to bring the road
infrastructure in line with needs is to search and introduce additional mechanisms
for private funding for the development of road, which will allow developing road
construction and reconstruction of the road network in accordance with the need.
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As a result of the above-mentionedmeasures, Kazakhstan is steadily improving its
performance in transport sector. The International LPI (2018) produced by theWorld
Bank,Kazakhstanhas improved (compared to that of 2016) it’s by11positions, taking
77th place among 160 countries. This indicator ofKazakhstan is better among theCIS
countries (Ukraine—80th, Russia—99th place, Uzbekistan—118th, Kyrgyzstan—
146th), which once again proves the leading and important role of Kazakhstan in
transport the logistics system of Eurasia.

In summary, we find that transport is a complex industry, carrying out its activities
in cooperation with all sectors and economic sectors of the republic. Different types
of transport aremanagedwithin the framework of severalministries and departments,
which requires close coordination and ensuring methodological unity in approaches
to development strategies. The main constraints in the development of the transport
complex are:

• Poor state of transport infrastructure and in some cases poorly aligned infrastruc-
ture; and outdated transport fleet that need update slowly but surely;

• Insufficient investment in the sector as a whole and especially in road and rail
transport;

• Insufficient use of innovation, technology and learning foreign experience.
• The lack of qualified personnel for transport and logistics sector; it lacks

international standards of training and retraining.

To ensure successful long-term development of freight transport sector, we need to
increase the quality of transport infrastructure and services. For this, it is necessary
to apply an integrated approach to the analysis and determination of a promising
strategy for the development of the industry, to develop and implement a system
of measures to reform the economic model, improve the institutional structure, and
optimize regulation of transport development by the state. It is also necessary to
formulate an industry-wide system of training, retraining and continuing education
for workers in transport and logistics, taking into account international experience.

6 Conclusions and Recommendations

World trade has developed rapidly over the past two decades.Due to the advantageous
geographical location of Kazakhstan for the passage of cargo transit flows between
Europe and Asia, the country’s different sectors including transport can increase
activities and thereby revenues. To achieve such a goal, Kazakhstan needs to create
a modern transport infrastructure that ensures the transit of goods between the East
and the West, which corresponds to the level of developed countries involved in
transport integration. The ability to take advantage of its natural geographical advan-
tages requires bringing the transport system of Kazakhstan in line with international
requirements and standards, which implies the need tomodernize the industry.More-
over, this work is to be carried out as soon as possible so that competitors do not seize
the initiative in their own hands, providing alternative Kazakhstani transport routes
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and a level of service for freight and passenger transportation that meets international
requirements.

Prospects for the development of railway transport in Kazakhstan include the
formation of branched transport infrastructure and the construction of new express
routes, door-to-door service development (Islam 2014), as well as improving the
condition of existing routes in order to increase their actual speed and service level.
To increase the level of corporate governance, it is advisable to attract knowledge-
able and experts in the field, if needed foreign, managers to the management of JSC
“NC KTZ”, which would make it possible to raise the company’s management to
the international level by introducing the best world business and operational prac-
tices. For subjects of the railway industry operations, it is advisable to develop a
personnel policy. Together with the Ministry of Education and Science, it is neces-
sary to improve personnel training for the railway operations through vocational
education institutions and to form a system of continuous training for employed
workers in the railway industry.

It is advisable to develop and implementation of economic reform that is suitable
for service sector (so that the freight and logistics service can be offered in a free
and fair competition basis) and improve the institutional governance structure. As
part of this activity, it is necessary to develop the marketing of transport services,
which will allow for the formation of a more informed industry strategy. Also, it
is necessary to improve corporate governance in the transport sector, in order to
bring the activities of transport companies and individual entrepreneurs in line with
increased requirements for the transport industry. It is advisable to unite individual
entrepreneurs working in transport into unions and associations.

It is necessary to create an industry-wide training system based on modern inter-
national training standards adapted for Kazakhstani conditions, as well as to create
an industry-wide system of continuous (lifelong) education, retraining, qualifica-
tions for transport workers and the logistics sector, taking into account international
experience. The transport industry needs to strengthen scientific support for improve-
ment of service offerings. It is also advisable to organize interaction and cooperation
between industrial science and educational transport educational institutions, which
will increase the quality of training and will contribute to the relative saving of costs
for the maintenance of industrial science.

It is necessary to continue work on bringing reforms in legislative and regulatory
documentation and technical regulations in line with international requirements and
standards, as well as conclude tariff agreements with all partner countries. With the
participation of international experts and Kazakhstani scientists, within the frame-
work of pilot projects, it is advisable to work out measures to eliminate the negative
factors of modern practice of insufficient efficiency and misuse of investments in
transport, as well as improve existing tendering practices that lead to lower road
repair quality, and create an independent/state control system in this area. It is advis-
able to develop a state program of comprehensive measures to improve transport
safety in cooperation with experts in the field of social and educational policies.
Under this program, provide measures to increase the transparency of the industry,
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regulatory authorities, as well as measures to improve transport statistics, taking into
account international experience.

Kazakhstan is less-integrated with the major global markets. Transport plays a
crucial role in the implementation of interstate ties. Their intensive growth presents
new, increased requirements for the development of the transport infrastructure and
regulatory policy, on the state of which the results of the development of the domestic
economy of the republic and international cooperation depend to a large extent. The
solutions to the problems of Kazakhstan’s transport sector require:

• Strengthening the scientific support for the industry, conducting design studies
and developing industry-specific recommendations for future development, taking
into account of international experience.

• Formation of intersectoral coordination with other sectors based on marketing of
transport and logistics services.

• Construction and organization of transit traffic within the international transit
corridor “Western Europe—Western China”.

• For the development of transport sector, it is necessary to introduce modern
methods of logistics andmarketingwith the feedback andwishes of the population.

• Introduction of environmentally friendly and energy-saving technologies,
increase the economic efficiency of motor vehicles (based on the introduction
of modern methods of organizing transportation, use marketing and logistics) and
develop technical standards based on international requirements.

• Formation of a flexible tariff policy in the field of transit traffic and the elimination
of physical barriers to the organization of transit traffic, in particular, customs posts
and border crossings.

Appendix 1

Data for Regression and Correlation Analysis. Retrieved from Statistical Agency
(2018) and World Bank (2019)



The Potential of Kazakh Rail Transport Mode as a Competitive … 181

Y
ea
r

K
Z
in
co
m
e
fr
om

ra
ilw

ay
s
m
ln
.

U
SD

T
ra
ns
po

rt
at
io
n

of
go
od
s
by

ra
ilw

ay
s
(m

ln
to
ns
)

R
ai
lw
ay

fr
ei
gh

t
tu
rn
ov
er

(b
ln

to
n-
km

)

E
xp
or
t(
m
ln

U
S

do
lla

rs
)

Im
po
rt
(m

ln
U
S

do
lla

rs
)

R
ai
lw
ay

tr
an
sp
or
tl
in
es

le
ng

th
(k
m
)

G
D
P
of

K
Z

(b
ln
.U
SD

)
Po

pu
la
tio

n
of

K
Z
m
ln

20
00

27
5,
19
7,
88
9.
2

17
1,
89
6,
51
2

12
5,
25
8,
96
3

93
9.
25

19
09

.4
2

14
,5
30

18
.3

15
,0
57
,3
63

20
01

33
6,
41
1,
60
9.
5

18
3,
81
1,
45
4

13
5,
77
8,
82
5

11
22

.9
7

28
03
.4
3

14
,5
88

22
.2

15
,0
39
,9
71

20
02

38
7,
33
5,
09
2.
3

17
8,
73
3,
69
8

13
3,
54
8,
96
3

14
06

.8
1

37
37

.2
1

14
,6
48

24
.6

15
,1
05
,6
45

20
03

46
5,
17
1,
50
4

20
2,
74
1,
23
6

14
7,
75
8,
93
6

15
79

.7
1

38
45
.3
8

14
,6
48

30
.8

15
,2
32
,3
25

20
04

54
8,
02
1,
10
8.
2

21
5,
63
2,
14
5

16
3,
55
3,
02
1

18
74

.8
8

51
20

.7
3

15
,0
81

43
.2

15
,3
85
,9
16

20
05

65
0,
65
9,
63
0.
6

22
2,
78
9,
65
4

17
1,
99
0,
02
5

20
87

.3
2

75
21
.2
9

15
,0
21

57
.1

15
,5
41
,4
57

20
06

85
5,
14
5,
11
8.
7

24
6,
94
7,
25
8

19
1,
23
3,
65
4

26
76

.8
9

88
11
.0
8

15
,0
82

81
15
,6
90
,8
61

20
07

88
1,
79
4,
19
5.
3

26
0,
66
3,
21
4

20
0,
81
4,
57
8

34
24

.8
3

11
86

8.
08

15
,0
82

10
4.
9

15
,8
41
,3
55

20
08

1,
08
6,
27
9,
68
3

26
8,
96
3,
38
8

21
4,
98
8,
74
9

42
92

.4
1

11
21

8.
93

15
08
2.
4

13
3.
4

16
,0
01
,1
76

20
09

1,
00
0,
79
1,
55
7

24
8,
35
7,
00
0

19
7,
48
6,
01
5

41
03
.6
7

10
08
1.
74

15
07
9.
1

11
5.
3

16
,1
84
,1
63

20
10

1,
18
6,
80
7,
38
8

26
7,
78
9,
36
2

21
3,
23
5,
98
7

41
18

.9
6

11
36

8.
54

15
01
6.
1

14
8.
05

16
,3
98
,9
76

20
11

1,
39
2,
61
2,
13
7

27
9,
07
3,
85
8

22
3,
63
3,
98
7

43
37

.7
3

10
97
2.
94

14
89
2.
4

20
0.
38

16
,6
47
,3
80

20
12

1,
60
8,
70
7,
12
4

29
4,
88
9,
97
4

23
5,
91
8,
32
5

54
30

.9
1

14
,3
44

.5
5

15
33
2.
9

21
5.
9

16
,9
21
,1
79

20
13

1,
70
8,
44
3,
27
2

29
3,
71
9,
65
4

23
1,
33
6,
52
4

59
70

.5
8

14
08
3.
54

15
34
1.
1

24
3.
78

17
,2
07
,2
57

20
14

1,
69
4,
19
5,
25
1

39
0,
74
1,
22
2

28
0,
65
3,
32
2

70
02

.4
8

13
84
5.
94

15
34
1

22
7.
44

17
,4
87
,7
79

20
15

1,
48
3,
11
3,
45
6

34
1,
37
1,
85
2

26
7,
36
2,
88
9

61
77

.4
3

10
89
7.
74

15
34
1

18
4.
36

17
,7
49
,6
48

20
16

1,
57
6,
51
7,
15
0

33
8,
92
8,
00
0

23
8,
97
2,
26
9

60
84

.5
2

98
46

.9
5

16
10
3.
8

13
7.
28

17
,9
87
,7
36

20
17

1,
66
1,
21
3,
72
0

38
7,
23
6,
78
8

26
6,
61
1,
99
3

65
04

.8
8

10
08
2.
66

16
61
4.
3

16
2.
89

18
,2
04
,4
99

20
18

1,
72
8,
44
3,
27
1

39
7,
88
4,
84
1

28
3,
34
5,
25
4

73
04

.3
4

11
97

8.
27

16
63
4.
8

18
1.
2

18
,3
54
,8
45



182 D. Md. Zahurul Islam et al.

Appendix 2

Data for Regression and Correlation Analysis. Retrieved from Statistical Agency
(2018) and World Bank (2019)



The Potential of Kazakh Rail Transport Mode as a Competitive … 183

Y
ea
r

K
Z
in
co
m
e
fr
om

ro
ad
s
m
ln
.U

SD
T
ra
ns
po
rt
at
io
n

of
go
od
s
by

ro
ad

(m
ln

to
ns
)

R
oa
d
fr
ei
gh
tt
ur
no
ve
r

(b
ln

to
n-
km

)
E
xp
or
t(
m
ln

U
S

do
lla

rs
)

Im
po
rt
(m

ln
U
S

do
lla

rs
)

R
oa
d
tr
an
sp
or
t

lin
es

le
ng

th
(k
m
)

G
D
P
of

K
Z
(b
ln
.U
SD

)
Po

pu
la
tio

n
of

K
Z
m
ln

20
00

14
.5
3

98
2.
0

31
93
9.
3

19
09
.4

85
,8
67

18
.3

15
,0
57
,3
63

20
01

21
.3
7

10
76
.9

33
11
23
.0

28
03
.4

88
,0
45

22
.2

15
,0
39
,9
71

20
02

24
.6
6

12
19
.3

37
.6

14
06
.8

37
37
.2

88
,3
88

24
.6

15
,1
05
,6
45

20
03

23
.9
9

13
18
.2

40
.2

15
79
.7

38
45
.4

88
,9
92

30
.8

15
,2
32
,3
25

20
04

36
.3
6

14
44
.8

43
.9

18
74
.9

51
20
.7

90
,0
18

43
.2

15
,3
85
,9
16

20
05

39
.5
4

15
11
.1

47
.1

20
87
.3

75
21
.3

90
,8
45

57
.1

15
,5
41
,4
57

20
06

36
.5
9

15
82
.6

53
.8

26
76
.9

88
11
.1

91
,5
63

81
15
,6
90
,8
61

20
07

39
.1
5

16
67
.4

61
.5

34
24
.8

11
86
8.
1

93
,1
40

10
4.
9

15
,8
41
,3
55

20
08

45
.1
2

17
21
.0

63
.4
8

42
92
.4

11
21
8.
9

93
,6
12

13
3.
4

16
,0
01
,1
76

20
09

55
.1
4

16
87
.5

66
.2
5

41
03
.7

10
08
1.
7

96
,8
46

11
5.
3

16
,1
84
,1
63

20
10

52
.1
8

19
71
.8

80
.3

41
19
.0

11
36
8.
5

96
,0
18

14
8.
05

16
,3
98
,9
76

20
11

53
.3
1

24
75
.5

12
1.
1

43
37
.7

10
97
2.
9

97
,1
55

20
0.
38

16
,6
47
,3
80

20
12

44
.6
6

27
18
.4

13
2.
3

54
30
.9

14
34
4.
5

97
,4
18

21
5.
9

16
,9
21
,1
79

20
13

46
.5
3

2,
98
3.
4

14
5.
3

5,
97
0.
6

14
,0
83
.5

96
,8
73

24
3.
78

17
,2
07
,2
57

20
14

44
.1
1

3,
12
9.
1

15
5.
66

7,
00
2.
5

13
,8
45
.9

96
,4
21

22
7.
44

17
,4
87
,7
79

20
15

66
.7
8

3,
17
4.
0

16
1.
82
4

6,
17
7.
4

10
,8
97
.7

96
,5
29

18
4.
36

17
,7
49
,6
48

20
16

57
.6
1

3,
18
0.
7

16
3.
26
2

6,
08
4.
5

9,
84
6.
9

96
,3
53

13
7.
28

17
,9
87
,7
36

20
17

65
.0
8

3,
32
2.
3

16
6.
14
61

6,
50
4.
9

10
,0
82
.6

95
,4
09
.6

16
2.
89

18
,2
04
,4
99

20
18

77
.7
6

3,
43
2.
3

18
5.
19
73

7,
30
4.
3

11
,9
78
.3

96
,2
45
.7
2

18
1.
2

18
,2
72
,4
30



184 D. Md. Zahurul Islam et al.

References

Abdullayev S, Kiseleva SO, Adilova N, Bakyt G, Vakhitova L (2016) Key development factors of
the transit and transport potential of Kazakhstan. Transport Problems 11(2)

ATA Carnet Customs Convention (2004) Customs convention on the A.T.A. Carnet for the tempo-
rary admission of goods. Retrieved from: http://www.wcoomd.org/-/media/wco/public/global/
pdf/about-us/legal-instruments/conventions-and-agreements/ata/pf_ata_conv_text.pdf?la=en on
25 Oct 2019

BazarbekovaM, Assipova Z,Molgazhdarov A, YessenovM (2018) Review of transportationmodes
in Kazakhstan region, Central Asia. Cogent Eng 5:1. https://doi.org/10.1080/23311916.2018.145
0799

Burkitbayev S (2000) Rail transport in Kazakhstan. Transport research board, online accessed on 6
Oct 2020 https://trid.trb.org/view/657050

Erniyazova ZN, Kazbekova LA, Mukhanova AE, Utegenova KA, Smagulova ZB (2014) Particu-
larities of formation of transport-transit cargo-traffic in the Republic of Kazakhstan. Life Sci J
11(2s)

Grom A (2019) Il Mondo dei Trasporti, № 284/Novembre. Interview with Alexey Grom,
Chief executive officer UTLC ERA. China a huge growth potential. Retrieved on 20 Nov
2019 fromhttps://www.utlc.com/en/news/il-mondo-dei-trasporti-284-novembre-interview-with-
alexey-grom-general-manager-of-utlc-era-china-a-h/

Islam DMZ (2014) Barriers to and enablers for European rail freight transport for integrated door-
to-door logistics service. Part 2: enablers to multimodal rail freight transport. Transport Problems
9(4):5–13

Kazinform (2016) The role and importance of the transport and transit potential of Kazakhstan in
Eurasia. Retrieved on 5 Nov 2019 from https://www.inform.kz/ru/rol-i-znachenie-transportno-
tranzitnogo-potenciala-kazahstana-v-evrazii_a2972127

KazNU Bulletin (2015) International relations and international law series. №3 (71)
Kamaliev B (2019) Kazakhstan plans to introduce fees for transit vehicles. Retrieved from: https://
inbusiness.kz/ru/last/kazahstan-planiruet-vvesti-platnost-dlya-tranzitnyh-avtomashin on 20 Nov
2019

Kuzmina EM (2013) Transport development in Kazakhstan. Transport and communications in the
newly independent states: features and development factors. - M.: IE RAS

KTZ (2018) “NC” Kazakhstan Temir Zholy. Retrieved from: https://www.railways.kz/ru/infrastru
cture/2018-zhyl-orytyndysymen-2019-zhyl-a-arnal-an-negizgi-tapsyrmalar on 17 Oct 2019

Martí L, Puertas R, García L (2014) The importance of the logistics performance index in
international trade. Appl Econ 46(24):2982–2992

Mazhorova V (2011) Transport in Kazakhstan: modern situation. Retrieved on 25 Oct 2019 from
http://www.analitika.kz/images/5773.pdf

Nazarbayev NA (2014) Strategy 2050. Retrieved on 25 Oct 2019 from https://strategy2050.kz/ru/
news/53507/

Nazarbayev, NA (2015) The transport strategy of the Republic of Kazakhstan. Retrieved on 30 Oct
2019 from http://www.akorda.kz/en/official_documents/strategies_and_programs

Nurly Zhol (2015) Nurly Zhol—The Path to the future is a large-scale development program of
the country. Retrieved on 20 Oct 2019 from https://www.zakon.kz/4692032-poslanie-nurly-zhol-
put-v-budushhee.html
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Evaluating Russia’s Railway
Infrastructure—Geography,
Demography and Kremlinology

Emily Ferris

Abstract This paper unpacks the sustainability of Russia’s railway infrastructure,
whose development faces innumerable challenges including its geography, demo-
graphic density and specific political considerations. The monopoly of companies
such as Russian Railways (RZhD) over railway infrastructure, many of its freight
carriers, and construction tenders have reduced business competition in this sector,
and have made the railways a restrictive environment for foreign investors. Russia’s
demographic challenges, which include a much denser population distribution in the
western part of the country, have meant that many regions in the central and eastern
parts of the country remain remote, under-populated and inaccessible, despite the
wealth of natural resources located there. Government plans to improve rail access
to these disconnected areas are often unfeasible and unsustainable, and few foreign
investors are willing to offer their financial support to projects that likely have low
yields and high risks. Poor diplomatic relations with the West have restricted Russia
access to western capital markets and alternative sources of loan financing, partic-
ularly for large infrastructure projects such as rail, and many western funders have
withdrawn fromRussia’s railmarket.Without a significant injection of foreign invest-
ment from Asian partners such as China, Japan or South Korea, improvements to
Russia’s railway network are likely to remain relatively piecemeal. For Russia’s
railway system to be sustainable in the long term, RZhD’s monopoly must be broken
up, international partnerships with countries that have similar geographic consid-
erations could be brokered, and Russia must re-evaluate its demographic priorities.
Climate change and newgeographical conditions are likely to pose an additional chal-
lenge for Russia in the coming years, but without accumulating proper engineering
expertise to mitigate these issues, the country’s rail transport network is likely to lag
behind those of its international counterparts.
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1 Introduction

With a territorial expanse 2.5 times larger than the whole of Europe, Russia has been
reliant on its railway networks for decades to convey cargo and passengers across
the country, and link up its individual territories.1 Russia’s rail system is one of the
largest in theworld, spanning fromEurope toCentral Asia, and fromRussia’s exclave
of Kaliningrad in the west to Vladivostok, on the Sea of Japan in the very east of the
country. In total, the track spans more than 85,000 km.2

As a natural resource producing country, rail transport is vital for Russia’s
economy, as a means of ensuring social cohesion and often as an important means
of transporting Russia’s military forces around the country.

As a major global producer and exporter of natural resources such as oil, gas
and coal, Russia is highly reliant on its rail network to transport products across the
country, for export abroad—comparatively little of its raw material production is
absorbed by domestic consumption. This is why the railway network, and the ports
that they are linked to, are vital in guaranteeing the future of Russia’s economic
security, and are a part of Russia’s critical national infrastructure, serving economic,
military and social functions.

But Russia’s rail systems have three main vulnerabilities—geographic chal-
lenges; demography, and the political environment, which has created one
company’s monopoly over the rail system and reduced business competition.3

This paper unpacks the key question as to whether Russia’s railway systems are
sustainable in the long term. It identifies the way in which the Russian government’s
strategic thinking about its transport infrastructure has developed, and some of the
political frameworks that govern this decision-making. The paper then outlines some
of the inadequacies of Russia’s existing rail systems, including problems of geog-
raphy, demography, and the monopoly of powerful companies over the rail sector.
Finally, the paper evaluates some of the key ways in which the rail sector could
improve, including prospects for international partnerships and greater access to
foreign expertise and investment.

1 Rossiskiy Investitsionnoye Agentstvo, (2020), ‘Maschtabi Rossii v Tsifrakh’, https://www.invest
ment-in-russia.com/site/page?view=ROSSIYA-V-CIFRAH, Accessed 2 June 2020.
2 Railway Technology (2013), ‘Russian railways: connecting a growing economy’, 30
April 2013, https://www.railway-technology.com/features/featurerussia-railways-connecting-gro
wing-economy/, Accessed 3 June 2020.
3 Grubesic, T. and Matisziw, T. (2013), ‘A typological framework for categorizing infrastructure
vulnerability’, GeoJournal, 7(2), Springer, https://www.jstor.org/stable/42006320, Accessed 3 June
2020.

https://www.investment-in-russia.com/site/page%3Fview%3DROSSIYA-V-CIFRAH
https://www.railway-technology.com/features/featurerussia-railways-connecting-growing-economy/
https://www.jstor.org/stable/42006320
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2 Why Railways Matter to Russia

Russia’s railway system is one of the largest in the world, spanning eight time zones
and linking up parts of Europe, Central Asia and the Arctic, as well as stretching
across the country to the Sea of Japan. The network accepts around 85% of Russia’s
freight transport and is a major employer for the country.

During the early 1990s, railways were responsible for the transportation of 70%
of Russia’s freight cargo. But the dissolution of the Soviet Union and Russia’s subse-
quent economic decline prompted its rail industry to fall into disrepair, with declining
freight volumes, loss-making passenger traffic and low operational productivity.4

One of the most significant and well-known infrastructure projects in Russia was
the Trans-Siberian Railway (TSR). Construction on the railway began in 1891, and
once completed became one of Russia’s greatest engineering feats. It was built in
part to offset the potential for Chinese territorial expansion into Siberian and Far
Eastern regions, as well as serving as a practical link, designed to bridge the growing
political and economic gap between Moscow and Russia’s provinces.5

The route is 10,555 km long and was finally completed in 1903, linking up Siberia
and the Far East to the western parts of Russia, with the aim of reducing trans-
port times with minimal freight costs. Engineers battled adverse weather conditions
including permafrost and marshy tundra, and were obliged to repave many of the
roads they constructed, which had already sunk into the marsh.6 The single-track
railway was built for light loads and engines, with a standard Russian 5ft gage,
and at the time was compared favorably with many of the US’s trans-continental
systems. The TSR was fully electrified by 2002. And modernization efforts have
since the 1990s focused on increasing capacity, with new rail bridges eliminating
the last single-track sections of the line.7Today, the TSR plays an important role in
Russia’s freight distribution process, and has significantly reduced travel time for
cargo– it takes just ten days for containers to be shipped from China to Finland,
versus 28 days by sea.8

The TSR also had amilitary use. It was a valuable asset in Russia’s war with Japan
(1904–1905) as it supplied troops in theFarEastern regionwith food and ammunition,

4 World Bank (2017), ‘Case Study—Russian Railways’, 27 December 2017, https://ppiaf.org/sites/
ppiaf.org/files/documents/toolkits/railways_toolkit/PDFs/RR%20Toolkit%20EN%20New%202
017%2012%2027%20CASE13%20RUSSIA.pdf, Accessed 5 June 2020.
5 Zoellner, T (2017), ‘The Struggle Behind the Trans-Siberian Railway’, Reconnecting Asia, 5 July
2017, https://reconnectingasia.csis.org/analysis/entries/struggle-behind-trans-siberian/, Accessed 4
June 2020.
6 ScientificAmerican (1900), ‘The Trans-Siberian Railway’, ScientificAmerican, 82(4), 27 January
1900, https://www.jstor.org/stable/10.2307/26121401, Accessed 3 June 2020.
7 Istoriya.ru (undated), ‘Transsib’, Russian-Military Historical Society, https://histrf.ru/lenta-vre
meni/event/view/transsib, Accessed 4 June 2020.
8 RZhD (undated), ‘Brief description of the Trans-Siberian Transport Corridor’, https://eng.rzd.ru/
en/9627/page/103290?id=11923#main-header, Accessed 13 July 2020.
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and was able to place 1,200 troops per day at the front.9 While Russia’s military and
economic thinking has shifted somewhat since then, the TSR and Russia’s railways
still serve an important military and economic purpose, both in connecting up the
East andWestern parts of the country, and in transporting troops and supplies around
during Russia’s frequent military exercises. For example, during Russia’s Vostok
(‘East’ in Russian) military exercises held in 2018 in the Far Eastern regions of the
country, the railways were used to demonstrate how Russia could assemble troops
quickly in a region where transport infrastructure is more poorly developed.10

The TSR still functions as Russia’s main railway network, with various offshoots
including the Baikal-Amur line (running north from the TSR and linking up to the
Pacific Ocean). The BAM line is almost 3,220 km long, and passes through several
mountain ranges and rivers, with around half the route running through permafrost.
Construction of the BAM line, which was completed in 1989, required hundreds of
new bridges, rail stations and tunnels, as well as the establishment of more than 60
new towns along the route.11

The railways also fulfill a social and urban function. Russia’s centralized form of
governance has historically demanded the establishment of regional administrative
centers all over the country, which ultimately serveMoscow’s political and economic
needs. But Russia’s urban population did not experience significant growth until
the nineteenth century, during the industrial revolution, when there became a more
pressing need for larger cities and towns to address the demographic demand.

As a result, many cities during the Soviet Union were specifically established to
meet the needs of certain industrial projects, such as Magnitogorsk which was estab-
lished in 1929 to produce metals, as its name suggests.12 There are now hundreds
of these ‘monotowns’ all of the country, many of whose economic growth has stag-
nated and which have fallen into disrepair, with the working-age population moving
away to larger cities. The monotowns now present a serious economic burden for the
Russian government, as the Kremlin cannot agree on whether to increase rail links
and connectivity between these ailing and isolated areas, or whether to abandon them
altogether.

9 Scientific American (1904), ‘Military aspects of the Trans-Siberian Railway’, Scientific American
90(16), 16 April 1904, https://www.jstor.org/stable/10.2307/24988384, Accessed 4 May 2020.
10 Norberg. J. (2018), ‘Vostok 2018: about the Russian military’s brain, not its muscles’, MEMO
6470, Swedish Defence Research Agency (FOI), https://www.foi.se/report-summary?reportNo=
FOI%20MEMO%206470, Accessed 10 June 2020.
11 RZhD (undated) ‘History’, https://eng.rzd.ru/en/9627, Accessed 12 July 2020.
12 Markevich, A. and Mikhailova, T. (2012), ‘Economic Geography of Russia’, New Economic
School, Moscow, February 2012, https://pdfs.semanticscholar.org/16ed/4b58dad340b475d86cffe
77bdd91a53921e2.pdf, Accessed 3 May 2020.
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3 Political Frameworks for Russia’s Transport
Infrastructure

There are several state-initiated strategies that govern the development of Russia’s
transport network, but the successful implementation of many of these plans are
subject to changes in Russia’s own economic circumstances, as well as global trends.

As part of President Vladimir Putin’s so-called ‘May Decrees’—action plans that
he announced uponhis resumption of the presidency inMay2018—hehas pressed for
improvements to Russia’s economic cohesion, by increasing the quality of Russia’s
roads, railways, waterway and air infrastructure.13 But as with many of his decrees,
his pronouncements in 2018 were vague and imprecise, and did not offer concrete
plans to his regional administration about how these upgrades ought to be carried
out.

Putin appears to have recognized the importance of addressing the stagnating
mono-towns and linking up urban centers through rail improvements. In his annual
address to the Federal Assembly in 2018 he noted that urban development would
likely be the driving force behind the country’s future economic improvement.14

Following Putin’s resumption of the presidency for another term of office in 2018,
the Russian government produced a Strategy for Spatial Development up to 2024,
which categorized Russian cities based on their economic potential, which could then
be linked together through road or rail to form investment and education hubs.15

All of this runs in parallel with theMinistry of Transport’s strategy up to 2030, the
main strategy that governs the development of rail transport. Its main priority appears
to be constructing high-speed rail links to connect up urban centers. As part of this
strategy, Moscow allocated RUB1, 253bn to develop railway infrastructure, larger
than any other amount apportioned for infrastructure upgrades.16 The construction of
thousands of kilometers of new routes, upgrading freight lines for heavy axel loads
and acquiring 23,300 new locomotives and almost one million freight cars, are all
part of these planned upgrades.17

These strategies and the funds apportioned to implement them do indicate the
importance with which the Russian government appears to accord these improve-
ments. But as with manymajor projects in Russia, the outcomes do not always match
the stated intentions.

Development plans

13 Putin, V.V. (2018), ‘Prezident podpisal Ukaz o natisionalniy tselyakh i strategicheskiy zadachakh
razvitiya Rossiiskoi Federatsii na period do 2024 goda,’ 4 May 2018, http://kremlin.ru/events/pre
sident/news/57425, Accessed 15 May 2020.
14 RBK (2018), ‘Putin predlozhil razrabotat programme prostranstvennovo razvitiya Rossii’, 1
March 2018, https://realty.rbc.ru/news/5a97ca8a9a79475d3e2a6447, Accessed 4 June 2020.
15 Pravitelstvo Rossii (2018), ‘Ob utverzhdenii Strategii prostranstvennovo razvitiya do 2025,’ 14
February 2019, http://government.ru/docs/35733/, Accessed 6 June 2020.
16 Ministry of Transport (2018), ‘Kompleksniy plan modernizatsiy i rashireniye magistralnoy
infrastrukturi na period 2018–2024’, http://government.ru/docs/34297/, Accessed 4 June 2020.
17 Ibid.
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There are several major plans already in the pipeline. Putin signed a decree inMay
2020 to accelerate the modernization of Russia’s railways, including the upgrading
of the TSR and BAM lines, scheduled to be complete by 2023. There are plans to
increase the capacity of these lines by 1.5 times, to transfer around 180 m tonnes
of cargo annually.18 Much of this work has been completed and some cargo bottle-
necks have been reduced, which restricted the movement of transport in Far Eastern
regions such as Zabaikal. These improvements have been supported by the commis-
sioning of five large railway bridges, including across the Lena and Zeya rivers,
which the government maintains will help improve connectivity within some of the
more isolated Far Eastern regions.19

Most recently in 2019, long-awaited work was completed on an offshoot of the
BAM line, running north to the remote territory of Yakutsk, for both passenger and
freight rail. The concept had been originally proposed in 2011 when former prime
minister Dmitry Medvedev visited the far-flung region and had pledged to increase
its links with the rest of the country. The Yakutsk region saw a construction boom
in the 1970s which had fizzled out by the mid 1980s, and while various Soviet-era
committees discussed the importance of connecting up the region and laying new
rail track, talks on construction dragged on for decades, with some projects such as
road links delayed for more than 20 years.20 Although it appears that this project
is increasingly making headlines in Russia, the long delays to planned construction
work epitomizes some of the government’s many inconsistencies between its stated
goals to improve infrastructure, and the end results that fall short of expectations.

Another major priority for Russia is to increase cargo traffic along transport routes
from Siberia to the north of Russia, with the aim of improving access to the Baltic,
Bely, Barents and Karsky seaports.21 Unwilling to rely on and pay customs duties at
sea ports owned by the Baltic states—who are NATO members -, Russia is increas-
ingly moving towards self-reliance on its own port infrastructure to handle cargo in
the north, particularly on the Baltic and Barents seas.22 But Russia only has 6 ports
in the North-West of the country, which handle a significant chunk of Russia’s cargo
turnover. In 2019, of Russia’s total 309 m tonnes of exports, around a third—131 m
tonnes—was funnelled through those six north western ports.23Increasing turnover
at these ports would likely necessitate an upgrade in Russia’s rail capacities in the
north-west of the country, particularly if cargo volumes continue to grow steadily in
the coming years.

Complications

18 Zhuravlev, K. (2020), ‘Na god ranshe: RZhD ukoryayet modernizatsiu’ 6 April 2020, https://
www.gazeta.ru/business/2020/04/06/13038151.shtml, Accessed 4 June 2020.
19 Ibid.
20 Solodukhin, O. (2019), Sakha News, 26 July 2019, http://www.1sn.ru/231626.html, Accessed 5
June 2020.
21 Ibid.
22 Ferris, E. (2020), ‘Unplugging the Baltic states: Why Russia’s economic approach may be
shifting’, Russia Matters 1 July 2020, https://russiamatters.org/analysis/unplugging-baltic-states-
why-russias-economic-approach-may-be-shifting, Accessed 17 July 2020.
23 Ibid.

https://www.gazeta.ru/business/2020/04/06/13038151.shtml
http://www.1sn.ru/231626.html
https://russiamatters.org/analysis/unplugging-baltic-states-why-russias-economic-approach-may-be-shifting


Evaluating Russia’s Railway Infrastructure—Geography, Demography … 193

However, one major complicating factor is that government departments appear
to disagree about how best to allocate funding for infrastructure improvements, and
there is little interest from private investors to support these projects. Government
departments are divided over which rail lines should be given priority for funding,
with economic arguments against upgrading more remote areas where there is little
passenger or freight traffic.

Although the government has claimed to be prioritizing the development of
Russia’s eastern Siberian and Far Eastern urban networks, efforts to do this have been
piecemeal, with funding usually unevenly distributed among regions. According to
many of the government’s key development plans, the priority for most projects has
been upgrading high-speed rail to link upMoscow with cities such as Kazan, and the
Siberian capital of Ekaterinburg.24 State-controlled companies are expected to fund
just under half of the scheduled upgrades to the TSR, with some contributions from
the state, private investors and regional governments.25 But few wealthy Russian
private companies are prepared to invest in long-term rail projects which are high
risk and potentially low yield, particularly as it is not clear whether links such as the
BAM line are capable of accepting more cargo loads.

An additional issue is that in Russia, the line between business and politics can
often be blurred, and large-scale infrastructure projects can occasionally take on a
political dimension. This was epitomized by the construction of a rail and road bridge
to the territory of Crimea, which was completed in December 2019—Russia had
annexedCrimea in 2014 fromUkraine, amovewhichwas internationally condemned
at the time. Although the Russian government maintained that the road and rail
bridges were a practical project designed to improve economic access to Crimea,
they effectively cemented Russia’s political and economic control over the peninsula,
facilitating an increase in freight and passenger traffic.26

The US and EU have introduced sanctions against specific rail companies for
their involvement in Crimea—most recently in January 2020 both the EU and US
sanctioned a Moscow-based private rail company that launched a passenger service
betweenRussia andCrimea,maintaining that this was a breach of international law.27

This has increased the risk of falling under sanctions for some private companies
working with the Russian government on particularly politicized projects, and so
identifying willing co-funders for large projects can be problematic.

Economic challenges

24 RZhD (2020), ‘Perspektivi razvitiya vysokoskorostnovo dvizheniya v Rossii’, http://www.rzd-
expo.ru/innovation/high_speed_traffic_and_infrastructure/prospects_for_the_development_of_
high_speed_movement_in_russia.php, Accessed 4 June 2020.
25 Ibid.
26 RZhD Partner International (2018), ‘Game of Trains’, 1–2(51–52), https://www.rzd-partner.ru/
upload/iblock/9d5/International_1_2018_site_min.pdf, Accessed 6 June 2020.
27 USDepartment of the Treasury (2020), ‘Treasury sanctions illegitimate Russian-backed Crimean
officials and railroad company linking Crimea to Russia’, 29 January 2020, https://home.treasury.
gov/news/press-releases/sm889, Accessed 17 July 2020.

http://www.rzd-expo.ru/innovation/high_speed_traffic_and_infrastructure/prospects_for_the_development_of_high_speed_movement_in_russia.php
https://www.rzd-partner.ru/upload/iblock/9d5/International_1_2018_site_min.pdf
https://home.treasury.gov/news/press-releases/sm889


194 E. Ferris

-8 -6 -4 -2 0 2 4

2019

2020

2021

2022

Russia's GDP growth (%)

Fig. 1 Russia’s projected GDP growth 2019–2022 (%). Source World Bank (projected figures for
2020 onwards)

Russia’s rail sector naturally depends on the performance of Russia’s own
economy, as well as the international economies that it exports to.28 As can be
seen from Fig. 1, the outlook for Russia’s economic growth in the coming years is
poor, owing to a combination of depressed global oil prices, reduced trade activity
in Europe—which is still a key trade partner for Russia—and the ongoing impact of
the COVID-19 pandemic. In particular, growth in 2020 is likely to remain severely
depressed with a contraction of 6%, which is highly likely to have a concomitant
impact on the government’s ability to finance rail infrastructure programmes.

To mitigate this, the Russian government in June 2020 released a draft action plan
to shore up economic growth, at a total cost of RUB7triillion. Of this amount, it
appears that a significant sum of RUB2.2trillion has been designated for infrastruc-
ture projects, although this includes a range of other important sectors such as the
construction of roads, bridges and ports.29 But Russia’s construction sector has also
been negatively impacted by COVID-19, and many large projects have been halted
as a result. Russia’s construction industry is thought to contract by 3.8% in 2020,
even though the government has pledged additional financial support.30

28 Murray, B. (2014), ‘Russian Railway Reform Programme,’ European Bank for Reconstruction
and Development, Working Paper June 2014, Accessed 3 May 2020.
29 World Bank (2020), ‘Russia: Recession and Growth under the shadow of a Pandemic’, Russia
Economic Report #43, 6 July 2020, http://pubdocs.worldbank.org/en/879631593984780605/July5-
ENG-RER43.pdf, Accessed 18 July 2020.
30 Thomas, E (2020), ‘GlobalData: Russia’s construction industry is expected to shrink by 3.8%
in 2020’, World Cement, 4 May 2020, https://www.worldcement.com/europe-cis/04052020/global
data-russias-construction-industry-is-expected-to-shrink-by-38-in-2020/, Accessed 18 July 2020.
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The serious economic downturn in 2020, and the contraction of markets in Asia
owing to COVID-19 are likely to have an impact on many of Russia’s export capabil-
ities. As the sixth largest coal producer in the world, Russia’s coal industry depends
on its export, as domestic demand is relatively low.31 Even as other countries in
Europe are reducing their demand for coal, the Russian authorities have insisted that
coal production is expected to grow from 550 to 670 million tonnes per year by
2035, an increase chiefly driven by exports. The current modernization programme
for Russia’s rail network also has a significant cost—the authorities have estimated
that around RUB11trillion will need to be invested in the network by 2030 if any of
the promised goals are to be achieved, and even with the backing of the regional and
federal government, it is not clear how these funds will be raised.32

Other projects have also stalled owing to a lack of state or private funding. Putin in
2017 ordered the construction of a rail bridge in the Far Eastern region of Sakhalin,
to link up remote territories in this region. But feasibility studies suggested that
insufficient cargo volumes are transported through this region, and that the project is
not economically viable. Even RZhD’s own investment in the project, which totaled
around RUB3.5bn, was not part of a state-supported investment project, and there
has been no interest from coal companies or other private investors to help fund it.33

Investments are not the only economic obstacle to developing Russia’s transport
network. The international coalmarket as awhole has declined, prices for the product
are low, and costs for the rail transport of coal within Russia are relatively high.34

Althoughdemand for coal has increased inChina, large-scale exports toChina require
a reorientation of Russia’s rail infrastructure towards the east, which is challenging
to construct at pace.

As the below sections highlight, remote regions that are difficult to access require a
significant amount of investment to construct railways through challenging and often
mountainous terrain, and many infrastructure projects tend to be shelved following
feasibility studies that suggest the project is unviable.

4 Fundamental Inadequacies

Russia’s railway network today suffers from several fundamental inadequacies,
which will continue to restrict the system’s sustainability if they are not addressed.
While there are other factors that affect the rail system, which are beyond the scope of

31 Putin, V. (2019), ‘Meeting of the Commission on the Strategy for the Development of the Fuel
and Energy industry and Environmental safety’, 27 August 2018, Kemerovo, http://en.kremlin.ru/
events/president/news/58382, Accessed 17 July 2020.
32 Ibid.
33 Adamchuk,O. (2020), ‘Most na Sakhalin prevrashaetsya v proekt dlya geopoliticheskikh zadach’,
12 March 2020, https://www.vedomosti.ru/economics/articles/2020/03/11/824977-most-sahalin,
Accessed 14 July 2020.
34 Kommersant (2019), ‘Vostochny vector rossiiskovo uglya’, 5 September 2019, https://www.kom
mersant.ru/doc/4080739, accessed 12 July 2020.
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this analysis, this section unpacks four key- limitations that are restricting the sustain-
ability of the rail sector, including Russia’s challenging geography and terrain; its
demographic density; geopolitical relationships that impact on trade relations, and
the monopoly of the railways by a single state-controlled company.

Geography

The first issue is geographic and climate-related. Much of Russia’s rail network is
concentrated in the western part of the country, meeting the demand of a larger
population there (seeDemography below). This means that large swathes of eastern
regions are relatively isolated, and occasionally cut off from the western regions
seasonally, with few rail links other than the TSR or parts of the BAM line connecting
them.

Terrain in the eastern region is particularly challenging—permafrost in parts of
the Far East and Northern Arctic makes construction difficult and more expensive,
and the humid summer seasons exacerbate the marshy conditions. The terrain also
complicates the laying of new tracks. Russia has around 2.8 million rivers, but has
comparatively few bridges– just 42,000—and few have been built since Putin came
to power in 2000.35 Moreover, many bridges in Russia are made of wood, a cheaper
construction material, but which warps during the wet season. More remote and
mountainous regions are also prone to landslides and falling rocks, which makes it
channelling to construct rail tunnels, and there is often high groundwater surrounding
areas near the rivers, creating an additional construction challenge.

But it was not until the 1950s that Russia began to systematically map some of
the important geological considerations that needed to be taken into account when
constructing railways, particularly in Far Eastern regions such as the Amur. Some
southern parts of the Far East, which border China and are relatively more populated,
have been quite well-studied, but the northern parts of the Far East andArctic, and the
more mountainous remote regions, are comparatively poorly understood by Russian
geologists and engineers. This makes it more difficult to understand the region’s
specific construction requirements, and feasibility studies must often be conducted
from scratch with little guidance.36

Another issue is distance. Most of Russia’s coal is mined far from its destination
markets, in the Kuzbass Basin in the centre of the country. It must then be transferred
to seaports, loaded onto vessels and transported overseas. Most of the countries now
importing Russia’s coal are in the Asia–pacific region—in 2018 Russia exported
25.6m tonnes of coal to SouthKorea, up from19.3m in 2015. There are severalmajor
pipeline projects underway to continue this reliance on coal, such as the Elegest-
Kyzyl-Kuragino railway line, which will link the Siberian republic of Tuva (in the
south of Russia) to Krasnoyarsk. Tuva is an important coal basin, with deposits

35 Prestupnaya Rossiya (2018), ‘Totalniy mostopad. Pochemu v Rossii mosti padayut sotnyami
a novikh prakticheski ne stroyat?’, https://crimerussia.com/gromkie-dela/totalnyy-mostopad-poc
hemu-v-rossii-mosty-padayut-sotnyami-a-novykh-prakticheski-ne-stroyat/. Accessed 5 May 2020.
36 Kvashuk, S. (2004), ‘Geodinamika Priamurya i problem funktsionirovanniya seti zheleznikh
dorog’, Khabarovsk, https://static.freereferats.ru/_avtoreferats/01002637933.pdf, accessed 4 June
2020.
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estimated at 20bn tonnes, but a lack of rail infrastructure has thus far restricted the
development of these sites, as air and land transport are currently unsuitable. The
idea in principle is not new—it was first mooted in 1950 and not reconsidered until
2009, and has been repeatedly postponed owing to a lack of funding. Despite much
fanfare, this latest version of the project not scheduled to become operational until
at least 2023, and there are few guarantees that it will be completed on time, given
the previous delays.37

Other similarly geographically configured countries that also rely on the export
of raw materials suffer from the same problems of connectivity and the financial
viability of constructing new networks. Finland, for example, has a large population
in Helsinki but an otherwise scattered rural population, and has invested significant
funds in upgrading its freight transport network. Finland has also struggled with the
long distances, as most of its railways are single-track, and many of the lines are
already at full capacity. Although discussions to link up Finland’s railway to the
Arctic Ocean were at one time mooted, these plans have been discarded as the cost
of a EUR3bn railway line across Lapland is economically inexpedient.38

These geographic challenges, coupled with Russia’s ageing rail infrastructure
and vehicles, exacerbated by a long history of under-investment in the rail sector,
have left a challenging legacy. Transport costs are high in Russia, chiefly owing to
the challenging terrain, which makes freight transport an expensive endeavour for
international freight carriers.39 This is highly likely to restrict Russia’s ability to
boost exports of its key commodities such as coal to its major clients.

Demography

The second issue is demographic. As can be seen by Fig. 2, the majority of Russia’s
population is located in Western regions, with the largest number of people in the
Central,Volga andSouthern districts. TheSiberian andFarEastern regions,which the
TSR spans, are the least populous, which presents a challenge in identifying qualified
local experts to construct new railways. There are only three large companies in
Russia that produce equipment for constructing rail tracks, and very few institutions
that offer engineering courses that are specific to railways.40 Although there are
some military academies that do teach these skills—indicating that there is still an
important security element to the railways—they do not operate on the same scale
as they did during the Soviet Union.

37 Rail Freight (2020), ‘This is Russia’s most ambitious railway project: line to Siberia’, 17
March 2020, https://www.railfreight.com/railfreight/2020/03/17/this-is-russias-most-ambitious-rai
lway-project-line-to-siberia/, Accessed 15 July 2020.
38 Ruohonen, K. (2015), ‘Finland concentrates on rail network development’, Global Railway
Review, 7 April 2015, https://www.globalrailwayreview.com/article/23378/finland-concentrates-
on-rail-network-development/, Accessed 13 September 2020.
39 Railway Technology (2013), ‘Russian railways: connecting a growing economy’, 30
April 2013, https://www.railway-technology.com/features/featurerussia-railways-connecting-gro
wing-economy/, Accessed 10 July 2020.
40 RZhD Partner International (2018), ‘Game of Trains’, 1–2(51–52), https://www.rzd-partner.ru/
upload/iblock/9d5/International_1_2018_site_min.pdf, Accessed 6 June 2020.
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Federal District Population (million) 

Central 39.4 
9.31tseW-htroN

Southern 16.4 
9.9susacuaChtroN

Volga 29.2
3.21larU

Siberian 17.1 
1.8nretsaEraF

Fig. 2 Russia’s population density by Federal District (2020). Source Statdata.ru

The current Ministry of Transport Strategy and the Strategy for Spatial Devel-
opment both appear to sideline Russia’s many smaller cities and towns that are
dispersed over its large territory. In the interests of political stability and prioriti-
zation of economic resources, there is little evidence that Moscow is interested in
diverging from this course—although there is little risk of any political ‘uprising’
from these neglected monotowns that would pose a serious threat to the government.
Other sparsely populated countries such as Canada suffer from similar demographic
issues. There, most of the population lives close to the US border, and most transport
networks are orientated east–west, from the Atlantic to Pacific Ocean, with most
transport corridor operating the south of the country, leaving the north much more
neglected.41

Moscow and St Petersburg are responsible for around 25% of Russia’s GDP,
and this trend looks likely to increase in the coming years as Russia’s economy
becomes increasingly dependent on the output, and as the population in these cities
grows.42 There is a considerable risk that many of those residing in monotowns and
in more remote parts of Russia will continue to be neglected by the federal center,
particularly as there seem to be few projects in the pipeline that aim to attract new
sources of economic growth to these areas. A government fund was set up to develop
these monotowns for the years 2016–2025, but it was largely ineffective and many
smaller economically depressed towns that lacked the capacity to attract investors
fell through the net, and did not receive any funding. Ultimately the fundwas deemed
so ineffective that it was terminated ahead of schedule.43

41 Wiegmans, B et al. (2018), ‘Rail and road freight transport network efficiency of Canada,
member states of the EU and the USA’, Research in Transportation Business and Management
(28), 16 October 2018, https://reader.elsevier.com/reader/sd/pii/S2210539517300767?token=825
BA99B446DE42C98267F2C60A1251088664B0DF9524C523E42DB961B14005D8871614E865
300D5DBEFBCC46D921BC9, Accessed 12 September 2020.
42 Crowley, S. (2020), ‘Global cities versus Russian Rustbelt Realities’, PONARS Eurasia Policy
Memo no.651, May 2020, https://www.ponarseurasia.org/memo/global-cities-versus-russian-rus
tbelt-realities, Accessed 5 June 2020.
43 TASS (2019), ‘Schotnaya palata: depressivniye monogoroda ne poluchali subsidii ot gospro-
grammi s 2016 goda’, 29 July 2019, https://tass.ru/ekonomika/6713799, Accessed 10 June
2020.

https://reader.elsevier.com/reader/sd/pii/S2210539517300767%3Ftoken%3D825BA99B446DE42C98267F2C60A1251088664B0DF9524C523E42DB961B14005D8871614E865300D5DBEFBCC46D921BC9
https://www.ponarseurasia.org/memo/global-cities-versus-russian-rustbelt-realities
https://tass.ru/ekonomika/6713799


Evaluating Russia’s Railway Infrastructure—Geography, Demography … 199

The government has attempted to try to encourage its population to move to less
well-developed regions, and has introduced programmes such as the Far Eastern
Hectare scheme, which was established in 2016, to offer Russian citizens free land
in exchange for permanent migration in more challenging areas.44 The programme
was later expanded to include areas of theRussianArctic, but there has been very little
uptake or interest in the scheme. Those who did apply outlined numerous problems
with the project, including bureaucratic issues in organizing the paperwork and poor
quality land. Most of the applications for land are from residents who already live
in the Far East, eager to expand their agricultural holdings, which has done little to
stimulate population growth.45

Monopoly on power

The third and perhaps most significant issue is that one state-controlled company
monopolises the railway industry, which is vertically integrated. Rossiyskiye
ZheleznyeDorogi (RussianRailways, RZhD), headed byOlegBelozerov, has pushed
out all other competitors and reduced opportunities for business competition on the
rail transport market. RZhD by its own admission accounts for almost half of all the
freight handled by Russia’s entire transport system, including energy pipelines.46

While there are numerous private companies inRussia that offer freight services or
manufacture locomotives, most of them are subcontractors of RZhD, which provides
almost all railway infrastructure services, spearheads Russia’s transport research
and development, and is one of Russia’s main employers, with just under a million
workers.47 The largest branch of RZhD is called the Central Directorate of Infrastruc-
ture, which oversees the management and technical conditions of the entire network,
but the repair and maintenance of tracks and repairs of facilities is overseen by third-
party companies. Many of the contractors that RZhD has outsourced to do this job
lack the experience, equipment and staff necessary to complete these tasks. Allega-
tions have surfaced in the Russianmedia that many of the labor costs for maintenance
projects have been artificially inflated, with project funds stolen.48

Belozerov’s predecessor, Vladimir Yakunin, also a long-time friend of Putin’s,
ran RZhD for almost ten years before he was unceremoniously dismissed in 2015,
allegedly for corrupt practices. Yakunin was also under sanctions as a government

44 Zvorykina, Y. (2019), ‘On the prospects of the Far Eastern Hectare program extension to the
Russian Arctic regions’, 13 May 2019, http://inveb.ru/en/articles-menu-eng/113-public-eng-2018-
03-01, Accessed 18 June 2020.
45 Deutsche Welle (2018), ‘Shto ne tak c ‘dalnevostochnim gektarom’, 1 February 2018, https://
www.dw.com/ru/%D1%87%D1%82%D0%BE-%D0%BD%D0%B5-%D1%82%D0%B0%D0%
BA-%D1%81-%D0%B4%D0%B0%D0%BB%D1%8C%D0%BD%D0%B5%D0%B2%D0%
BE%D1%81%D1%82%D0%BE%D1%87%D0%BD%D1%8B%D0%BC-%D0%B3%D0%B5%
D0%BA%D1%82%D0%B0%D1%80%D0%BE%D0%BC/a-42404994, Accessed 16 June 2020.
46 RZhD (undated), ‘The Company’, https://eng.rzd.ru/en/9498, Accessed 10 July 2020.
47 RZhD (undated), ‘Overview’, https://eng.rzd.ru/en/9635?redirected, Accessed 5 July 2020.
48 Khazov-Cassia, S. (2016), ‘Russian whistle-blower pulls back cover on railways corruption’,
Radio Free Europe, 10 October 2016, https://www.rferl.org/a/russia-railways-yakunin-whistle-blo
wer-corruption/28042893.html, Accessed 17 July 2020.
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official for his role in Russia’s annexation of the Ukrainian territory of Crimea in
2014.49 But under Yakunin’s leadership the company hemorrhaged funds, losing
RUB99bn (USD1.6bn) in 2015, Yakunin’s final year.5051 There is also evidence
to suggest that RZhD, while required to allow purchasing deals to be competi-
tive, often flouts this requirement.52 Although this practice appeared to be partic-
ularly widespread under Yakunin’s leadership, the detention of businessman Valery
Markelov in 2018, who is thought to have earned billions from state contracts from
RZhD, indicates that this may be an ongoing issue.53

RZhD also appears to have significant reach across the country. Even in Yakutia,
whose rail infrastructure is technically governed by Yakutia Railways, it seems that
RZhD has a strong presence. RZhD is themajority shareholders in Yakutia Railways’
and many of its members sit on the company board, allowing RZhD a significant
say in the policies and direction of the company.54 Other smaller companies have
complained about RZhD’s dominance of the sector and have pushed (with minimal
success) for better and more equal access to infrastructure.55

Geopolitical considerations

The fourth issue is Russia’s geopolitical relationships with foreign countries, which
have been significantly impacted by Russia’s actions abroad over the past few years.

Russia’s annexation of Crimea in 2014 and subsequent military involvement in
the conflict in eastern Ukraine prompted many western countries to introduce wide-
reaching economic and individual sanctions on Russia.56 The sectoral sanctions in
particular have prevented Russia from accessing western capital markets, as well
as concluding trade deals in economically significant sectors such as oil, gas and
defence. While this has not had an explicit impact on the railway systems—none of
Russia’s main companies involved in the railways are explicitly under international
sanctions—the sanctions have restricted Russia’s access to international financing

49 US Department of the Treasury (2014), ‘Treasury sanctions Russian officials, members of the
Russian leadership’s inner circle and an entity for involvement in the situation in Ukraine’, 20
March 2014, https://www.treasury.gov/press-center/press-releases/Pages/jl23331.aspx, Accessed 4
July 2020.
50 Ibid.
51 RZhD (undated), ‘Results and reporting’, https://eng.rzd.ru/en/9637?redirected, Accessed 5 July
2020.
52 Ibid.
53 Mironenko, P. (2018), ‘Corruption arrest sheds rare light on illicit big business in Russia’,
The Bell, 5 October 2018, https://medium.com/@thebell.io/corruption-arrest-sheds-rare-light-on-
illicit-big-business-in-russia-5e3f7bac57f5, Accessed 17 July 2020.
54 Yakutia Railways (undated), ‘Board of Directors’, https://rw-y.ru/okompanii/sovdir/, Accessed
6 July 2020.
55 MaxConference (2018), ‘Conference: Railway transportation of mining and metallurgical
cargo’, 4–5 October 2018, http://www.maxconf.ru/event/77/, accessed 6 June 2020.
56 EuropeanCouncil of the EU (2020), ‘EU restrictive measures in response to the crisis in Ukraine’,
1 July 2020, https://www.consilium.europa.eu/en/policies/sanctions/ukraine-crisis/, Accessed 5
July 2020.
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and bank loans, which have limited its options for co-financing major infrastructure
investment projects.

The European Bank for Reconstruction and Development (EBRD) used to be a
major investor in Russia’s rail network. One of its largest loans it disbursed was in
2012, worth USD78.6 m, to Globaltrans, a private Russian rail freight company, to
purchase 10,000modern rail cars. However, many of the EBRD’s investment deals in
Russia have soured—in 2016 the EBRD sold off its stake in TransContainer, which it
had purchased in 2008 as part of its attempts to reform Russia’s rail industry, at a loss
of USD105m, according to exchange rates at the time. TransContainer is a company
that operates RZhD’s rolling stock. The EBRD’s Russia operations have significantly
declined since then, and given the challenging relations with the West, there are few
indications that the EBRD intends to restart these operations in Russia.57

Over the past five years, Russia has mooted the idea of allowing foreign investors
such as Japan to jointly transport cargo across the TSR—a topic discussed at the
Eastern Economic Forum (EEF), a high-profile investment event held in the Far
Eastern city of Vladivostok since 2015, designed to attract FDI from predominantly
Asianpartners.58 But anydeeper coordinationhas been stymiedbyRussia and Japan’s
difficult political relationship, which hinges on a territorial solution to the disputed
Kuril Island chain (known in Russia as the Northern Territories). Most economic
deals, including investment plans or allowing Japanese businesses and freight carriers
to have less restricted operating access to the Trans Siberian Railway, depend on the
resolution to this territorial dispute, which is highly unlikely to be forthcoming.59

Russia also has a challenging relationship with China, which makes collaboration
and joint investments more difficult. Wary of China’s growing demographic and
economic clout, as well as some of its military ambitions, Russia is keen to avoid
being shoehorned into a role as junior exporter, and so has proceeded with deals very
cautiously. There has been some evidence of Chinese investment in rail—in April
2018 China Railway Dongfang Group signed an agreement to finance a high-speed
railway link between the Chinese city of Suifenhe and Vladivostok, at a cost of
around USD7bn, and confirmed the project’s feasibility in August of that year.60

But since then there has been very little tangible progress on the project, even as
China invested some USD117bn in the development of its own railways in 2018, and
completed construction on the last section of a high-speed rail link from Beijing to

57 Corcoran, J. (2016), ‘EBRD loses $100 m as it exits Russia’s TransContainer’,
15 April 2016, https://www.intellinews.com/ebrd-loses-100mn-as-it-exits-russia-s-transcontainer-
95307/, Accessed 20 July 2020.
58 RZhD Partner International (2018), ‘Game of Trains’, 1–2(51–52), https://www.rzd-partner.ru/
upload/iblock/9d5/International_1_2018_site_min.pdf, Accessed 6 June 2020.
59 Brown, J. (2020), ‘Russia’s revised constitution shows Putin is no friend of Japan’, Royal United
Services Institute (RUSI), 6 July 2020 https://rusi.org/commentary/russias-revised-constitution-
shows-putin-no-friend-japan, Accessed 13 July 2020.
60 Rosscongress (2019), ‘Investitsii v infrastrukturu’, Special for the Eastern Economic
Forum, 2019, https://infraone.ru/sites/default/files/analitika/2019/investitsii_v_infrastrukturu_d
alny_vostok_2019_infraone_research.pdf, Accessed 14 June 2020.
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Hong Kong, strongly suggesting that its rail links with Russia are further down its
priority list.61

Part of Russia’s resistance to foreign investment is enshrined in law. The Russian
government considers its railways transport networks to be of ‘strategic significance’.
This refers to a specific law that designates certain sectors of the Russian economy as
having ‘strategic importance’, uponwhichRussia’s long-termeconomicor existential
security depends. The law limits foreign investment or joint ventures with Russian
partners in these sectors, which include defence, oil and gas. More recently, railway
transport was added to the list, which has stymied opportunities for international
partners to invest in the Russian rail network.62 Given the security status that the
Kremlin has conferred upon transport infrastructure, there is highly unlikely to be
any easing of the restrictions that govern foreign investment or ownership of the
network.

5 What Has to Change?

While there are some insurmountable obstacles to improving Russia’s rail systems,
such as its geography and climate, there are three key ways in which its transport
network could improve its sustainability in the coming years.

Breaking the mold

The first and most important step would be for RZhD’s monopoly to be broken up,
and tenders for construction and freight services to be made freer and fairer, as well
as open to foreign investors. This is a considerable task which is highly likely to face
serious resistance from the highest levels of government.

This could include the separation of infrastructure from operations, to create a
space for competition—a model that the EU follows. Vertically integrated and state-
owned companies such as RZhD are a model that many countries are increasing
moving away from, and network utilities could be unbundled, under separate owner-
ship from RZhD.63 A perhaps more palatable option for RZhD could be a ‘partial
unbundling’, whereby some activities would be separated from infrastructure, but
with RZhD technically still in charge. This would allow some third party access
without entirely breaking up RZhD’s dominance of the sector.64

61 DV Ross (2020), ‘Skorostnuyu zheleznuyu dorogu v kitaiskom Heihe postroyat k 2024 gody. A
Vladivostok-Suifenhe kogda?’ 26 June 2020, http://trud-ost.ru/?p=714189, Accessed 28 June 2020.
62 Clifford Chance (2020), ‘A legal overview of foreign investment in Russia’s ‘strategic’
sectors’, May 2020, https://www.cliffordchance.com/content/dam/cliffordchance/briefings/2020/
05/2005_Client%20Briefing%20-%20A%20Legal%20Overview%20of%20Foreign%20Investm
ent%20in%20Russia’s%20Strategic%20Sectors.pdf, Accessed 10 June 2020.
63 Pittman, R. (2005), ‘Make, Buy, or Some of Both? The Case of Russian Railways,’ SSRN, http://
dx.doi.org/10.2139/ssrn.849504, Accessed 6 June 2020.
64 Ibid.
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But for Russia’s railway sector to truly reform, there must be greater business
competition to stimulate the private sector and foreign investment. Steps must be
taken to improve the competitiveness of Russia’s business environment, particularly
in construction and freight tenders, to allow better access for foreign companies and
smaller Russian companies. Although the ‘strategic sector’ law only limits—and
does not entirely restrict—foreign investment in transport infrastructure, there are
numerous other formal and informal means by which foreign operators are prevented
from accessing Russia’s transport network.

WhileRussia has improved its position onglobal ranking indices such as theWorld
Bank’s annual Doing Business report—which evaluates the ease of conducting busi-
ness operations across a range of indicators -, conditions for foreign operators in
Russia still remain extremely challenging. Large state-controlled enterprises such as
RZhD continue to dominate Russia’s financial resources, tax benefits and favourable
contractual relationships. This picture is complicated by Russia’s method of regional
governance, with heads of regions choosing to implement and apply federal laws and
regulations in a non-uniform way, often colored by personal interests. In particular,
applying for and being granted operating and export licenses, as well as construc-
tion permits—the kinds of bureaucratic endeavors required for Russian and foreign
operators to participate in the rail sector—are well known for being particularly
burdensome.65

Moreover, any moves to ease access to Russia’s rail network for foreign
investors—particularly from the West—would naturally require an improvement in
diplomatic relations between Russia those governments. There is unlikely to be a
significant rapprochement between Russia and the Westin the coming years, or at
least as long as President Putin continues in office.

There are certainly many smaller steps that the Russian government could take to
improve rail efficiency or the quality of its performance, such as the electrification of
larger sections of track, or increasing the number of rail cars to meet cargo demands.
But barring an overhaul of political structures in Russia, the Kremlin and RZhD are
unlikely to take measures to reduce their control over the transport network, which
will unfortunately ensure that the sector remains uncompetitive and challenging to
invest in.

Brokering international partnerships

The lack of expertise in Russia’s railway construction, geological mapping and engi-
neering could be mitigated by increasing Russia’s partnerships with other countries,
particularly states who are as similarly reliant on their rail network.

Russia has already attracted interest in rail partnerships from countries such
as Finland, who have expressed willingness to invest in a high-speed train link
from Moscow-Helsinki route to promote tourism. This particular project is in a

65 Kuszmir, J. (2016), ‘Doing business in Russia: The main political risks and challenges for inter-
national companies’, in State Capture, Political Risks and International Business Cases from Black
Sea Region Countries, Routledge, ed. Leitner, J, Messner, H. November 2016.
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nascent stage and is unlikely to be completed within the next three years.66 But
learning from countries such as Finland whose geographies are similarly config-
ured—with one large urban centre (Helsinki) and a geographically dispersed popu-
lation—would likely assist Russia in improving the sustainability of its own rail
services. Unlike other Scandinavian countries, Russia’s diplomatic relationship with
Finland is reasonably positive, and there could be significant scope for both countries
to share expertise in rail transport.

Prior to Russia’s annexation of Crimea, Russia had numerous successful joint
ventures with European countries such as Germany and France. France’s Alstom
Transport does have a large (20%) stake in the privately-owned Transmashholding
(TMH)—which RZhD also has a stake in—to manufacture freight and passenger
locomotives for the Russian market. But western sanctions have put companies such
as TMH under pressure, as there is significant uncertainty about the security of
Russian investments, which has prompted TMH to attempt to become more self-
sufficient, rather than reliant on its international partners.67

Russia could also learn from examples of other countries such as Australia, which
must also contendwith a concentration of natural resources located in remote regions,
far from its coastal port infrastructure. With few large lakes, river systems or natural
harbors, rail plays an important role in long-distance freight transport. In the 1990s,
the Australian rail system also recognized the need for diversification of ownership
and underwent amajor structural overhaul, withmany of the state-controlled railways
split up into smaller authorities.68 Should the Russian leadership decide to unbundle
RZhD, it could look to the Australian model to assist its diversification of ownership.

Adjusting demographic expectations

As outlined above, one of Russia’s key issues is its demographic distribution, and
the prioritization of economic and rail resources accordingly.

Many of Russia’s strategies prioritize investments in the western part of the
country, but the government could save a considerable amount of its budget by
focusing onRussia’smore economically promising cities and towns—some ofwhich
are located in remote regions, but have the potential to become drivers of economic
growth, due to their proximity to large quantities of natural resources. Instead of
attempting to jump-start failing mono-towns, or offering incentives for people to
repopulate hostile regions, Russia might focus on shifting its workforce from regions
in decline to those that are expanding (or have the potential to expand). This could
include tax incentives or social security guarantees for people with specific types of
engineering or rail expertise who choose to move to these regions.

66 RBK(2020), ‘V Khelsinki zainteresovalis skorostnoy zhelezoy dorogi iz Moskvi’, 20 January 2020,
https://www.rbc.ru/politics/20/01/2020/5e20b7499a79477a76433e80, Accessed 10 June 2020.
67 Smith, K. (2019), ‘Transmasholding targets further growth at home and abroad’, Interna-
tional Railway Journal, 10 January 2019, https://www.railjournal.com/in_depth/transmashholding-
targets-further-growth-at-home-and-abroad, Accessed 15 July 2020.
68 Webb, R. (2000), ‘Issues in Rail Reform’, Parliament of Australia Research Paper 14, 1999–2000,
7 March 2000, https://www.aph.gov.au/About_Parliament/Parliamentary_Departments/Parliamen
tary_Library/pubs/rp/rp9900/2000RP14, Accessed 5 July 2020.
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Adjusting and reevaluating Russia’s own demographic expectations would dictate
the course of its railway construction, and could help organize the Ministry of Trans-
port’s priorities, moving away from investing in constructing rail bridges in regions
that have an increasingly smaller population and few industrial prospects. The author-
ities could then redistribute their workforce to match those regions whose economies
are growing, as outlined by Russia’s own Strategy for Spatial Development up to
2024.69 However, this process could be met with some resistance from locals, and
would have to occur slowly over time for there to be positive effects.

6 Conclusions

Ultimately, the sustainability of Russia’s transport network depends on the govern-
ment’s ability to correctly prioritize and allocate funding to the most feasible and
viable projects. Part of the problem is that many of the rail projects that the Kremlin
is attempting to promote in Far Eastern and Siberian regions are economically unvi-
able or practically unfeasible, and often serve as purely symbolic gestures—either to
assure locals thatMoscow is paying attention, or to send amessage to foreign partners
such as China, to indicate that Russia is interested in boosting trade relations.

Disagreements amongst federal departments,whichoften vie amongst one another
for funding and attention from President Putin, are likely to exacerbate the uneven
way in which transport projects are considered and implemented.

Looking further ahead, climate change will continue to have an increasingly
dramatic impact on Russia’s geography, and its rail network will be obliged to
adapt accordingly. The Russian government has had a fairly inconsistent approach to
climate change, often appearing unwilling to implement changes that would reduce
carbon emissions, even as Russia annually experiences numerous natural disasters
such as floods, wildfires and melting Arctic ice that routinely cost the federal budget
millions of rubles in repairs.70

Thanks to powerful business lobbies within Russia such as the Union of Indus-
trialists and Entrepreneurs (RSPP), which have fought to maintain high production
levels of gas, oil and coal, there is unlikely to be a downturn in the transport volumes
of natural resources, even as many other countries move to reduce their consumption
in the interests of environmental protection.71 This means that Russia’s rail engineers
will be obliged to confront new geographical challenges such as melting permafrost,
while at the same time attempting to maintain high cargo turnovers.

69 World Bank (2011), ‘Russia-reshaping economic geography’, 1 June 2011, General Economy,
Macroeconomics and Growth Study, Vol 1, https://documents.worldbank.org/en/publication/
documents-reports/documentdetail/863281468107678371/russia-reshaping-economic-geography,
Accessed 20 June 2020.
70 Kozin, D. (2020), ‘Is Russia finally waking up to climate change?’, 9 March 2020, The
Moscow Times, https://www.themoscowtimes.com/2020/03/04/is-russia-finally-waking-up-to-cli
mate-change-a69517, Accessed 23 June 2020.
71 Ibid.
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Without significant investment in engineering expertise, most likely by estab-
lishing new technical colleges across different regions of Russia, and allocating
more government funding to support student programmes specializing in railway
engineering, Russia’s ability to improve the sustainability of its rail networks will
likely fall behind its international counterparts in the coming years.
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Development of Sustainable Transport
Corridors the Scandria-Case

Lisa Hartmann, Martin Jung, Philip Michalk, and Sorin Sima

Abstract The paper describes the status quo of freight flows in the Scandria
Corridor (compare SCANDRIA-Alliance), based on a number of surveys and studies,
conducted throughout the Scandria2Act project (2016–2019). Specifically this paper
describes the freight flows in detail, by combining surveys conducted within the
project, with statistical data from different sources, creating a comprehensive picture
of freight flows between continental Europe a Scandinavia. A multifactor-decision
model for freight forwarders is implemented, to calculate the boundary condition that
need to be met in order to facilitate an actual shift from road to rail. These conditions
are described in terms of transport costs and time, which enable the analysis of effects
of different political measures, and of different market conditions on the transport
flows. In conclusion this paper discusses the political boundary conditions and the
administrative and spatial framework, in which such shifts are being fostered.

Keywords Decision modelling · Urban nodes · TEN-T · Freight flows · Transport
corridors

1 Introduction

It is an explicit goal of the European Union, to foster a modal shift from road to
rail. The study and the accompanying model we present in this paper, shall help
to understand the boundary conditions of the transport market and inform political
decision makers on ‘which measures will lead to which outcomes’, when deciding
on actions towards the promotion of rail freight transport.

The novelty of our paper lies in, on the one side, in a survey, conducted by our
partners (ports and public authorities) in German and Swedish ports. We used the
survey data and additional data from road counting stations, shipping companies and
timetables and combined themwith data-fusion-methods to produce a comprehensive
picture of transport flows in the corridor.
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Additionally we developed amulti-factorial decisionmodel in order to understand
which effects and interactions of effects, as well as measures could have on the
transport flows throughout a corridor, with a focus in a modal shift from road to rail.

2 The Scandria®Corridor

The Scandria®Alliance is a transnational communication and cooperation platform
which promotes the shortest geographic link between Scandinavia and the Adriatic
Sea. It was developed around the Scandinavian-Mediterranean Corridor (one of the
nine Core Net Corridors (CNC) of the TEN-T Core Net). This corridor is a crucial
axis for the European economy, linking the major urban centres and economic zones
in Germany, and Italy to Scandinavia and the Mediterranean.

The corridor is set to experience some changes in its infrastructure. Two projects
withmajor influences on the transport flows of this particular corridor are the Brenner
Base Tunnel, which will probably be operational by 2028, and the fixed Fehmarn-
Belt link, which will not become operational before 2028. However corridors need
to be developed holistically on multiple level. This includes the infrastructure and
the regulatory level, but also more or less informal measures, fostering cooperation
in numerous areas. The Scandria Alliance, for example, works on solutions for the
areas of Clean Fuels, Multimodal Transport, Digitalization and Cross Border Infras-
tructure. All in order to lower barriers for green transport and also to foster a shift
from road to rail transport.

In order to develop and employ effective strategies, a fundamental understanding
of freight transport flows and the factors that influence them is necessary.

This was one of the main goals of the Scandria2Act project which ran from 2016
to 2019. Some of the main findings are presented in this paper.

3 Status Quo of Freight Flows in the Scandria® Corridor

The quantification of freight flows in the Scandria® corridor underlines the need for
multimodal solutions to generate a sustainable modal shift.

The aim of the freight flow analysis is to gain insight into the existing transport
volume in the Scandria® Corridor in order to make recommendations for a modal
shift to rail. Research aspects such as these contribute to a long-term relief of road
traffic for a CO2-efficient transport system and achieve broad acceptance amongst
key decision makers.

In the past, transnational data from both public and private organizations have
been collected and consolidated in EU projects to determine the existing freight
flows in the Scandria® corridor.

By systematically combining the data, it is possible to obtain a representative
overview of freight flows in the [northern] Scandria® corridor.



Development of Sustainable Transport Corridors the Scandria-Case 213

3.1 Methodology

The combination of survey results, public statistics and traffic counts as well as
statistical modelling provided information on cross-border sea and land transport in
the [northern] Scandria® corridor.

The modelling focused on the development of a holistic approach for the visu-
alization and quantification of freight flows as well as the European-Scandinavian
trade flows. For this purpose, the modes of transport and the analysis components
were considered in consideration of the geographical conditions.1

This included a comprehensive consideration of the traffic across the Baltic Sea,
from which the transport intensities and trade relations in the Scandria® corridor
between the countries were derived. Through the involvement of operational partic-
ipants in the surveys as well as public transport counts and trade balances, the
multimodal capacities and flows along the Scandria® Corridor could be evaluated.

At the operational level, the data is based on a Swedish survey, which included
almost 2.500 interviews with truck drivers on 14 ferry lines and 166 telephone inter-
views with haulage companies operating on the Öresund Bridge. Within this survey,
more than 3.300 observations were also carried out, giving total results for around
4.000 vehicles. The interviewswere carried out both on site in each relevant port in the
survey area in connection with outbound transport and via telephone interviews with
road freight transport companies. The questions in the interviews focused mainly on
the points of departure and destination, the roads used, the type of goods and data
on vehicles and drivers.

The dataset served as a basis for freight flows across the Baltic Sea. The study
provided a representative sample of 823 thousand vehicles annually passing through
the ferry routes analyzed.

These were then allocated to the trade relations of the countries, which were
determined from the survey results. Although the data made it possible to determine
which respondent loaded how much and to where or from where, the respondents
indicated that stopovers were planned along the route and that the loading capacity
varied until the destination. Therefore, ‘minimum and maximum’ scenarios were
created using trade balances of the countries,2 which allowed a range of potential
fright transport volumes to be assumed.

For the quantification of land transport, the focus was on the Jutland-Land link.
ThisEuropean transport route viaFlensburggenerates international transport services
by road and rail between Germany and Denmark to Malmö and Helsingborg in
Sweden.

1 In previous studies a more detailed geographical mapping of the Scandria® Corridor (Western
Corridor, Scandria® Core Corridor and Eastern Corridor) was carried out to highlight the focus for
stakeholders.
2 Statistical office of the European Union (Eurostat) (2017): "EU Handel by SITC since 1988“.



214 L. Hartmann et al.

For the quantifications, automatic counting points3 that monitor cross-border
traffic between Germany and Denmark were used as a data basis. The vehicles
counted are the total number of vehicles entering Germany and Denmark, with the
vehicle type classification of HGV > 3.5t zGG with/without trailer and semi-trailer.

In order to determine the potential amount of freight to be transported by rail in the
German Baltic Sea ports, data sets (including data from terminals and timetables)
were used, which were based on statements by experts and employees from the
operational business of the ports. In this way, a clear picture of the traffic relations
and their frequency was created.

The destinations of the considered ports lead toGermany, CzechRepublic, Austria
or Italy. In the course of the analysis commonparameters such as train load and length,
wagon type, rail network or load limits were defined.

Even though there is a rail connection via the Jutland-Land link, the traffic relations
did not provide any information on cross-border traffic with Scandinavia. In this
geographical section only very rough statements can be made. The reason for this
is the intransparency of the data base regarding the number of cross-border freight
trains crossing the German-Danish border.

A representative report of the Federal Ministry of Transport and Digital Infras-
tructure published in 2017 stated that the rail network in the German-Danish border
region was loaded with 101−10.000 freight trains in 2015.4 However, this range
does not provide any information on the train connections, which meant that the
traffic relations of the trips and thus the classification of transit traffic could not be
identified.

The elaboration and combination of the correlating data describes the current
state of knowledge about the cargo flows and the most important ports and terminals
along the European North–South Axis. It also provides an overview of the operation
of multimodal services and available information on the potential for multimodal
shift.

3.2 Modal Split

Because the surveys at the operational level were the starting point for the modelling,
it was possible to segment very practical data for sea and land transport.

3 These are automatic counting stations placed on motorways and national roads. At these counting
points the number of all passing vehicles is permanently recorded and then published by the Federal
Highway Research Institute.
4 Other evaluations of this kind have not becomeknownduring the analysis.However, these statistics
are considered to be representative, because according to the Federal Ministry of Transport and
Digital Infrastructure, freight traffic has not increased in 2016. In the area of “Railways - Passenger,
freight and combined transport”, the Ministry recorded a decline in traffic of approx. 0.1%. It is
therefore assumed that the indicated range can be regarded as characteristic in this geographical
section.
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The study showed that large shares of regional and international transit transports
are managed via Roll on Ro off (RoRo) ports. On average, 70% of the points of
departure or destination of the transport relations are outside the district in which
the port itself is located. An average of 10% of the traffic relations start or end in the
same municipality as the location of the port in question. Three out of four vehicles
are at least 75% full. Loading rates depend on the direction of the traffic, through the
ports and on the Øresund Bridge.

The limit for the loading capacity of the vehicle varies according to the type of
goods, usually weight, volume or loading metres. The survey showed that more than
75% of the vehicles are used to at least 75% capacity (load capacity utilization).
About 60% of the transports are carried out with a full load and about 10% as empty
trips, whereby a total of about 3% were marked as dangerous goods transports.

Although the participants’ vehicles are relatively modern, they are primarily
powered by diesel (98–99%). It was revealed that on average only 1–2% of the
vehicles are operated with alternative fuels. The study also found that about 40% of
the vehicles were produced in 2014 or later.

Furthermore, of the various vehicle types, the articulated truck (up to 18.75 m)
was by far the most common (84%). On the Øresund Bridge, however, the truck with
trailer (up to 25.25 m) is the most common configuration.

Denmark, Germany and Poland are the countries that used the ferry connections
across the Baltic Sea most frequently. It is assumed that this is mainly due to the
national transport network (road and rail) to the respective ports.

The analysis has also shown that there is a high proportion of trade with the
Netherlands due to the overseas freight flows to and from the ARA ports.5

In the modelling, the utilization of the ferries was also considered. This resulted
in an average ferry load factor of 60%. The variance around this mean value is
significant. It is assumed that factors such as travel frequency and loading meter are
strongly correlated.

For road freight transport along the Jutland-Land link, four relevant counting
points recorded around 3.618 thousand vehicles crossing the German-Danish border
in 2016. If the empty trips from the Swedish study of about 10%are taken into account
and a minimum load of 10 tons and a maximum load of 26 tons are assumed, the
transport volume amounts to 26.239 thousand tons—85.278 thousand tons (Fig. 1).

In general, it can be concluded from the results of this study that road freight
transport within the RoRo segment has shown a strong development from 2005 to
2016 with a higher growth rate than Sweden’s total foreign trade. This indicates
that road freight transport by truck and trailer is highly competitive for the distances
relevant to Swedish exports and imports to and from Europe. At the same time, it can
be said that there is great potential for a shift to rail and shipping and for an increase
in alternative fuels.

5 It should be mentioned that in a parallel German study the Netherlands were not so strongly
represented: The largest proportions of vehicles using the port analysed come from Germany,
Italy and Poland. This indicates a certain specialisation of the Scandria® core corridor towards
southern and eastern Europe, while the western corridor via the Jutland-Land link and the ports of
Schleswig–Holstein rather covers western Europe.
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Fig. 1 Average transport intensity by road and ferry in the northern Scandria® corridor

In addition to the route and capacity information, the study also found that at the
operational level, the proportion of RoRo units transported to the ferry terminals by
rail was very low, although most of the Swedish ferry terminals studied (with the
exception of Strömstad and the terminals in Gothenburg, Denmark and Germany)
have the infrastructure to support ferry and RoRo operations with land transport by
rail.

In summary, even for distances of 300–600 km, rail solutions can hardly compete
with road transport, both in terms of time and cost. On the basis of freight volume,
there is therefore great potential to increase the share of rail freight transport to RoRo
ports.

These findings help create knowledge, to inform regional and national decision-
makers about the consequences that can be drawn for strategic decision-making in
infrastructure and transport policy, and to provide transport infrastructure planning
and logistics administrations with information about the dynamics of freight flows
in the Scandria® corridor.

The results of the modelling of freight flows have enabled a differentiation of
transport modes in the [northern] Scandria® corridor, assuming a modal split of
about 75–81% by road, about 17–18% by sea and about < 1–8% by rail.
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4 Possible Influences on a Modal Shift

Weformulated three hypotheses on future developments, that could influence amodal
shift towards rail transport:

Firstly, an increase of the average speed of freight trains on European rail networks
could also make rail transport more attractive for shippers and thereby lead to a shift
towards rail transport. The reasoning being, that road transport has a significant
transport time advantage over intermodal-rail-transport chains.

Secondly, a longterm increase of diesel prices could lead to an increase in road-
transport rates. As intermodal rail-transport chains would be less influenced by a
diesel price change, it could be expected, that rail transport becomes comparatively
more attractive, at least on certain routes.

Thirdly, the construction of new infrastructure -in the Scandria corridor, thiswould
be the newFehmarn-Belt-tunnel- could lead to an increase of rail speeds. Furthermore
itwould lead to an elimination of transhipment processes, currently necessary in order
to cross the Baltic Sea.

5 Multifactor-Decision Model for Freight Forwarders

5.1 Model Architecture

In order to test our hypothesis, we used a multifactor decision model, that includes
detailed cost- and time-effects.

The model we used, was developed as part of the Scandria-project, running from
2009 to 2013, originally to be used as a planning tool for intermodal transport chain
(Michalk 2012). For the study at hand, themodelwas further refined, in order to reflect
changes of state variables, mainly changes of crude-oil-price changes (which also
can be representative for changes of fossil fuel-prices as perceived by the transport
operator) and of average freight-train speeds on rail networks, as well as different
routing, which also shall reflect new infrastructure constructions (e.g. Fehmarn-Belt
in the Scandria Corridor).

A number of studies have been concerned with the question, which product
features are important to the customer of a transport service.

Bühler (2005) found costs, time of delivery and transport time to be the most
important determining factors for the selection of a transport service, whereby trans-
port costs were clearly more important. Beute et al (2003) and Leyn (2010) found
costs to be most important, followed by transport time. Geiger (2011a,2011b) found
long transport times and costs to be the strongest barriers for using alternatives to
road transport, again indicating that these two factors are the two most important
to a customer. Ludvigsen (2006) found costs to be as important as reliability, but
this study was conducted in a European context, while the aforementioned were
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conducted within a German context. Most of this studies also identified other deci-
sion factors, but the importance of this factors were smaller than that of costs and
transport time and the results on the ranking order were not as clear. This can be
partly explained by the structure of the studies, which all examined the cost and
transport time factor but laid different emphasis on the examination of other factors.

5.2 Modelling Costs

The annual costs for operating trains as well as trucks are being calculated through
the following function:

CAi = CSIai + CMai + CDi + CEi + CIi + CSi

+ CMoi + CREi + COi + CTi + CIni

The costs per roundtrip can then be calculated as:

CRi = CAi/ nRi

If the average load of a train or truck is given as lRi, the costs for the transport of
one TEU can be calculated as:

CCRi = 1

2
∗ CRi/ lRi

As the transport chain of one load unit is described by the costs of truck transport,
train transport and transshipment, in this model, the transport costs of one load unit
can be calculated as:

CIT =
∑

Ct j +
∑

CCRi

whereby

CAi Annual operating costs
CRi Roundtrip costs
CCRi Transport costs per load unit
CSIai Annual investment cost
CMai Annual maintenance costs
CDi Personnel costs for driver
CEi Energy costs
CIi Infrastructure costs
CSi Shunting costs
CMoi Train monitoring costs
CREi Costs of reserve
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CIni Insurance
pEj Price of energy from source j
sEj Share of Energy source j in Energymix i.

With

CEi =
∑

sE j ∗ pE j

5.3 Modelling Transport Time

Utilization is an important input value for the cost calculation. Utilization depends
on the schedule of a train or truck. A determining parameter for the utilization
of a train is the schedule and the route it is running on. In the simplest case a
train would run on only one route between two points throughout the whole year.
This is not merely a model assumption, but indeed quite realistic if one thinks of
intermodal shuttle trains, running between two terminals on a given schedule. In
such a case the utilization during a year would be determined by the rail-distance
between the terminals served and the number of trips the train performs. Customers
usually demand regular schedules, a fact that finds expression in most intermodal
train schedules that usually offers the same departure and arrival times on every
served day of the week. This is a restricting factor in the utilization of a train, as the
distance a train can cover during a roundtrip is restricted by its speed and the next
run it is scheduled for. For example, if a train runs on a regular schedule, with an
average speed of 50 km/h between two terminals 400 km (rail distance) apart, it will
need about 8 h to run from one terminal to the next. If this train starts its first run on
Monday at 8:00 h at terminal A, it can be expected to arrive at the opposing terminal
B at about 16:00 h. Given a turnaround time of three hours at terminal B, it could
start its way back at 19:00 and would arrive at 3:00 h on Tuesday at Terminal A. As
the same departure time shall be offered, the train now has a five hours stopover at
terminal A, until it departs again at 8:00 h.

To simplify the calculations, it will be assumed that a terminal is open 24 h a day
on seven days per week.

The total time per trip, including the turnaround time for the train and the necessary
slack time to anticipate possible delays and other operational irregularities is:

tT R = tT + tT T + tS

with:

tT = dT R

vT R
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The number of trips that are possible per 24 h period can be calculated as:

nT R24 =� nh ∗ 24

tT R
� f ornh = 1, 2, 3, 4, 5, 6, 7

As the train would need to start a new cycle after each roundtrip at the same time
of the day, nh needs to be an integer. Also as a non-integer number of trips within a
24 h period would be pointless (under the given parameter of a regular schedule, as
described above), nTR24 also needs to be rounded down to an integer. Trips that take
longer than 24 h would be anticipated with nh > 1.

nw =� 7

nh
�

The total annual utilization of a train can then be calculated as (under the
assumption of 52 operational weeks per year):

Ua = dT R ∗ nh ∗ nT R24 ∗ nw ∗ 52

The actual travel time of a load unit tAC shall be defined as the time between
loading the load unit onto a vehicle and the earliest possible delivery time at the
receiver.

tAC =
n∑

i=1

tli +
n∑

j=1

tT Sj

With

tli Time per trip i on each leg of the intermodal chain
tTS Additional time for each transshipment and storage process j along the chain
tT Travel time
tTT Turnaround time per trip
tS Slack time per trip
dTR Distance per trip
vTR Average traveling speed
tTR Total time per trip
nh Number of 24 h periods
nw Number of multiples 24 h periods per week
nTR24 Number of trips per 24 h period
Ua Annual utilization of one train set (mileage in km)

As industrial companies as well as companies selling goods often have given
production or selling timeframes, there is a useful delivery time, for a product. If a
company produces or sells products between 6:00 AM and 8:00 PM, it can be argued
that a delivery early within this timeframe is of more use, than a delivery late within
this timeframe. Often, deliveries outside this timeframe could be of even lesser use,
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as they might cause additional cost for handling, which within the timeframe would
be done by staff anyway on duty. So for this model a “useful delivery timeframe”
shall be defined between the beginning of a useful delivery time frame TwB and the
end of this timeframe TwE . Deliveries outside this timeframe would always lead to
additional waiting time tw which is added to the actual traveltime tAC and results in
the total delivery time tD:

tD = tAC + tw

The waiting time can be calculated as the time-difference between the actual
arrival time TA and the beginning of the useful delivery timeframe:

tw = TwB − TA

5.4 Combining Demand Effects

One indicator shall include all three factors (transport time, transport costs and service
frequency) to allow for comparisons of different transport services.

The reaction of customers to alterations of one feature in a given service can be
described with an elasticity function (compare for example Bücker 1998):

ε = �x

�y
∗ y1
x1

(1)

With

ε Elasticity
Δx Absolute change of demand
Δy Absolute change of demand-factor
x1 Demand before change of demand factor
y1 Demand factor before change of demand factor.

The above equation can be transformed in order to calculate a change of demand
based on a given elasticity:

�x = ε ∗ �y ∗ x1
y1

(2)

The demand factor could be a price or transport time, i.e. changing the price would
change the demand.

In the study at hand, changes of transport costs, shall be equated with changes
of service prices, e.g. an increase of the operational costs by 5% would lead to an
increase of the service price of 5%. This assumption is quite realistic, as expert
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knowledge implies that the transport market is a buyer market. Different intermodal
transport operators have explained, that they aim at prices, which allow for a return on
sales of about 4%, which means, that they indeed orientate prices on the operational
costs.

In the study at hand, the possible transport modes a shipper can choose between
shall be pure truck transport or intermodal transport. Transport prices and transport
time are assumed to be the most important decision factors for a shipper, when
deciding for a transport mode, this assumption is backed up by a number of studies,
such as the studies of Bühler (2005), Beute (2003) or Geiger (2011a,2011b).

By inserting cost and time factors into Eq. (2), demand changes can be calculated
based on transport-cost, transport-time and transport frequency changes:

�xc = εc ∗ �c ∗ x1
C1

(3)

�xt = εt ∗ �t ∗ x1
t1

(4)

�x f = ε f ∗ � f ∗ x1
f1

(5)

With

x1 Demand before change of demand factor
Δxc Demand change based on transport cost change
Δxt Demand change based on total delivery time change
Δxc Demand change based on transport cost change
Δxf Demand change based on service frequency change
Δc Absolute Change of transport costs
Δt Absolute Change of total delivery time
Δf Absolute Change of frequencies
c1 Operational cost of service 1
f 1 Service frequency for service 1
t1 Transport time of service 1
εc Transport cost elasticity
εt Transport time elasticity
εf Service frequency elasticity.

As different elasticities can be found for different transport modes, the model also
considers different elasticities for different modes in the calculations.

In the study at hand, demand effects of transport cost and transport time changes,
which occur through changing from one transport system to another, shall be
calculated by adding the demand changes:

�xTotal = �xt + �xc + �x f (6)

An attractivity indicator shall be defined as:
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A = 1 + �xt + �xc + �x f (7)

Furthermore, a Baseline Indicator ABase = 1 shall be defined for a given baseline
transport service. A transport service superior to the baseline transport service would
be indicated by a demand indicator A > 1.

As road transport is not bound to schedules, in cases where road transport services
are part of the comparison, the frequency variable is Δxf = 0.

6 Determining Effects on a Possible Modal Shift
in the Scandria Corridor

In order to examine possible influences on a modal shift, we concentrated on a
transport relation between Padua and Malmö. We then determined seven possible
routes and transport chains for this relation:

• Padua-Rostock (rail)—Rostock-Trelleborg (ferry)—Trelleborg—Malmö (road)
• Padua-Travemünde (rail)—Travemünde-Malmö (ferry)—Malmö-last mile (road)
• Padua—Jütland—Malmö (rail)
• Padua—Jütland—Öresund—Malmö (road)
• Padua—Rostock (road)—Rostock-Trelleborg (ferry)—Trelleborg—Malmö

(road)
• Padua—Swinoujscie (road)—Swinoujscie-Trelleborg (ferry)—Trelleborg—

Malmö (road)
• Padua—Puttgarden (road)—Puttgarden-Malmö (ferry)—Malmö—Malmö (road)

We calculated the attractivity indicator A, for each of these transport chains (a
larger indicator-value implies a larger attractivity of this route for a shipper):

A

Padua-Rostock (rail)—Rostock-Trelleborg (ferry)—Trelleborg—Malmö (road) 1.0

Padua-Travemünde (rail)—Travemünde-Malmö (ferry)—Malmö-last mile (road) 1.0

Padua—Jütland—Malmö (rail) 1.1

Padua—Jütland—Öresund—Malmö (road) 0.7

Padua—Rostock (road)—Rostock-Trelleborg (ferry)—Trelleborg—Malmö (road) 1.0

Padua—Swinoujscie (road)—Swinoujscie-Trelleborg (ferry)—Trelleborg—Malmö (road) 0.3

Padua—Puttgarden (road)—Puttgarden-Malmö (ferry)—Malmö—Malmö (road) 0.7

In general the rail-transport chains appear somewhat more attractive. However
this is mainly the case for goods, with a low need in transport-time flexibility. In
these cases low transport costs are of higher importance. We countered this effect
in parts, by using different elasticities for the calculation of road-and rail transport



224 L. Hartmann et al.

chains, reflecting the different goods-types. As we want to compare changes in the
attractivity indicator, these differences are of no significance.

An increase of average rail speeds on the corridor did have a comparatively small
influence on the attractivity of rail-transport chains (and of course no influence of
train-speeds by 50% only resulted in a maximum increase of attractivity of rail
transport of 10% (in case of the rail-transport chain via Travemünde). An increase of
the rail speed by 100%only resulted in amaximum increase of 15%of the attractivity.

This is not too surprising, as travel time is only part of the total travel time of a
freight train. The rather low influence is of course also due to the necessary time-
expenditure for transhipment, shunting and the time penalty incurred by scheduled
services.

An increase of diesel-prices had a much stronger effect on the attractivity of road-
transport services: An increase of Diesel prices by 50%, led to a decrease of road
transport attractivity by 26% to up to 40%. Intermodal transport chains were much
less effected and only experienced a decrease of attractivity by 0.5−1.1%.

The largest increase of attractivity for rail transport was achieved by the introduc-
tion of the Fehmarn-Belt tunnel into themodel. The tunnel resulted in the omission of
transshipment processes along the Baltic sea cost. So transport time-effects had very
strong influence on the attractivity. This also led to lower transport costs. Transport
time was still about 20% higher, than the fastest chain (transport by road via the ports
of Rostock and Trelleborg), but faster than all other examined transport chains.

7 Conclusions

The majority of road vehicles are still powered by Diesel. This is not completely
surprising, as the road vehicle-market still lacks viable options for long range trucks
with alternative drive trains.

Also the modal split is mainly focused on road transport, with up to 81% of the
freight volumes being transported by road.

Though a significant share of the freight volumes between the continent and
Scandinavia flows via the fixed links over Jütland, a very large portion of the transport
chains are “naturally” broken along the sea ports of the Baltic Sea, thus leading to
an increase of costs and transport time.

This actually carries the chance for a change in themodal split. Aswe found, elim-
inating or reducing factors that increase cost and time-expenditures on rail transport-
chains, significantly increases the attractivity of rail-transport relations. This is espe-
cially apparent for the case of the Fehmarn-Belt fixed link. While increasing rail-
speeds has no significant effect, organisational approaches can have a noticeable
impact, if they address effects related to increasing the efficiency of the transhipment
points (or eliminate them altogether as in the case of the Fehmarn-Belt link).

Possible recommendations for a modal shift, based purely on political measures,
should be focussed on the costs of transport e.g. increasing the costs of road transport
or lowering the costs of rail transport.
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However, certain infrastructure projects can have a stronger (though locally
limited) effect. This underlines the rational behind projects, such as the Fehmarn-Belt
and the Brenner-Basis-crossings.

This work could be further expanded on, by conducting additional surveys in the
nort- and west-range ports. Currently the model does not include transport flows,
that circumvent the corridor by sea.
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The Effects of Sustainability-Driven
Policies on Transport CO2 Production:
High-Speed Rail Transportation
as an Alternative to Passenger Air
Transport

Alessio Tardivo and Armando Carrillo Zanuy

Abstract The purpose of this study is to evaluate to which extent the rail transport
mode can improve the environmental situation in Europe if it were to be at the
centre of sustainability-driven policies. In particular, it aims at estimating a relative
picture of the CO2 emissions generated by short-distance air passenger transportation
in Europe, which could have been transferred to high-speed rail and produce less
CO2. This study follows a three-step methodology. Firstly, it calculates the number
of passengers travelling on each route between cities and estimates the total CO2

emissions. Subsequently, it leverages the current literature on CO2 consumption
from railway passenger transport. Lastly, it estimates the possible scenarios in terms
of CO2 emissions that would have followed adequate sustainability-driven policies.
The study found that short-range aviation in EU28 produced 9.2 million tons of
CO2 in 2017, which represents about 5% of total aviation emission, about 1% of
total transport emission and about 0.2% of total CO2emission. Furthermore, the CO2

production on the 175 routes analysed increased until 2019, while precise policies
could have allowed saving 582 MT CO2. The effects of the COVID-19 outbreak
on the European transport sector increases the relevance of this study. To avert the
“return to normality” vis a vis Greenhouse Gases (hereinafter “GHG”) emissions
from the sector, it will be necessary to introduce structural changes. As Austrian
Airlines or KLM bailouts show, environmental concerns might finally influence the
decision-making process on public transportation. In the context of a green recovery,
this study not only lays the foundation for further contributions addressing the CO2

production from EU-wide sectors but also underlines the role the railway can play
in environmentally friendly transportation.

1 Motivation

Traditionally, economic development was thought to be achieved at the expense
of the environment and, as a result, the objective of economic growth frequently
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got ahead of the social and environmental objectives. Mobility and transport have
represented perhaps the best cases in which this trade-off has been evident. Despite
the irruption of new technologies, services and approaches in the mobility sector
which are radically transforming the concept of transportation, the transport sector
is steadily increasing its GHG emissions since 1990.

As carbon dioxide emissions are directly related to fossil fuels consumption, the
role of specific transport modes in improving the sector’s share of GHG emissions is
clear. The aviation industry plays a prominent part in this trend: studies revealed that
3.16 tons of CO2 are released out of the consumption of one ton of kerosene, a hydro-
carbon liquid commonly used as a fuel.1 As of 2015, Europe is the second-largest
region in the world for commercial passenger flights.2 In this sense, commercial
airlines play a relevant role in the European transport sector GHG emissions. More-
over, studies as the one by Alonso et al. (2014) underline how air traffic in Europe is
concentrated on short distances below 1000 km, including almost 60% of all flights
and 46% of all passengers. These findings are indeed puzzling, since the Union offers
a broad range of surface transport alternatives.

The GHG emissions resulting from the transport sector are not the only cause for
concern. In the context of heavy rains, rising temperatures and storms arising from
global warming with predicted impacts on the air transport sector, the sustainability
of the current trend vis a vis air passengers transport is challenged. The railway’s
higher resilience, on the other hand, might play a more suitable role in the context
of climate change unfortunate effects. In the context of intra-European mobility, can
railway transport offer a better, less carbon-intensive alternative than air transport for
a sufficient number of cases? As the increase in awareness for environmental issues
and carbon dioxide production can have impacts not only on end-user choices of
mobility and transport, but also on the policymaking behind transport planning, this
study aims at exploring novel possibilities other than aeroplanes to reconcile green
policies and high levels of mobility.

The relevance of the question this study aims to address is high not only in relation
to the EU goal vis a vis GHG emission, but also in the context of the COVID-19
pandemic aftermath. In particular, despite the Union has been characterised by a
low production of GHG emission in the spring of 2020, this trend is expected to
reverse course once recovery measures are working at full throttle. Transport will
have an important role in the predicted rebound effect of GHG emissions; thus, the
development of green new mobility and a high involvement of railway is essential
(Tardivo et al., 2020).

1 https://www.atmosfair.de/wp-content/uploads/atmosfair-flight-emissions-calculator-englisch-1.
pdf.
2 .https://ec.europa.eu/transport/sites/transport/files/2016_eu_air_transport_industry_analyses_rep
ort.pdf.

https://www.atmosfair.de/wp-content/uploads/atmosfair-flight-emissions-calculator-englisch-1.pdf
https://ec.europa.eu/transport/sites/transport/files/2016_eu_air_transport_industry_analyses_report.pdf
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2 Problem Formulation

The rail transport can improve the environmental situation in Europe if it were
to be at the centre of sustainability-driven policies. By calculating the amount of
carbon dioxide equivalent produced in the years 2017–2019 by passenger air trans-
port between major cities within the European Union, this study aims at providing a
sound evaluation of the amount of carbon dioxide equivalent which could have been
saved if better mobility policies would have been in place enhancing the railway’s
passenger share.

After providing the data for a solid background, this study calls for a more
profound cost–benefit analysis not only of traditional air transport in itself but also
of low-cost airlines. This analysis is highly relevant for the EU given both its post-
COVID-19 pandemic recovery as well as its position in the international system,
which as a whole is striving to reach the Sustainable Development Goals (hereinafter
“SDGs”) by 2030.

This study looks at the results of the lack of policies over last two years with the
objective to keep them as a light for the future, since it will be necessary to match the
need for governments to avert a deep recession and the needs for safeguarding the
environment. Since the transport sector plays a fundamental role in GHG production,
it is time to acknowledge this fact and act accordingly.

3 The Position of This Contribution Within Academic
Literature

This study is not the first contribution to compare CO2 emissions from air and rail
transport. Prussi and Lonza (2018) calculated in detail the CO2 emission from rail
and air transport on seven routes within the EU.We take advantage of their work and
build upon their so-called high-rail scenario, including 175 routes and calculating
the precise CO2 emissions from the air sector. Always related to the topic, Alonso
et al (2014) investigated the distribution of air transport traffic and CO2 emissions
within the EU. Despite their focus on the year 2010, their findings must be held
into consideration as they calculated total CO2 emissions from the air sector in 216
million tons, with a large concentration of emissions in a few countries.

On the same line with the previous studies, this contribution aims at providing a
solid base for policy measures capable of curb the sector emissions. In this context,
Mendes and Santos (2008) provided a forecast on the impacts of incentive-based
regulation, suggesting that results were likely to be minimal. The failure of the EU
emission trading system (EUETS) in curbingCO2 emissions from the aviation sector
is evident in the 2020 Commission decision to amend the EUETS regarding aviation.
While academia focused greatly on the effects of aviation’s inclusion in the EU ETS
(Anger, 2010; Mendes and Santos, 2008; Morrell, 2007), it is clear that the academic
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literature lacks cross-sectoral analysis vis a vis CO2 emissions, probably due to the
complexity of detailing addressing these trends on a European scale.

Lastly, this contribution aims at developing an understanding of the implications
for the CO2 production by air transport on an international level. Following the foot-
print of Chèze et al (2013) —which estimated the scenarios for the air transport
to reduce emissions to comply with the IPCC scenarios before the Paris Agree-
ment—this contribution stresses the significance of reducing CO2 emission from the
transport sector in regard to the UN Sustainable Development Goals.

4 Objectives

As highlighted above, this study aims at picturing the amount of CO2 that could have
been saved in the 2017–2019 period provided that some of the passenger transport
were to be shifted from air travel to railways.

Currently, an increasing number of Europeans are moving towards major urban
centres which are interconnected via air, road and rail. The user’s choice in transport
mode has clear effects on the transport sector CO2 emissions, thus we aim at under-
standing the magnitude of the effects of the transport sectors between these urban
centres.

There is a number of these conurbations that are less than 800 km away from
each other, a distance assumed to be still competitive for rail, and yet have dense
air transport connections between them. The threshold of 800 km has been chosen
on the blueprint of the Japanese bullet train Shinkansen, capable of having a greater
market share than airlines on routes up to 965 km (Albalate and Bel 2012). Since
the Shinkansen performance is deeply related to the type of infrastructure present in
Japan, this study deemed feasible to take a more conservative approach in relation
to the European infrastructure and limit its scope to routes up to 800 km long. The
present study calculated the total amount of carbon dioxide equivalent produced
between these major cities resulting only from air transportation. The objective is
then to compare the level of emissions generated from air and railway transport and
understand how much CO2 could be saved if a modal shift to railway was in place.

Addressing an exact value to CO2 emission from air transport is not particu-
larly straightforward, as fuel consumption and therefore emission levels are not
only related to physical characteristics of the aircraft, as engine types, winglets and
number of seating, but also to how the aircraft is operated. Number of passengers
carried, cargo loaded, flight distance, airspeed, landing procedure are factors that
play a role in how environmentally impacting a flight can be. The flight distance
deserves particular attention. At first glance, fuel consumption and carbon emissions
are directly proportionate to the total flight distance. However, studies reveal that
short-haul flights compared to medium-haul flights consume more fuel per 100 km.
This result is based on the fact that the departure and take-off procedures require the
use of a large amount of energy, and their implementation is a very energy-intensive
step in a flight. Since those flights which are less than three hours long are considered
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short-haul flights, most domestic and intra-European flights are of this nature. At the
same time, long-haul flights consume more fuel than the medium-haul flights per
100 km, as the fuel must be carried for most of the flight.3

5 Research

This study aims at identifying the effects of sustainability-driven policies in the
transport sector vis a vis its production of carbon dioxide equivalent. After having
acknowledged that air transportation plays a crucial role in both Europe’s mobility
and in the Union’s global share of CO2 emissions, this study undertakes three steps.

Firstly, it calculates the number of passengers travelling between the major
European cities and estimates the total CO2 production from the sector.

Secondly, it takes advantage of the current literature on CO2 consumption from
railway passenger transport and identifies the difference in CO2 emissions between
the two transport modes.

Lastly this study estimates the possible scenarios in terms of CO2 production that
would have followed the application of adequate sustainability-driven policies to the
transport sector, analysing the potential carbon dioxide equivalent savings resulting
from an ideal transfer of passenger transport from air carriers to the rail network
within the European Union.

This study employs quantitative analysis, elaborating data from EU sources as
Eurostat, the European Commission, EASA, EEA; from private sources as the Centre
forAsia PacificAviation Pty. Ltd., Eurocontrol, Ryanair andLufthansa; and scientific
publications as Prussi and Lonza (2018), and Albalate and Bel (2012).

Data, which was produced by different stakeholders prior to this study, has been
extracted by open-access websites and included into a new database. This database
has been developed and manipulated through Microsoft Excel software.

We recognise that no data set is perfect, thus the present study has limitations
in addressing factors such as the number of each type of aeroplanes from any EU
country. However, data has been selected amongst public entities’ databases with
the aim of providing the most possible transparent data. As such, this study, despite
focusing on theoretical losses in CO2 savings which have not been achieved, does
employ sound data and it expects to stimulate a new approach to the quantification
of GHG emission and its effects on a cross-national EU-wide level.

3 https://www.atmosfair.de/wp-content/uploads/atmosfair-flight-emissions-calculator-englisch-1.
pdf.

https://www.atmosfair.de/wp-content/uploads/atmosfair-flight-emissions-calculator-englisch-1.pdf
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6 Implementation of the Research

The study takes into consideration the routes between European cities with a popu-
lation larger than 500.000 inhabitants as well as European urban areas with a
metropolitan population of over 1 million inhabitants. These thresholds are arbitrary;
however, the researchers consider that this selection is representative enough for the
target of the study. Having this study as objective the evaluation of the possible effects
of sustainability-driven policies on an EU-wide scale, it focuses on major routes and
macro-trends.

The selected cities and urban areas together with their respective countries are the
following: (Table 1)

As this study will analyse the potential carbon dioxide equivalent saving resulting
from a transfer of the passenger transport from air carriers to the rail network, only
some air and rail routes were taken into account, and only the current infrastructure

Table 1 Cities with over 500.000 inhabitants and urban areas with a metropolitan population of
over 1 million inhabitants within the EU

Country City

Austria Vienna

Croatia Zagreb

Czech
Republic

Prague

Belgium Brussels Antwerp

Bulgaria Sofia

Denmark Copenhagen

France Paris Marseille Lyon Lille Bordeaux Toulouse Nantes

Germany Berlin
Dortmund

Hamburg
Essen

Munich
Leipzig

Cologne
Bremen

Frankfurt
Dresden

Stuttgart
Hanover

Dusseldorf
Nuremberg

Greece Athens Thessaloniki

Hungary Budapest

Ireland Dublin

Italy Rome Milan Naples Turin Palermo Florence Genoa

Latvia Riga

Lithuania Vilnius

Poland Warsaw Krakow Lodz Wroclaw Poznan Katowice Gdansk

Portugal Lisbon Porto

Romania Bucharest

Spain Madrid Barcelona Valencia Seville Zaragoza Malaga

Sweden Stockholm Gothenburg

The
Netherlands

Amsterdam Rotterdam The
Hague

United
Kingdom

London Birmingham Leeds Glasgow Sheffield Manchester Bradford
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has been evaluated. As such, Bucharest, Dublin, Helsinki and Palermo were not
included in the study. In fact, althoughbeing suitable as far as population is concerned,
given the long distances between them and the other major EU cities and/or the lack
of infrastructure as bridges to connect them to continental Europe, this study would
not have benefited from their inclusion.

The data regarding the number of passengers carried on each air route has been
obtained from the European Commission´s statistical office Eurostat. Since the
provided data display certain discrepancies regarding the passengers’ traffic between
airports according to each national database, the study provided a mean between the
given passengers’ data. In those cases in which the Eurostat database: (https://ec.eur
opa.eu/eurostat/web/transport/data/database) does not present information on one
of the two airports involved in a selected route, the only value available has been
considered. More information on Eurostat and the transport statistics can be found
at the following address: https://ec.europa.eu/eurostat/web/transport.

The data regarding each flight´s carbon dioxide equivalent emission has been
found employing the Atmosfair online calculator. Atmosfair, a German non-profit
organisation, designed a software tool able to calculate precisely the amount of
carbon dioxide and non-carbon emission from each flight. In particular, since aircraft
engines emit various pollutants that contribute to rising global temperatures, Atmos-
fair calculates both CO2 and other pollutants as well, such as methane, perfluoro-
carbons, nitrous oxide and others. These pollutants and their effects are summarised
by Atmosfair and then converted into CO2. From the “atmosfair Flight Emissions
Calculator” of 2016: “first, the Emissions Calculator calculates the fuel consump-
tion per passenger and based on this result, determines the amount of CO2 that has a
comparable effect to that of all other pollutants emitted by the flight added together
(effective CO2 emissions)”. Therefore, the calculator’s final output is expressed in
carbon dioxide.

At the same time, the production of pollutants by air traffic is three times higher
than that of carbon emissions alone, due to the high altitude inwhich they are released.
To be able to compare the effects on the environment resulting from CO2 production
at high altitude with the effects of CO2 production on the ground (as produced by
railways or cars), the calculatormultiplies by a factor 3 all carbon emissions produced
during a flight at over 9 kms to correctly render the flight’s climate impact in CO2.
Carbon emissions emitted at altitudes of less than 9 kms are not submitted to any
alterations and are directly included in the flight’s carbon footprint. The “atmosfair
Flight Emissions Calculator” explains how this is a “conservative, quantitative–qual-
itative average value based on two metrics (RFI and GWP) and their bandwidths.
Both metrics present the same numerical value, whereby the higher-value GWP
even has a smaller bandwidth. This actual value of 3 is exactly in the middle of
the old IPCC bandwidth of the RFI, which was indicated to be 2–4 by the IPCC
in 1999”. The validity of this assumption has been confirmed both by Lee et al.
(2021) and by the European Commission (2020) and EASA, which state “the CO2-
warming-equivalent emissions based on this method indicate that aviation emis-
sions are currently warming the climate at approximately three times the rate of that
associated with aviation CO2emissions alone”.

https://ec.europa.eu/eurostat/web/transport/data/database
https://ec.europa.eu/eurostat/web/transport
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Table 2 Most common
aircraft by airline company

Company Passengers Most common aircraft–units

Lufthansa group 130,04 Airbus A320–194 units

Ryanair 128,77 Boeing 737–800–430 units

IAG 104,83 Airbus A320–203 units

Air-France KLM 98,72 Airbus A320–36 units

EasyJet 81,63 Airbus A320–168 units

More information on the atmosfair calculator can be found at the following
address: https://www.atmosfair.de/en/offset/flight/.

As the fuel consumption and therefore the carbon dioxide production varies
between which aircraft is being analysed, the study took the Airbus A320 as an
aircraft model. In fact, as far as the five largest airlines companies in Europe are
concerned, the Airbus A320 is the most common aircraft with more than 600 oper-
ating units. Furthermore, according to the Centre for aviation’s forecast, the Airbus
A320NEO leads the orders for narrowbodied aircrafts in Europe, with 1.058 aircrafts
ordered (CAPA 2018).4 The largest airline companies in Europe, together with the
number of passengers carried globally in 2017 and the most common aircraft in their
fleet are shown in the following table. (Table 2).

The second most common aircraft is the Boeing 737–800 with 450 units and 611
orders for its variants for the future fleets in Europe. The airline company with more
Boeing 737–800 in its fleet is Ryanair.

The overall amount of carbon dioxide production between the two aircrafts does
not change dramatically. However, the Airbus is slightly less efficient on distances
below 340 km, while its greater efficiency on the Boeing is noticeable starting from
360 km. Furthermore, the difference in carbon dioxide production between the two
aircrafts increases steadily from the 420 km threshold onwards. A short overview of
the differences in carbon dioxide production between the Airbus A320 and Boeing
737–800 with regard to the route distances is provided below. The data has been
extrapolated from the Atmosfair calculator (Table 3).

Furthermore, in order to be able to estimate the feasibility of shifting means
of transport from air carriers to the rail network, the distances between city centres
have been calculated with the online software “Maps” fromGoogle. Three steps have
characterized the approach to distance measurement: first, the distance in a straight
line between the two cities has been measured, then the distance between such cities
has beenmeasuredon the already existing railwaynetwork.Lastly, those routeswhich
exceed the threshold of the 800 kms on the rail network have been compared with
the same route on the existing road network and have been considered in the study in
case the distance on the road network was less than 800 km. Ultimately, those routes
which are no longer than 800 km on the existing rail network have been classified
as “short-distance route”, while those which exceed the threshold of 800 km on the

4 https://centreforaviation.com/analysis/reports/aircraft-fleets-western-v-easterncentral-europe-air
bus-leads-orders-410122.

https://www.atmosfair.de/en/offset/flight/
https://centreforaviation.com/analysis/reports/aircraft-fleets-western-v-easterncentral-europe-airbus-leads-orders-410122
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Table 3 Differences in CO2 production between airbus A320 and Boeing 737–800 per passenger

Route Distance in
km

Airbus A320 CO2
production (in Kg,
per passenger)

Boeing 737–800 CO2
production (in Kg, per
passenger)

Nuremberg NUE—Munich MUC 150 28 27

Paris CDG—Brussels BRU 260 49 47

Frankfurt FRA— Brussels BRU 315 61 60

Paris CDG—London LHR 340 73 73

London LHR—Amsterdam AMS 360 79 80

Frankfurt FRA—Berlin TXL 420 98 100

Berlin TXL—Cologne CGN 475 106 109

Munich MUC—Berlin TXL 500 110 112

Milan MXP—Frankfurt FRA 520 112 115

Turin TRN—Paris CDG 580 130 135

Budapest BUD – Bucharest OTP 640 146 151

Berlin TXL—Stockholm ARN 810 187 198

London LHR—Naples NAP 1.615 326 357

existing rail network but are no longer than 800 km on the existing road network
have been classified as “medium-distance route”. These last routes were included
in this study in order to evaluate, in terms of CO2 savings, the results arising from
an enhanced rail network. Routes longer than 800 km on the road network have not
been selected for the study. A short explanation of the selection process is shown in
the following (Table 4).

All the routes, distances, passengers and estimated carbon dioxide production can
be found in the Annex section.

Table 4 Selection process of the suitable routes

Route Straight
distance in
km

Rail
network-
based
distance in
km

Road
network-based
distance in km

Classification

Paris CDG—Brussels
BRU

260 315 307 Short-distance route

Wroclaw—Frankfurt
FRA

600 844 725 Medium-distance
route

Hamburg
HAM—London LHR

720 1000 934 Not selected
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Lastly, this study takes into consideration the basis set by Prussi and
Lonza (2018),5 which identify an annual passenger increment of 3.5%. It also applies
the so-called high-rail scenario, in which 25% of the expected aviation passenger
growth is shifted to High Speed Rail (hereinafter “HSR”) service. A shift of 25% of
the expected passengers from air to rail transport would allow a 20% greenhouse gas
emission saving. Prussi and Lonza (2018) identified a 20% saving only from anal-
ysed routes within five European countries. This study employs the same result in
CO2 saving on an EU-wide analysis. The reason behind accepting this value for the
routes and countries other than the originally analysed, is based upon the estimation
that a shift in 25% of the expected passenger increment is not an ambitious-enough
target for the European transport sector at this time.

7 Analysis of Results Through Comparisons

The following table includes the ten routes with higher CO2 impact in Europe. It
is possible to notice, interestingly, the prevalence of national routes amongst the
top 10 most environmentally harmful. While only two of the 10 routes are inter-
national (London—Amsterdam and London—Frankfurt), the remaining eight routes
are within the borders of different European countries. Of these, Germany is the
country with the highest number of national routes (three), followed by France with
two (one of which is the most polluting route in the EU) and The United Kingdom,
Spain, and Italy, with one national route each (Table 5).

Overall, in 2017, the passengers that flew betweenmajor European cities on routes
which do not exceed the 800 km threshold on the rail network have been 78.3million.
The estimated carbon dioxide equivalent production resulting from these movements
was 7.62 MT.

Combining both short and medium distance flights, the total amount of carbon
dioxide equivalent produced in 2017 within these routes alone is 9.2 MT. It is an
impressive amount of carbon dioxide, especially when considered that it results
from short flights within the major cities in the European Union alone. According
to the European Environment Agency (EEA 2019),6 in 2017, the CO2 equivalent
production in the EU amounted to 4.483MT. Therefore, if we take into consideration
the data resulting from this study, it is possible to notice that the 175 analysed routes
accounted for more than 0,21% of the total CO2 equivalent production within the
European Union. If only the 144 routes which have been classified as short-distance
routes were taken into account, the carbon dioxide equivalent production would still
reach a 0,17% of the total European production.

5 https://www.hindawi.com/journals/jat/2018/6205714/abs/.
6 https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer.

https://www.hindawi.com/journals/jat/2018/6205714/abs/
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As highlighted by Eurostat (2019),7 the transport sector represents 25% of the
carbon dioxide equivalent total production within the European Union with 1.120
MTof carbon dioxide, second only to fuel combustionwithout transport. Followed by
agriculture (10%), industrial processes and product use (8%) and waste management
(3%). The carbon dioxide equivalent production in the 175 routes analysed in this
study, therefore, accounted for 0,82% of the total transport sector emissions.

According to the data reported by the European Member States to the UN Frame-
work Convention on Climate Change (EASA 2019),8 the total carbon dioxide emis-
sions of all flights departing from EU28 and EFTA in 2017 have been 163 MT.
Those routes which are classified as short distance in this study, therefore, amounted
to 4.67% of the total production. Including into this evaluation also the medium
distance routes, 5.64% of the total CO2 production to and from European airports
has been produced on the routes analysed in this study. These figures might seem
irrelevant to consider in the big scheme of things, but it is worth remembering that, as
a reference, the EU greenhouse gas emission in 2016 decreased by 0.4% compared
with 2015 and later increased again in 2017 by 0.6% compared to 2016, according
to preliminary data.9 So far then the EU target of reducing greenhouse gas emission
by 20% compared to the 1990 levels looks within reach, even if by a narrow margin.
However, as set in the 2030 climate and energy policy framework, a binding target
of at least 40% cut in greenhouse gas emissions compared with 1990 levels have
been determined in 2014, and the possibility of achieving a 0.17% cut in emission
by enhancing the rail network on routes shorter than 800 km alone should be fully
considered (Graph 1).

Building upon the contribution from Prussi and Lonza, this study considers the
possible CO2 emission savings resulting from shifting 25% of the expected avia-
tion passenger growth to HSR service, in a so-called “high-rail” scenario. Although
a total transferability scenario would be highly preferable, at the same time it is
also extremely unlikely. Therefore, an achievable target for the reduction of carbon
dioxide production must be considered, in order to better identify the steps to
undertake towards a sustainable future for the sector.

Prussi and Lonza identify a 20% saving in CO2 emissions by shifting 25% of the
expected passenger growth to the rail sector.As they also identify an annual passenger
increment of 3.5%, this study builds upon this projection employing the collected
data. As a result, the estimated saving of carbon dioxide equivalent on the 175 routes
analysedwould have been of around 1.84MTCO2, lowering the emission production
from 9.2 MT to 7.36. If such a trend were to be implemented systematically, the
CO2 saving on these routes by 2019 could have been of an additional 1.47MT.
Such a saving would have allowed the analysed routes to decrease their share in
the European CO2 production resulting from the transport sector from 0.82% to a
hypothetical 0.53%. Since 31 of these 175 routes need investments in the rail sector

7 https://ec.europa.eu/eurostat/statistics-explained/pdfscache/1180.pdf.
8 https://www.easa.europa.eu/eaer/topics/overview-aviation-sector/emissions.
9 https://www.eea.europa.eu/data-and-maps/indicators/greenhouse-gas-emission-trends-
6/assessment-2.

https://ec.europa.eu/eurostat/statistics-explained/pdfscache/1180.pdf
https://www.easa.europa.eu/eaer/topics/overview-aviation-sector/emissions
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Other Sectors: 
3363MT CO2

Transport Sector:
957MT CO2

CO2 Production from 
analysed routes: 7,98MT 

CO2 Production from all 
flights departing in …

Air Transport 
Sector: 

163MT CO2

Share of analysed routes on the total CO2 production in the EU

Graph 1 Share of analysed routes on EU CO2 production

to be competitive with the air transport, enhancement of the network should be
considered as an alternative way of cutting CO2 emission. Furthermore, investments
in the current rail networkwould enlarge the possibility for shiftingmean of transport
formore end-users even on routes longer than the one analysed in this study.However,
it should be noted that the current contribution does not include a detailed calculation
of the costs, both in monetary terms and CO2 production, necessary for the railway
infrastructure to accommodate the forecasted modal shift of the passengers.

If 25% of the expected passenger increment on other routes which sits outside
the scope of this study were to be substituted with rail transport as well, the saving
would be even greater. To give a reference, if the four routes between the five most
populous cities which are less than 1500 km long on the rail network were taken
into consideration—see in the following table—the production of carbon dioxide
equivalent would have been 1.55 MT. In the case of a high-rail scenario, the possible
saving on these routes would have been 0.31MT. These four routes alone would have
saved almost one-sixth of all the other 175 routes combined during the year 2018
alone. If both these four high-traffic routes and the previously analysed ones were
combined, the total CO2 production in 2017 would amount to 10.69 MT: 0,95%
of the entire greenhouse gas production from the transport sector in the EU. The
possible saving in a high-rail scenario from these routes alone could have reached
2.14 MT of CO2 (Table 6).

On the other hand, however, what did happen as a result of a lack of policies
able to alter the CO2 emission rate? Considering an annual passenger increment
of 3.5% on the 175 routes analysed in this study, and not considering the eventual
CO2 production saving from the newest technologies in the air transport field, the
results are dangerous. In the first year, the CO2 emissions increased by 14.24%, with
a total carbon dioxide equivalent production of 10.51 MT, from the 9.2 of 2017.
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By 2019, assuming that a stable passenger increment of + 3,5% remained, the CO2

emissions reached 11.71 MT. Furthermore, this growth does take into account only
the production resulting from the greater number of flights per se,without considering
the emission from infrastructure investments (Graph 2).

On the four high-traffic routes alone, in 2019, CO2 emissions reached 1.66 MT,
with an increment of 7.1% over the 1.55 MT resulting from 2017. If this growth is
not to be corrected timely, the transport sector contribution to the achieving of the
2030 objectives would not only be limited, but even harmful.

8 Lessons Learnt

In conclusion, this study highlights the influence of airlines on the GHG emissions
resulting from the European transport sector. More importantly, it also analyses to
what extent it would be possible to lower these emissions by shifting a relatively
small percentage of passengers to railways.

We recognise it is vital to safeguard environmental protection and mobility neces-
sity at the same time, thus this study underlined the importance of actively promoting
a shift from transport modes which are not environmentally sustainable anymore
to transport modes which are ecologically friendly and can play a great role in
tomorrow’s mobility.

Enhancement of the rail network, a change of mindset in the end-users regarding
air transportation and sustainability-driven policies could start a ripple effect in the
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entire transport sector. Given the fact that since 1990 the emission levels from this
sector constantly increased, a change of paradigm together with a re-consideration
of different modes of transport is necessary.

This study does not address the question regarding which airline does produce
more of the carbon dioxide equivalent on the analysed routes. However, it should
be mentioned that in April 2019 Ryanair, according to data from the EU Emissions
Trading System statistics,10 has become the only airline to be included in a list of
Europe’s top 10 polluters. According to the data, Ryanair’s carbon dioxide emis-
sions rose by 6.9% in 2018. The news produced quite a clamour since it has been the
first time a company that does not run a coal power plant has entered in the top 10.
Indeed, Ryanair has been identified as one of the top polluters, rather than Lufthansa,
which has been the largest airline in Europe in number of passengers carried glob-
ally in 2017, or IAG which currently is the third airline in Europe. In response to the
public opinion, the company stated that Ryanair is “Europe’s greenest and cleanest
airline". Furthermore, from June 2019 the company became the “first EU airline to
release monthly CO2 emissions statistics, which show an average of 66 g CO2 per
passenger/km in May 2019”. However, this “new transparent course” should not be
misleading. In fact, a quick look at the data given by the two major companies will
allownoticing that albeit Lufthansa carriedmore people in 2017 thanRyanair (130.04
versus 128.77 million), the difference in number and length of their respective routes
is stark. While Lufthansa (2017) connects 288 airports worldwide,11 Ryanair (2019)
flies to 210 which are all located within Europe, North Africa—where it has nine
destinations—and the middle east—with four destinations.12 Thus, Ryanair’s state-
ment claiming to have “the lowest CO2 emissions per kilometre travelled than any
other airline”, might be correct but certainly is ambiguous. As such, the fact that
14.1 million people flew with the company in May 2019 alone, according to Ryanair
figures, should be highlighted. As already noted earlier in the “methodology” section,
Ryanair is the leading company in Europe for Boeing 737–800 presence in its fleet,
which presents a higher environmental footprint than the Airbus counterpart from
routes longer than 420 km. As a Boeing 737–800 can seat up to 189 passengers, even
by taking into account an unrealistic full load scenario through an entire month, in
May alone 74.603 flights took off, on average more than 2.406 flights per day.

The medium-term sustainability of these numbers must be addressed by further
researches.

10 https://ec.europa.eu/clima/policies/ets/registry_en#tab-0-1.
11 https://newsroom.lufthansagroup.com/english/newsroom/lufthansa-group-airlines-to-offer-
many-new-destinations-worldwide-in-winter-2017-18/s/7ded97ba-a414-4e04-8c8a-a9fa90
6b63d4.
12 https://corporate.ryanair.com/network/?market=it.

https://ec.europa.eu/clima/policies/ets/registry_en#tab-0-1
https://newsroom.lufthansagroup.com/english/newsroom/lufthansa-group-airlines-to-offer-many-new-destinations-worldwide-in-winter-2017-18/s/7ded97ba-a414-4e04-8c8a-a9fa906b63d4
https://corporate.ryanair.com/network/?market=it
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9 Conclusions

This study showed that the share of the short and medium-distance airline flights in
the GHG emissions from the European transport sector is not negligible.

The analysis of the short-distance routes alone shows that 78.3 million passengers
travelled betweenmajorEuropean cities,while the estimated cost of thesemovements
was 7.62MT of CO2. These routes alone accounted for 4.67% of the total production
carbon dioxide emissions of all flights departing fromEU28 andEFTA in 2017, while
if the medium-distance routes are also included, the 175 routes are expected to have
produced 5.64% of the total CO2 production to and from EU28 and EFTA airports.

In 2017, the flights on the 175 analysed short and medium-distance routes carried
an estimated 90.56 million passengers and produced 9.2 MT CO2. As a result, these
analysed routes accounted for more than 0.21% of the total CO2 production within
the European Union.

The introduction of sustainability-driven policies would have allowed the Euro-
pean transport sector to reduce the share of the analysed routes from 0.82% of the
European transport CO2 production to a hypothetical 0.53%, while ensuring the
service without complication for the end-users. In case these policies were imple-
mented as to shift 25% of the expected passenger growth from the air sector to
railways on the 175 routes, it would have been possible for the European transport
sector to save 1.84 MT of CO2, lowering the emission production from 9.2 MT to
7.36.

Keeping in mind that the existing capacity of the European railway system might
not be able to accommodate the passenger shift outlined in this contribution, it is
nevertheless important to recognise the importance of airlines share in the transport
sector CO2 emissions. While further investments will be necessary to expand the rail
network accordingly, the advantage of the sector in terms of GHG emissions over air
transportation is undisputable.

10 Reflections Beyond—Policy Recommendations

Given the magnitude of the CO2 values resulting from air passengers transport, we
believe it is time to implement effective policies addressing climate challenge, espe-
cially regarding the transport sector. The urgency of these policies is evident when
considering the aftermath of the Coronavirus crisis. The pandemic had profound
effects on the global air transport sector and on European airlines, which have been
forced to accept bailout packages from the respective home governments. Although
these bailouts are not expected to focus on the environmental damage airlines pose but
rather on economic and societal aspects, the aspect of green mobility still influences
key policymakers. The development of significant state bailouts can give govern-
ments a rare chance to shift transport away from planes to the greener rail sector.
In particular, the decision by Austrian Airlines to replace the air transportation on
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the Vienna—Salzburg route with train service to meet environmental requirements
in the recently accepted government bailout package is noteworthy. This develop-
ment will enhance railway performance by allowing travellers to choose amongst 31
trains between the two domestic cities instead of the previous three rail connections
per day. However, the significance of government bailouts might be lower, as in the
case of KLM. In this instance, the bailout package requires the general objective of
reducing CO2 emissions per passenger per kilometre by−50% in 2030 compared to
2005. Such a target not only was already set by KLM itself in 2019 but it also only
influences the efficiency levels, thus allowing unlimited passengers growth.

Ultimately, scientific research serves as the compass for environmental policy,
and legislation can deliver the forward momentum. A re-evaluation of air mobility
services is necessary for the EuropeanUnion not only to copewith the crisis triggered
by the COVID-19 pandemic but also to achieve a long-term vision arising from
commitments in international cooperation. In particular, this study shows how the
nature of air transportation and its constant increase in passengers share hinder the
process of reaching the objectives identified by the UN SDGs 12 “Ensure sustainable
consumption and production patterns” and 13 “Take urgent action to combat climate
change and its impacts”.

SDG 12 highlights the following target: “rationalize inefficient fossil-fuel subsi-
dies that encourage wasteful consumption by removing market distortions, in accor-
dance with national circumstances, including by restructuring taxation and phasing
out those harmful subsidies, where they exist, to reflect their environmental impacts,
taking fully into account the specific needs and conditions of developing countries
and minimizing the possible adverse impacts on their development in a manner that
protects the poor and the affected communities”. It is clear that, in light of this
objective, the pre-COVID-19 situation vis a vis CO2 emission by airlines cannot be
restored. The low level of taxation that the air transportation sector benefited from
actively pushed forward the trend of high CO2 emissions. A fairer, more level playing
field amongst transport modes is, therefore, necessary to reduce the emissions from
the transport sector to reach this Sustainable Development Goal. Furthermore, SDG
13 underlines the target of “integrate climate change measures into national poli-
cies, strategies and planning”. In this context, the continued growth of air transport,
and thus emissions, indicates how national policies have failed in containing the
growth of GHG emissions through selected mobility services. Despite its impact
on the environment, air transportation has been at least condoned—if not actively
promoted—by national measures sacrificing the environment on behalf of economic
growth. Sustained steps towards the achievement of these two SDGs by European
leaders would not only be further evidence that railways can accommodate the needs
for environmental protection and high levels of mobility better than air transporta-
tion but would also firmly establish the EU as global leader in transportation and
environmental policies.

In line with these objectives, policymakers should consider the development of
ad-hoc financial measures for big polluters such as airlines. In particular, measures
which might be introduced to curb CO2 emissions from the air sector could be
either taxes on jet fuel, or rather distance-based air passenger taxes or again an
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increased ticket prices with the aim to reduce demand for air travel and thus reduce
emissions. However, the effectiveness of any carbon tax on airlines depends on the
reinvestment of income within the transport sector. As the purpose is not taxation per
se but rather development of green mobility, policymakers should consider curbing
financial support from environmentally harmful travel modes to more eco-friendly
options.

Other options, which however should be investigated regarding their possible
outcome, could include a quota obligation for biofuels or mandatory electric vehicles
for the airport infrastructure. Further studies must examine the results, costs and
opportunities of alternative sustainability-oriented policies.

Following the European Union aim to reduce carbon dioxide emissions substan-
tially, the EU climate action strategy requires a change of paradigm in approaching
transportation and mobility: the 2030 targets require efforts beyond the currently
implementedmeasures. The transport sector, in particular, cannot continue its path of
steadily increasing emissions, since 1990. The need to meet sustainability targets has
to lead to a reconsideration of different modes of transport where the railways might
play a key role in the mobility’s ‘promising’ future. The EU cannot afford to main-
tain the current course of action in respect to air transport regulations and taxations
within its member states if it wants to lead the global change towards an ecologically
sustainable future.

11 Avenues for Future Work

In the context of the existing literature, this study aimed at starting a debate over
the need for research focusing on CO2 emissions from for EU-wide sectors. As this
contribution does not focus on infrastructure development but rather on operations,
further research might consider the costs in terms of monetary expenses and CO2

emissions resulting from enhancement of the infrastructure network for the European
transport sector on a continental scale. At the same time, further studies will need to
provide a detailed evaluation of the feasibility for the railway system to adapt to the
passenger shift outlined in this contribution, together with a detailed evaluation for
such a shift.

Lastly, this study wanted to fill in the current lack of cross-sectoral analysis by
providing a novel contribution. Further researchesmight focus on the comparison and
analysis of other transport solutions and their CO2 share within the Union. Greater
emphasis,we argue,must be placed on the analysis of transport and economic policies
in light of CO2 emission and the 2030 target.

Annex
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Competition on the Domestic Rail
Passenger Transport Market Under
Public Service Obligation in Some
Selected European Countries and Slovak
Republic

Anna Dolinayova, Lenka Cerna, and Igor Domeny

Abstract Sustainable rail transport is an important aim within European trans-
port policy. One way to achieve this is to open-up the rail passenger market to
competition. The White paper 2011 of the European Commission (EC) stated that: a
competitive and resource efficient transport systempresents the need towards opening
domestic rail passenger market to competition, including the mandatory award of
public service contracts through competitive tendering as a first initiative within the
single European transport area. The open access to competition is realised by two
different approaches in many European countries; 1) as a public service provision
through public tender and 2) on a commercial basis—though open access. Markets
for domestic rail passenger services through public tenders have not been opened in
many EU countries. The study looks at the rail passenger transport market situation
in selected European countries (Austria, Italy, Hungary, Germany, etc.) and places
a particular focus on the transport market situation in Slovak Republic. It describes
different mechanisms to realise public tenders for the operation of rail passenger
transport services under Public Service Obligation (PSO), analysis process of public
tenders in the Slovak Republic, quantifies the risk of unsuccessful public tenders and
suggest the criteria to achieve successful public tenders for providing rail passenger
transport services under PSO.

Keywords Competition · Criteria · Public tenders · Rail passenger transport · Risk

1 Introduction

In recent years, the European railway system has become a subject of extensive
reforms. These reforms have different forms in individual countries, but all of them
have a common goal—to reverse the development of the European railways. In most
countries, services with regard to rail passenger transport and rail freight transport
were provided by incumbents or undertakings, (national rail service carriers), which
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were unable to react flexibly to constantly changing social-economic conditions and
passenger requirements. In Europe, mainly in Western-European countries, there
was a diversion of heavy industry and dynamic development regarding automotive
passenger transport. Owing to these changes, the transport performance of freight
and passenger transport decreased with the current increase in indebtedness of state-
owned undertakings. Over the last few years, the railway system in many European
countries has come under increasing criticismwithin the media, andmany people are
complaining about capacity issues, delays, cost, etc. (Fraszczyk et al 2016). These
were themain reasons for implementing the reforms, in order to revitalise the railways
and increase their performance and competitiveness in theEuropean transportmarket.
The main aims of these reforms are liberalisation of the European railways and open
competition in the market (Janeckova 2015). The aim (whether open access services
or rail passenger transport under public services obligation) is to achieve sustainable
rail transport (Abramovic et al 2018). There are two different approaches in the
field of competition. The first one is based on public tenders for the operation of
PSO (public service obligations) services, and the second is based on open access
services, when several carriers operate trains in direct competition with each other,
competing for passengers.

In relation to railway transport, the open access approach gives better identi-
fication to effective competition. Rail carriers are under pressure to reduce costs
and to use market opportunities better. In most EU countries, where railway under-
takings have started to provide open access services, there were effects like price
reduction, improvement in the quality of provided services and an increase in the
frequency of train connections. Noticeably, open access is also accompanied by a
number of problems. Railway transport operation takes place in a network, where
individual lines with different profitabilities exist side by side. There could be cross-
financing of individual lines during the network operation. Due to the high amount
of fixed costs and the entry of new carriers, total costs have been increasing and it
is questionable, if the investments of new carriers in railway technology would be
cost-effective. Open access often leads to fragmentation of transport flows between
more subjects, which can endanger the achievement of economies of density. By
definition, ‘economies of density are cost savings resulting from spatial proximity
of suppliers or providers’. In the context of fare price reductions, open access can
trigger price ‘fights’ between rail undertakings, which eventually cause operational
losses. This type of open competition could be classified as ‘cut-throat’ competition
(Tomeš 2013).

The second way of providing inland rail passenger transport services in the EU
is public tender for PSO (public service obligation) services. PSO services have a
90% share of the total operational performance in the EU and are mainly related to
regional and commuter trains, but also to some long-distance trains. According to
the 4th railway package Directives, these services have to be awarded through public
tenders (Tomeš and Jandová 2018).

Rail passenger transport markets with services provided based on public tenders
are still closed in most EU countries. For example, markets for inland passenger
transport services have been opened inGermany, Sweden, Italy, theUnitedKingdom,
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Austria and Czech Republic. The rail passenger transport market is still closed for
public tender in Lithuania, Luxembourg, Slovenia etc. (Záhumenská 2018). Experi-
ences from these open markets indicate an improvement in service quality and avail-
ability, as well as an increase in passenger satisfaction. In some cases, the passenger
numbers have grown by over 50% in 10 years. In other cases, public tenders for
PSO services brought savings of 20–30%, which could be reinvested in improving
the service quality. Nowadays, following Regulation (EC) No 1370 /2007 rules, the
railway sector is excluded from an obligation to award PSO contracts through public
tender, whilst the Council Directive 91/440/EEC does not include the general right
of access to rail infrastructure around Europe for inland rail transport operation—
as a result, the railways can remain national monopolies. According to Regulation
(EC) No 1370/2007, national authorities in member states may decide to award PSO
contracts in railway transport directly or through public tender (Transport and tourism
policy 2020).

The European Commission (EC) suggested changing and supplementing Regula-
tion (EC) No 1370/2007 on public passenger transport services by rail and by road, in
order to introduce compulsory public tender for awarding PSO services in rail trans-
port. The EC also suggested changing and supplementing Directive 2012/34/EU in
order to allow open access in inland rail transport, with the possibility of limiting
this access in case of a threat to the economic balance of PSO contracts (The 4th
railway package 2016).

PSO services are services where carriers have an obligation to transport specified
groups of the population, in terms of relevant pricing legislation, free of charge
or with social discount (Regulation (EC) No 1370/2007). A competent authority
regulates fares (on selected routes and trains). Losses that arise to carriers from
passenger transport operation, are compensated. Public interest is realised indirectly
by covering the loss from operating unprofitable routes. PSO services mainly include
services that are accessible to every citizen regardless of their financial position and
physical possibilities, anywhere in the member state territory (Act No. 514/ 2009).

PSO services in rail passenger transport are very important for the provision of
transport service for all EU residents, because there are many areas, where public
transport services would not be operated by railway undertakings on a commercial
basis, or would not be operated in the necessary range. PSO services are reimbursed
by resources that are provided by the contracting authority (Strategy for the develop-
ment of public passenger and non-motorised transport in the Slovak Republic until
2020).

With the arrival of the 4th railway package in 2016, the question arises regarding
opening the domestic passenger rail services market. Regulation (EU) 2016/2338
deals with the method of awarding PSO contracts and there is a requirement to
implement a system for compulsory public tenders with regard to these contracts.
After the set deadline, directly awarding PSO contracts will no longer be possible.

The 4th railway package is a sum of six legal norms for the Community railway
development in the EU, particularly the uniform railway market. The main aims
of the 4th railway package are rail transport resumption and increase rail transport
competitiveness compared to other transport modes. It consists of two pillars—the
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technical pillar and the market pillar. The market pillar’s role is to complete the
process of gradually rail transport market opening, which began with the 1st railway
package. Themarket pillar lays down the general legislation for railway undertakings
established in one of the Member states, for the operation of all types of passenger
transport services in any other EU state. It also lays down rules aimed at improving
the impartiality of railway infrastructure management as well as preventing discrim-
ination and introduces the compulsory public tendering principle for PSO services
in passenger rail transport. Competition on the passenger rail transport market will
encourage infrastructure managers to respond to customer requirements better and
improve the quality of services and cost effectiveness. Fair public tender for PSO
contracts can achieve savings in public finances. It is expected that the market pillar
will bring more choice and better quality in the services provided for EU citizens,
which are the main aims (The 4th railway package 2016).

Based on the 4th railway package and amendments to the EU laws, railway under-
takings will be able to offer inland passenger rail transport services throughout the
entire EU. Railway undertakings have two options: to operate services in open access
or to take part in public tender for PSO contracts.

On the basis of the EU Commission’s proposal, public tender can only be applied
for contracts exceeding certain thresholds. Organising public tenders in the case
of small volume contracts would not make sense, because expected cost savings
for public authorities would be low. The maximum limit value for PSO contracts
shall be determinate taking into account the operational performance (train-kms)
or the percentage of total volume of PSO services for each member state will be
available on the market to ensure that suitable tenderers are able to submit a tender.
In order to avoid a disproportionable effect on existing directly awarded contracts,
temporary measures will be adopted in connection with the introduction of public
tender (European Commission Notice 2013).

In Slovakia, there have been several public tenders for operation of PSO services
in recent years, on several routes such as Bratislava—Komárno, Žilina—Rajec, etc.
They all ended in failure and without a final provider for these services. The aim
of the paper is trifold: 1) to conduct a detailed analysis regarding the current state
of public tenders in selected countries and in Slovakia in paricular, 2) to analyse
the reasons for failure of public tenders and 3) to draft procedures for the public
tendering process in the Slovak republic.

2 Literature Review

The problem of competition in the transport sector has been solved in many scien-
tific papers and studies. Many authors have researched intermodal competition from
different viewpoints. Bergantino and Madio (2020) studied whether and to what
extent the introduction of HSR can lead to inter-modal substitution and they iden-
tified the demand segments which are less captive to the currently chosen mode.
Raturi and Verma (2020) applied a game-theoretic framework in order to model
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the competition scenario between high-speed rail and airlines in the Indian context
and assess the impact of speed and passenger characteristics on the equilibrium
of the game. Many other studies have addressed competition/cooperation between
high-speed rail and airlines such as Wang et al (2020), Zhang et al (2019), Tsunoda
(2018), Cadarzo et al. (2017), D’Alfonso et al (2016), Capozza (2016) etc. Beria and
Bertolin (2019) dealt with the main long-distance transport characteristics in a liber-
alised environment (Italy) in terms of market concentration levels, fares and product
specialisation. They considered rail, coach and carpooling services, which are not
fully separate markets and interact in terms of supply, prices and customer groups.
Fearnley et al (2018) researched the competition and substitution between public
transport modes on the basis of 50 empirically estimated cross elasticities between
public transport modes from over 20 sources collected from Australia, Europe and
USA.

The aim of competition in rail passenger transport is to improve the quality and
efficiency of this railway transport segment. While the quality of provided services
has increased in almost all countries where competition has been introduced, there
is no clear evidence of efficiency gains. Dias and Graca (2016) conducted the first
thorough cross-country comparison of European expectations in relation to railway
competition effects by using a multilevel factor model. The results of the Bougna
andCrozet (2016) study showed that competition tendering improves productive effi-
ciency, whereas free entry delivers the opposite result. Their results also showed that
competition and overall liberalisation have no impact on productive efficiency. Tomeš
(2017) performed analysis on 27 European countries in the period between 1995 and
2013 and showed that there is no evidence that vertical separation and competition
entry increase European railway modal shares. Nash et al (2019) studied the experi-
ence of Europe’s three most liberalised railways—Sweden, Germany and Britain—
in opening-up rail passenger services to competition by competitive tendering, and
considered the wider experience in terms of market competition for commercial
services. Jandová and Paleta (2019) researched the budgetary impacts and develop-
ment of public spending efficiency in the context of on-track competition in theCzech
Republic. Their general results indicate that the situation regarding the budgetary
impact is more complex. In Poland almost all entries to the long-distance commer-
cial market in Poland (including the Interregio case) were made from another market
segment (regional public services). Interestingly, by publicly-owned operators (Król
et al 2019).

Competitive Tendering has become in the last decade the prevailing approach
for procuring Public Transport passenger services both at urban and rural/intercity
level (Papaioannou et al 2020). Market liberalization is crucial in terms of speeding
up the procedure regarding the conclusion of the public service obligation contract
(Humic and Abramovic 2019). Contracting is the main trend, which can indeed take
many forms, asmany kinds of relationships are possible between transport authorities
and transport operators, the way authorities divide regulatory powers upon public
transport, theway public transport funding is organised, the type of regulatory regime
and so forth (Pedro and Macário 2016). Poliak et al (2018) identified the importance
of public passenger transport and to define the effective method to increase public



274 A. Dolinayova et al.

transport competitiveness. At present, public transport tendering and contracting
is used mainly in public passenger road transport. Many authors researched how
competitive tendering in the public transport by road affect this segment of transport
in term of costs, economic efficiency, quality of services and other aspects such as
Hensher and Stanley (2003), Rojo et al (2015), Kavanagh (2016), Valkama et al
(2018), Iossa and Waterson (2019), etc.

There are a few studies that deals with rail passenger transport under public
service obligations.Wegelin and vonArx (2016) dealt with addressing the transaction
costs of different governance forms in regional public rail transport by comparing
Germany’s competitive contract awarding model with Switzerland’s direct contract
awarding model. Avenali et al (2020) estimated the standard cost in Italian regional
public rail passenger transport services (LPTR), depending on service characteristics
and proposed regulatory adjustments to accomplish policy targets regarding the fair
allocation of publicLPTR funds toRegions andLocalAuthorities and amore efficient
use of (scarce) local and national public resources. Nash and Smith (2020) researched
public transport procurement in Britain in the bus and rail sector.

Our literature review showed there are amany articleswhich dealwith competition
in the rail passenger transport but only a fewof themdealwith rail passenger transport
services in the public interest.

3 Mechanisms to Realise Public Tenders for the Operation
of Rail Passenger Transport Services Under PSO

In almost every countrywithin the EuropeanCommunity, the incumbent has predom-
inance in the rail passenger market. Most performances in countries are services
operated under PSO contracts concluded with a certain administrative authority,
e.g. ministry or regional authority, unless this authority provides the services itself.
Public interest means the provision of transport services and other public services
at the contracting authority’s expense. The PSO contract can be concluded through
direct award or through a fairer public tender (Regulation (EC) No 1370/2007).

Under Regulation (EU) 2016/2338 of the European parliament and of the
Council from December 14th, 2016 amending Regulation (EC) No 1370/2007
concerning opening the market for domestic passenger transport services by rail.
If the contracting authority is not also the PSO services provider, it may provide
these services by concluding a contract with another legally different entity through
direct award, if the range of services is only within the agglomeration, or through
public tender for railway undertakings that are not internal and the range of services
exceeds agglomerations (Regulation (EU) 2016/2338).
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3.1 Direct Award

A direct award is a way of ordering public services or a method of concluding the
PSO contract between the contracting authority and the selected railway undertaking.
This method has its advantages and disadvantages.

Direct award advantages:

• speeding-up the contracting process,
• conditions in the contract are adapted to the possibilities of the railway under-

taking,
• reducing the risk of the inability to fulfil obligations under the contract,
• there is always a railway undertaking (e.g. incumbent),
• planned performances specified in the contract can be converted into public tender.

Direct award disadvantages:
• insufficient market competition,
• an incumbent is often preferred,
• reducing the quality of services,
• it is not approved by EU law, except selected routes,
• services are provided even for higher economically justified costs.

Under Regulation (EU) 2016/2338 of the European parliament and of the Council
from December 14th, 2016 amending Regulation (EC) No 1370/2007 concerning
opening the market for domestic passenger transport services by rail, direct awarding
means concluding the contract with a pre-selected railway undertaking, which is
chosen by the contracting authority for public services. The EU is simultaneously
pushing for a reduction in the number of contracts concluded through direct award.
Contracts can be awarded directly by the contracting authority, if the contract’s
annual value in passenger rail transport is less than e 7,500,000 or the volume of
services is less than 500,000 train-kms per year. Contracts can also be awarded
directly if it is justified by geographical and social conditions or the directly awarded
contract would lead to higher quality and efficiency in the provision of these services.
Contracts can also be awarded directly if the railway undertaking provides services on
its own infrastructure. If the operation of PSO services is interrupted, the contracting
authority may temporarily enter into a contract with another railway undertaking,
for a maximum of two years (Regulation (EU) 2016/2338).

3.2 Public Tender

Another method of awarding PSO services is a public tender. Public tender is
announced by a state administration authority, and railway undertakings with a valid
licence can participate here. It is another form of transport market liberalisation,
which can replace direct award. The result of the tender is that a successful tenderer
is able to conclude a PSO contract with the contracting authority. The tenderer´s
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success is decided by an independent commission. The commission will evaluate the
tenderer’s individual possibilities of meeting the conditions specified in the tender
documents, published by the contracting authority of these services. The public
tender will facilitate the entry of the private sector, whereas this does not presup-
pose the preference regarding the incumbent, but the railway undertaking which has
more suitable opportunities to provide services on tendering route. The contracting
authority of PSO services in Slovakia is the Slovak Republic Ministry of Trans-
port and Construction, and individual regions also have the opportunity to announce
public tenders (Act No. 514/ 2009).

Public tender advantages:

• there is no preference of incumbent,
• higher probability that the contract will be conclude with a private railway

undertaking,
• increasing competition in the passenger rail market,
• higher quality services provided,
• conditions in the tender documents should be adapted to the specific route.

Public tender disadvantages:
• long process duration,
• poorly set conditions in the tender documents, the risk of public tender failures,
• insufficient number of railway undertakings on the market,
• the risk of inability to meet the conditions after concluding the contract.

Under Regulation (EU) 2016/2338, public tender is a procurement for the provi-
sion of PSO services, announced by the contracting authority of these services, and
the participants are transport undertakings. The tendering procedure under this Regu-
lation must always be non-discriminatory, fair and transparent. Before the tender has
started, the Regulation allows (if national law also allows) to temporarily award the
contract through direct award. Such award must be reported to the Commission.
The validity period is up to five years and the contract must be published. Before
announcing the public tender, the contracting authority must check the possibilities
of access to rolling stock for tenderers (Regulation (EU) 2016/2338).

For the purpose of initiation of a public tender, competent authorities assess if
measures are needed to ensure effective and non-discriminatory access to suitable
rolling stock. This assessment shall take into account the fact, whether there are
rolling stock leasing companies or othermarket players providing rolling stock rental.
An evaluation report will be published. Competent authorities can decide in accor-
dance with national law and with State aid rules, that they will accept appropriate
measures to ensuring effective and non-discriminatory access to appropriate rolling
stock (Regulation (EU) 2016/2338).

The contracting authority is required to submit a tender notice in accordance with
this Regulation, where it indicates the volume of services, service type, information
in relation to rolling stock and the contract duration, in the Official European Union
Journal. It has to do so at least one year before the tender starts. The contracting
authority does not have to provide this information, if the services provided in the
contract are lower than 50,000 train-kms per year. If the contracting authority requires
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compliance with social and quality standards, so in that case they must be a part of
the tender documents and also as an annexe to the contract. Tender documents must
indicate the volume and possibility of subcontracting.

Potential railway undertakings have the opportunity to express their interestwithin
60 days of the public tender announcement. If only one tenderer has been notified by
this time, and will be able to fulfil the obligations under the contract, or if there has
not been a better alternative, then the contracting authority can conclude a contract
with this tenderer. If the railway undertaking already has more than one contract
and the aim is to increase the competition and to attract other railway undertakings
into tenders, the contracting authority may limit the number of contracts for this
undertaking.

According toRegulation (EU)2016/2338, theCommissionwill decidewith regard
to the provider of PSO services in a public tender and if the contract is awarded
directly, then the contracting authority will decide itself. Thereafter, the railway
undertaking will provide rail passenger services and other obligations under the
contract, while the contracting authority will reimburse it for these obligations. The
railway undertakingmust state: “It is necessary for the railway undertaking to provide
information to the competent authority in the PSO contract while ensuring the legit-
imate protection of confidential business information. Contracting authorities make
relevant information for preparing the tender available to all interested parties, while
ensuring the legitimate protection of confidential business information concerning
passenger demand, fares, costs and revenues related to passenger public transport,
included in the tender and detailed information in relation to infrastructure speci-
fications, which are important for the operation of rolling stock, in order to allow
shareholders to develop well-founded business plans. Infrastructure Managers assist
the contracting authorities in provision of all relevant infrastructure specifications “
(Regulation (EC) No 1370/2007).

The methods for calculating compensation shall be set in a transparent manner, in
order to avoid overpayment. Operating costs, social costs, as well as vehicle repair
and maintenance costs are compensated. Sharing the railway undertaking´s revenues
will be specified in the contract. Compensation is controlled by the commission on
the basis of a summary report on public service obligations, which is published by
the contracting authority at least once a year. This report must be published on the
authority’s website and also in public transport policy documents. This information
may not be published, if the volume of services provided is lower than 50,000 train-
kms per year (Regulation (EC) No 1370/2007).

Thevalidity of contracts for passenger rail transport awarded throughpublic tender
is 15 years, and this period may be extended by half that time, if the railway under-
taking uses its assets to develop its obligations under the contract (but the contract
must not be concluded between 03.12.2019 and 24.12.2023). It is also possible to
extend the contract by 50%, if services are operated in more remote areas. Contracts
awarded directly are valid for a maximum of 10 years. With an integrated transport
system, the contract can be extended by 50%, if the share of rail services in integrated
transport system is at least 50%—If the PSO contract has been awarded through
public tender, it can only be extended for a period longer than 50% of the validity
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period with the commission’s consent. The validity period of PSO contracts awarded
between 3.12.2019 and 24.12.2023 can be a maximum of 10 years (Regulation (EC)
No 1370/2007).

Regulation (EC) No 1371/2007 of the European Parliament and of the Council
from October 23rd, 2007 on rail passenger´s rights and obligations, was created for
the purpose of establishing the same conditions of carriage for passengers within
the Community’s territory. This Regulation also applies to passengers and railway
undertakings operating PSO services on the basis of public tender or direct award,
and also applies to passengers and railway undertakings operating their services in
open access. Public authorities are governed by this Regulation and they have to
ensure, that the participating subjects rights and obligations will not be breached,
and they should also ensure that the services will be operated (Regulation (EC) No
1371/2007).

The main topics of Regulation (EC) No 1371/2007 are:

• carriage contracts and their conclusion, providing public information, transport
documents;

• responsibility of railway undertakings for passengers and their luggage;
• train delay or cancellation, missed connection and compensation for such cases;
• transporting people with disabilities or reduced mobility;
• safety;
• quality of the operated services and complaints;
• informing passengers of their rights and ways of enforcing them (Regulation (EC)

No 1371/2007).

Based on these rights and obligations, the conditions in the tender documents
are specified. The currently or contractually valid PSO contracts also refer to these
conditions. These conditions must be complied by the railway undertakings and they
must not contradict them in their own transport regulations.

4 Rail Passenger Transport Market Services in Selected
European Countries

The process of gradually opening the railway market in the EU began in 1991, when
the Council Directive 91/440/EEC was issued on the development of the Commu-
nity´s railways. The Directive introduces a certain degree of market liberalisation
and calls on railway undertakings to increase performance rates and competitive-
ness. Until then, railway undertakings in individual countries had the function of
unitary railways, which means they were operating railway transport and simultane-
ously managing the railway infrastructure. As part of the forthcoming liberalisation
of the railwaymarket within the EU, it was unacceptable for a railway undertaking to
perform both of these functions, especially in terms of non-discriminatory access of
railway undertakings to rail infrastructure. Therefore, the Directive requires at least
accounting separation of these two subjects (EU 1991).
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4.1 Liberalisation of Rail Passenger Transport Services

Czech Republic

Transformation of railway undertakings in Czech Republic began in 1993, when
České Dráhy s.o. was founded after a division in the Czechoslovak State Railways.
The vertical separation occurred in 2003, when České Dráhy s.o. was split into two
independent companies—ČeskéDráhy, a.s. as a carrier andSŽDCas an infrastructure
manager. Transformation has been inspired by the Frenchmodel, where ownership of
station buildings and the traffic management are provided by the carrier, and infras-
tructure manager operates the rest of the rail infrastructure. This model was a barrier
for full market opening and entry of new undertakings on the tracks. This problem
was solved in 2011, when the ownership of stations and trafficmanagement including
operating staff, have been transferred under SŽDC administration. Horizontal trans-
formation was completed in 2007, when the ČD Cargo subsidiary operating freight
transport services, was founded by spin-off from České Dráhy (Tomeš 2013).

The first private railway undertaking, that has entered on the passenger rail market
in open access, was Regio Jet in final months of 2011. Regio Jet started operating
its services on the main route between the capital Prague and Ostrava in the east of
the country. At the end of 2012, a private company Leo Express entered on the same
route. Further expansion of open access services came in December 2016, when
Regio Jet entered on a route between Prague and Brno (the second largest city in the
Czech Republic) with four pairs of connections per day. After a year, connections
on this route was expanded to 12 pairs of trains a day, while four of them have a
start/destination station inVienna and eight of them inBratislava (Tomeš and Jandová
2018).

In 2013, another carrier entered a partially deregulatedmarket—Arriva, with eight
daily connections on the route Praha Masarykovo nádraží—Kralupy nad Vltavou.
However, operation of these trains ended in December of the same year. Following
that year, in 2016 Arriva entered on the Benešov u Prahy—Praha route, where 14
commercial connections operate on working days. In the same year, Arriva began
operating international trains from Prague to Nitra in Slovakia, with two pairs daily
connections.

In response to the entry of new railway undertakings in open access between
Prague and Ostrava, since the end of 2011, the Czech Republic Ministry of Transport
has exempted the trains from the national carrier České Dráhy, a.s. on this route
outside of the PSO contract. These trains have been operating since the timetable
period in 2011/2012 as open access services. Super City trains are also operating in
open access on the Prague—Ostrava route—state border with Slovakia. The main
route Prague—Ostrava has become fully deregulated and open to competition. The
Czech Republic is also one of the EU countries, where the incumbent has a smaller
market share in the open access segment than private railway undertakings (Annual
Report of the Czech Railways Group 2011).

In response to the enactment of the 4th railway package, several public tenders
for PSO services have been announced in the Czech Republic, both in regional and



280 A. Dolinayova et al.

long-distance services. From the viewpoint of the valid system of competencies
for ordering PSO services, tenders for long-distance services were announced by
the Czech Republic Ministry of Transport and tenders for regional services were
announced by regional authorities. The largest number of private railway undertak-
ings entered the market of PSO services at the end of 2019—companies Regiojet,
Leoexpress, Arriva, AŽD Praha and die Länderbahn. Tenders for long-distance
services ordered by the Ministry of Transport were won by Regiojet (on the Brno—
Bohumin route) and Arriva (on the Praha—Turnov—Tanvald, Kolín—Nový Bor,
Praha—Rakovník and Praha—Příbam—České Budějovice routes) (Sůra 2019).

Before that, private company GW Train regio entered the market of PSO services
in Czech Republic, which have operated their services on the long-distance R25
Plzeň—Most routes are based on direct award by Ministry of Transport after the
cancelled tender in 2014, which was one of the first public tenders in this country. In
the sameyear, a public tender for operating PSO services on three regional routes,was
announced by the South Bohemian region. The private company GW Train region
won this tender and has been providing services on these regional routes since 2017.

Poland

Transformation of the railwaymarket in Poland began in 1995, when the state-owned
company PolskieKoleje Państwowe (PKP)was divided into several accounting units.
In 1998, these units were also separated institutionally, including their management.
Then in 2001 they were transformed into separate subsidiaries, which became part of
the holding PKP S.A. with 4main divisions—infrastructure PKP Polskie Linie Kole-
jowe, long-distance passenger transport PKP Intercity, regional passenger transport
Przewozy Regionalne and freight transport PKP Cargo (Amos 2005).

In 2007–2008, the concept of the transfer of ordering the regional railway transport
services to regional authorities was developed. For this reason, the new company
Przewozy Regionalne was subsequently spun-off from the holding PKP. Company
shares in this new company have been transferred to 16 regional authorities in the
country (OECD 2013).

The monopoly of the domestic incumbent was already broken in 2005, when
Koleje Mazowiecke S.A. owned by the region of Mazovia was established. This
company has been providing PSO services in regional rail transport based on a
public tender. In addition to Przewozy Regionalne, several other regional companies
are operating the PSO services in regional rail transport, while public tenders are
preferred for this type of services.

The long-distance passenger rail transport market in Poland was opened from a
legislative viewpoint in 2010, in response to the 3rd railway package published by the
European Union. However, for many years, the domestic incumbent PKP InterCity
was the only railway undertaking operating long-distance and in the international
passenger rail market in Poland. The majority of long-distance services have been
awarded directly since 2005, except trains EIC (Expres Inter City), EIP (Expres
Inter City Premium) and TLK (Tvoje linie kolajowe) on the route between Lodz
and Warsaw, which are operated on an open access basis, without subsidies. The
first private company Leo Express entered the international rail passenger transport
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market in 2018 with one pair of trains twice a week on the Prague to Krakow route.
In 2019, the company received a licence to operate open access services on the
route from Prague to the Belarus borders (Terespol station) and to the Ukrainian
borders (Medyka station). The minority of services are provided by private regional
undertakings (market share 0–5%) also operated in open access (IRG-Rail 2020).

Hungary

Implementation of the first railway package began in Hungary in 2003, when the
unitary Hungarian railways Magyar Álom Vasutak (MÁV) were divided into 5 sepa-
rated accounting units—traction, passenger transport, freight transport, infrastruc-
ture and engineering services. In 2005, MÁV was transformed into a holding, from
which 16 subsidiaries have been gradually separated, like freight transport in 2006,
passenger transport MÁV Start in 2007, traction in 2008 and independent infrastruc-
ture managerMÁVPályavasút in 2010. The subsidiaryMÁVCargo operating freight
rail transport was in 2008 privatised by Rail Cargo Austria (OECD 2013).

Legal liberalisation of the international passenger in the rail transport market in
Hungary began in 2009, however no private railway undertaking has yet entered the
market in open access (IRG-rail 2020).

Hungary has had problems with distortion of competition and the incumbent’s
abuse of a dominant position since the beginning of implementing EU legislation.
The situation on the passenger rail transport market has been stagnant for several
years and there are still only two incumbents on the market—MÁV and GYSEV.
All rail services are provided under PSO contracts, which are awarded directly by
the state authority. Legal entry of new railway undertakings is possible by law, but
conditions for their entry, such as licencing or infrastructure allocation system are
not favourable andmainly favour domestic incumbents. For this reason, Hungary has
been facing lawsuits from the European Commission relating to abuse of a dominant
position by the domestic incumbent (OECD 2013).

Nowadays,Czech private companyRegioJet is applying for a licence for providing
open access passenger rail transport services in Hungary, on the route Prague—
Vienna—Budapest. Its success would be a milestone in process of the deregulating
the passenger rail transport market in Hungary.

Austria

Railway transformation in Austria was based on the Federal Railway Structure Act
of 2003, which responded to the Council Directive 91/440/EEC from July 29th, 1991
on the development of the Community’s railways. Due to the required accounting
division of infrastructuremanagement from transport operation, on January 1st, 2005
were the state-owned unitary railways Österreichische Bundesbahnen (ÖBB) trans-
formed into a holdingwith several subsidiaries.Main subsidiaries of theÖBBholding
are ÖBB-Personenverkehr AG, which operates the passenger rail transport, Rail
Cargo Austria AG operating the freight rail transport, and ÖBB -Infrastruktur AG as
the infrastructure manager. 100% of company shares in this holding are owned by
the state through the Federal Ministry of Transport, Innovation and Technology.
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The second domestic incumbent in Austria from 1872 is Die Raaberbahn AG
(Raab-Ödenburg-Ebenfurter Eisenbahn), known as GySEV in Hungary. The share
of the Federal republic of Austria in the Raaberbahn company shares is 33.3%.
The rest of company shares are divided between Hungary and a private stakeholder.
Raaberbahn have their own railway infrastructure in the area of Austria and Hungary
border (Raaberbahn AG 2020).

Legal implementation of the 3rd railway package in the field of deregulation of
the international passenger rail transport market occurred in Austria in 2010. It was
a matter of opening the market de jure, which means that legislative conditions for
licencing and entering the rail infrastructure for railway undertakings in open access
were created. The first private company entered the inland passenger rail transport
market in 2011—WESTBahn Management GmbH (a subsidiary of RAIL Holding
AG), which is still operating trains on the main route in Austria between the capital
Vienna and Salzburg. In its first year of operation in themarketWestbahn operated 13
pairs of connections daily at two-hour intervals. Westbahn has already had problems
with allocating railway infrastructure capacity in its efforts to acquire it, due to the
way of vertical separation of the infrastructure manager and domestic incumbent.
At the end of 2018, Westbahn doubled its offer of connections between Vienna and
Salzburg from 15 to 29 pairs of trains a day. At present, there has been a temporary
reduction in connections of more than 50%, due to investment of rolling stock and
waiting for new ones to be delivered (Tomeš and Jandová 2018).

Open competition on the market of inland passenger rail transport also takes place
on the Vienna—Airport Vienna route. There are 2 companies operating trains—
domestic incumbent ÖBB and private company (although partly owned by the
incumbent) City Air Terminal Betriebs GmbH (CAT). The majority of operational
performances (95%) on mentioned two routes is operated in open access (IRG-rail
2020).

The first private company entered themarket for international passenger rail trans-
port in 2017, when Czech company RegioJet has started operating 4 pairs of trains
daily between Prague and Vienna, as an open access service. The same range of
connections have been maintained to this day (Sůra 2017).

Ordering PSO services in regional passenger rail transport in Austria is in the
competence of regional authorities (same as the Czech Republic), which are the
individual federal republics. Austria has not had much experience with public tender
for PSO contracts yet and most of the PSO services were awarded directly to incum-
bent, due to its strong position and quality of services, unlike countries like Slovakia,
CzechRepublic or Poland,where the competition can force the incumbent to increase
the unsatisfactory quality of services (IRG-rail 2020).

Germany

The process regarding the transformation of railway undertakings in Germany began
in 1994, when the state-owned companyDeutsche BahnA.Gwas created bymerging
two companies—Deutsche Bundesbahn (DB) and Deutsche Reichsbahn (DR), after
the fall of the Iron Curtain and the unification of Germany.
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In the second phase of the railway reforms in 1999 there were 4 independent
divisions spun-off as separate subsidiaries of the DB A.G. holding. Completion of
the transformation cycle in 2008 was the formation of the group DB, which was
created by the merger of the DB A.G. holding company and the newly established
holding company DB Mobility Logistics A.G. There were six subsidiaries as a part
of DB Mobility Logistics holding: DB Regional (passenger transport under PSO
contracts), DB Long-Distance (long-distance passenger transport), DB Schenker
Rail (freight transport), DB Urban (regional bus transport), DB Schenker Logistics
(logistics services), DB Services (property management, including station buildings)
and since 2010 also DB Arriva (Deville and Verduyn 2012).

The legal environment for open access in the passenger rail transport market in
Germany was created in 1994. There were several public tenders for PSO contracts
for regional transport services in the country at the same time. In 2006, the market
share of the private companies in the regional passenger transport market reached
a value of 15.2% of operational performance in train km, then in 2017 increased to
26%. Therewas a stagnation in 2016 after the previous sharp increase. Awarding PSO
services in Germany is like most European Union countries, based on a decentralised
system—they are in the competence of federal republics as regional authorities. The
common regulatory authority in Germany is the Federal agency for infrastructure
(Bundesnetzagentur Jahresbericht 2018).

Long-distance markets (both inland and international) passenger transport in
Germany is characterised by open competition. All long-distance trains, including
trains operated by incumbent DB, are operated on an open access basis. Nevertheless,
there is full deregulation on this market, the incumbent (IRG-rail 2020) still has the
biggest market share (more than 90% of operational performance in train km).

TransdevGermanywas the first private company entering the inland long-distance
passenger rail transport market in Germany on an open access basis in 2002, when it
began operating occasional connections several times a week on the Berlin—Leipzig
route. After that, in 2007 the company Locomore, a founding member of Hamburg-
Köln-Express GmbHwas founded and in 2012 began operating connections between
Hamburg and Köln in competition with Deutsche Bahn ICE trains. Locomore later
moved to the Berlin—Stuttgart route. But the company did not survive the compe-
tition in the market, and in May 2017 declared bankruptcy for insolvency. Subse-
quently, the Czech private railway undertaking Leo Express showed an interest in
the Locomore company shares. Nowadays, Leo Express is operating under the brand
Filxtrain one pair of train a day on the Berlin—Stuttgart route and one pair of trains
per day between Hamburg and Köln (LEO Express to relaunch the Locomore 2017
service).

Several dozen railway undertakings are providing their services on the open long-
distance passenger rail transportmarket inGermany, but theirmarket share isminimal
in comparisonwith the incumbent (0–5%of the operational performance in train km).
Some examples of these railway undertakings on the international market are Thalys
International on the Köln—Brussels route, SNCF on the Paris route or OBBNightjet
and Snälltåget (night train services). On the domestic market it is f.e. Flixtrain, DB
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Regio and several dozen small private companies operating services on local and
tourist railways (IRG-rail 2020).

Italy

The first hint of railway reform in Italy dates back to 1985, when the state-owned
railway undertaking Ferrovie dello Stato (FS) as a part of the Ministry of Transport,
became an independent company. A few years later in 1998, in response to European
legislation, there was a vertical separation and two new subjects were founded—the
infrastructure manager and railway infrastructure capacity allocator Rete Ferroviaria
Italiana (RFI), andTrenitalia operating passenger rail transport services. Both of them
are a part of Ferrovie dello Stato holdings owned by state (Desmaris 2016).

The international and long-distance passenger rail transport market in Italy has
been opened legal (de jure) for open access since 2001, what is a long time before
market opening and was ordered by EU legislation within 3rd railway package. Italy
also became the first European country that opened the market of services provided
on the High-Speed Railways (HSR) (Desmaris and Croccolo 2018).

Despite the earlier creation of a legal environment for open access on Italian
long-distance passenger rail market, the first private railway undertaking obtained
a licence from the regulatory authority after more than ten years in 2012, when
Nuovo Trasporto Viaggiatori (NTV) entered the HSR market in open access. NTV
began train operation under the Italo brand in April 2012 on the Torino—Salerno and
Venice—Salerno routes, which connect the north and south of the country. The scope
of operation began with 21 trains a day and increased to 98 connections a day on
average. In 2019 the share of NTV’s operational performance on the HSR market in
Italy reached value of 35%. As well as NTV trains, trains operation by Trenitalia are
also on the HSR market. Since NTV entered the market, Trenitalia has increased its
HSR operational performance by 110% at the expense of more than 40% reduction
of performance on conventional long-distance routes (Bergantino 2017).

Besides the domestic incumbent Trenitalia, foreign incumbents are also operating
services on openHSRmarket in Italy, like French SNCFon theTorino—Milano route
through SNCF voyages Italia and Trenord owned by the DB and OBB corporations,
operating international trains to Austria and Germany. Their market share reaches
low values (0–5% of the operational performance in train km), compared to 70%
share of Trenitalia and more than 20% share of NTV (IRG-rail 2020).

Regional passenger rail transport services and long-distance services on conven-
tional routes are in Italy under PSO contracts. PSO services are awarded by regional
authorities. Since 1999 these authorities have had the opportunity to decide if they
want to award PSO contracts directly or through public tender. Public tenders have
been used by only 4 Italian regions so far. These tenders took place between 2003 and
2007, accompanied by difficulties and unsatisfactory results (Desmaris and Croccolo
2018).
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Sweden

Swedenwas the first country in the EU thatmade the vertical separation of the subject
responsible for infrastructure management and railway undertaking providing trans-
port services, this was prior to the Council Directive 91/440/EEC being published.
The next part of the transformation process in Sweden was the divide of SJ in 2001
into several new divisions—division of the passenger transport SJ Ltd, freight trans-
port division Green Cargo, division Jerhusen for property management and divisions
EuroMain and Swemaint providing vehicle maintenance. The 3rd railway package
brought with it the obligation to create conditions for open access in the international
passenger rail transport market and was gradually implemented in Sweden between
2009 and 2011. Prior to that, in 2007, night trains were exempt from PSO contracts.
Since July 2007, they have been transferred from PSO contracts to open access
services also SJ’s long-distance connections during weekends and from October
2007 as well as all international trains. All long-distance passenger transport services
have gradually become exempt from PSO contracts and began operating on an open
access basis since 2011, which has made the long-distance passenger rail transport
market in Sweden fully deregulated. Then on the basis of the new Public Trans-
port Act in 2012, Sweden became the first country in the EU, that also allows open
access de jure on the regional passenger rail transport market, but this market is
still heavily subsidised and PSO contracts are there awarded through public tenders
(Alexandersson and Rigas 2012).

Skandinaviska Jernbanor was the first private railway undertaking, which entered
the passenger rail transport market in open access under the brand Blå Tåget (Blue
train) in 2011. This company is still operating trains on theGöteborg toUpssala route,
but it is not a direct competitor of the incumbent SJ, because of specific concept
of “historical and luxurious train experience “ and also due to the travel time on
these trains being two hours longer. In April 2013, private railway undertaking MTR
applied for a licence and for an allocation of the railway infrastructure capacity on
the route between Stockholm and Göteborg (the main railway corridor in Sweden).
MTR based in Hong Kong has become the first railway undertaking based outside
Europe, which is operating passenger rail transport services in a European country.
MTR has operated its trains since 2015, in range of seven pairs of connections a
day. For the comparison, SJ is operating 18 pairs of trains a day on the same route.
In terms of market share the domestic incumbent, similar to Germany, still has a
dominant position on this fully deregulated market (Vigren 2017).

The Netherlands

In the Netherlands, there was only decentralisation of individual services. Open
access in general in the market of the inland passenger transport does not exist.
Exclusive rights for operating inland passenger transport in the Netherlands network
has concession holders. The only case when a private railway undertaking obtained a
concession, was the operation of trains by company Lovers Rail from 1997 to 1999.
After that Lovers Rail terminated its operation prematurely due to unprofitability.
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The market for international passenger rail transport has been deregulated of law
since 2010, in response to the 3rd railway package (Deville and Verduyn 2012).

Abroad, data differs from country to country, its history, territory, or the extent
of the railway network and public interest of the state. Ordering services under PSO
contract is only very sporadic through tendering in EU countries. Most countries are
trying to extend contracts with existing railway undertakings, or use direct award.

4.2 Declared Public Tender

The current state of PSO services operation in selected European union countries
has been analysed in two ways. One of them is finding currently announced public
tenders, which have been published on the European Union Official Journal website.
The second way is a questionnaire survey for ascertaining the state of public tenders.
Questionnaires were sent to all of European Union (or EC) countries by e-mails due
to the current pandemic situation across Europe. Personal and telephone inquiries
could not be carried out because individual ministries in the EU worked in home
office.

The status and way of announcing public tenders in the EU countries was
detected on the basis ofmandatory publication “Tender announcements “.We focused
mainly on information concerning tender subject, languages, time ranges, technical
competence etc.

As of March 11th, 2020, these seven public tenders have already been announced
in the EU countries (Supplement to the European Union Official Journal 2020):

• Czech-Pilsen region—public tender for PSO contract on lines: P4 Plzeň—
Žihle, P13 Plzeň—Bezdružice, P14 Planá u Mariánských Lázní—Tachov, P21
Rokycany—Nezvěstice, P22 Plzeň—Radnice, P31 Nýřany—Heřmanova Huť,

• Germany—Dresden—trains on the non-electrified routes in Dresden region on
lines: (RB 33 Dresden—Königsbrück, RB 34 Dresden—Kamenz, RB 71 Pirna—
Neustadt / Sa.—Sebnitz, RB 72 Heidenau—Altenberg and RE 19 Dresden—
Heidena—Altenberg),

• Germany—Munchen—PSO services in Munchen region, (München Hbf—
Passau, München Hbf—Plattling/Regensburg, (Erding—Schwaigerloh)—
München Flughafen Terminal—Regensburg Hbf, (München Hbf—Landshut
Hbf),

• Norway—regional and local trains under PSO contract, (L1 Spikkestad—
Lillestrøm, L2 Stabekk—Ski, L21 Stabekk—Moss, L22 Skøyen—Mysen (–
Rakkestad), R20 Oslo S—Halden, L3 Oslo S—Jaren, R30 Oslo S—Gjøvik),

• Poland-Subcarpathian Voivodeship—passenger rail transport services in the
agglomerations of the Subcarpathian Voivodeship,

• Italy-Bari—regional passenger rail transport services in Bari region,
• Italy-La Spieza—passenger rail transport services in La Spieza and connections

with cities Marittima, Migliarina a Santo Stefano di Magra.
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In making recommendations to support public tenders in Slovakia, we used the
search for the notifications of the announcement of public tenders.

4.3 Survey on Ways of Ordering Services in the Public
Interest

Analysis of the current situation in service provisions under PSO contracts was
carried out by a questionnaire survey at the beginning of 2020. Questionnaires were
sent to ministries of transport of individual EU countries. This survey has been
addressed to 25 countries and upon concluding the case study 6 responses were
received. The survey contained the following questions:

1. Which entity is the purchaser of public service obligations in the railway sector
in Your country?

• State/region/district/ another territorial unit
2. What is the percentage proportion of railway passenger transport performance

depending on public service obligations and beyond?
• Public service obligations / Outside public service obligations: %
3. How are public service obligations ordered in Your country?
• Tendering only/Direct award only/ Tendering as well as direct award /other:
4. What is the percentage (indicative/approximate number) of public service

contracts which are ordered by tendering or direct award?
• Direct award/Tendering/otherwise: %
5. Can you name examples of carriers that provide these services on the basis of a

successful tendering (only if the tendering in your country has been succeeded)?
6. How is railway passenger transport financed in the public interest in your

country?
• train-kms/passenger-kms/ subsidy in some volume package /otherwise
7. What is Your opinion regarding the 4thrailway package measure that pushes on

realising tendering within the public contract ordering in public interest?
8. How is the plans or measures with implementation of Regulation XYZ that

pushes on realising public tenders within the PSO contracts?
9. In the existing public service contracts framework, do the carriers consider the

appropriate profit by cost calculation?
• Yes/No/Public sector only/otherwise:

The realised survey results are listed by the countries.

Czech Republic

In the Czech Republic, PSO services are ordered by the state and individual regional
authorities, while about 90% of these services are under PSO contracts and the
remaining 10% of services are commercial. PSO contracts in the Czech Republic are
awarded both directly and based on success in public tender, which can be announced
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by Ministry of Transport or regional authority. Currently 75% of services under PSO
contract have been awarded directly and 25% through public tenders. Carriers that
have achieved success in public tender are for example České dráhy a.s.; GW Train
Regio a.s., etc. The opinion of Ministry of Transport on public tenders is positive and
it sees it as an objective comparison of costs and revenues items, which are affected
by qualitative parameters of services provided by individual carriers. The Ministry
of Transport is ready to increase the number of public tenders. PSO services are
financed based on operational performances in train-kms and carriers have right to
reach an appropriate profit.

Republic of Poland

Services under PSO contracts in Poland are ordered by state or regional authorities
(voivode ships), while these services represent approximately 90% of all passenger
railway transport performances. Contracts can be awarded directly (90% of them)
or through public tender. Contracts awarded in Poland based on the success in
public tender represent around 10% of all PSO performances. These tenders can
be announced by the state or by voivode ships. The Polish opinion regarding the 4th
railway package is that public tenders can increase competitiveness on the railway
market. Services under PSO contracts are financed based on set values of operational
performance in train-kms and carriers can reach an appropriate profit.

Kingdom of Denmark

Entities responsible for ordering PSO services in Denmark are state and regions,
while 98% of all performances are under PSO contracts and 2% are commercial.
Contracts are then awarded directly or through public tenders. 90% of all PSO
performances are operated based on direct award and 10% based on success in
public tender—these services are provided by the private railway undertakingArriva.
Performances under PSO contracts are financed based on some volume package and
carriers can reach an appropriate profit.

Republic of Finland

In Finland, PSO services are ordered by state and by regional authorities. Currently,
concluded contracts have been awarded based on direct award, but there are currently
some public tenders ongoing. Performances under PSO contracts are financed by a
combination of several indicators, like train-kms, passenger-kms, financial packages,
etc., but theMinistry ofTransport did not give an exact specification for them.Carriers
can also reach an appropriate profit.

Republic of Estonia

The authority responsible for ordering services under PSO contracts in Estonia is
the state and all performances are operated based on PSO contracts. Contracts are
awarded only directly, however there is a plan to organise public tenders in the future.
The Ministry of Transport is currently worried that public tenders could cause an
increase in prices for operation transport services in railway transport. Performances
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under PSO contracts are financed based on train-kms and carriers can reach an
appropriate profit.

Republic of Lithuania

The competent authority for ordering services under PSO contracts in Lithuania is,
or will be the state, because Lithuania is just about to conclude the first PSO directly
awarded contract ever. Currently all performances in Lithuania are outside of a PSO
contract. The Ministry of Transport’s opinion on public tenders is positive, they see
them as an opportunity to increase competitiveness and quality of provided services.
Performances under PSO contracts will be financed based on financial package and
carriers will not be able to reach an appropriate profit.

The results of our survey can be summarized in several points as following:

• the purchaser of public service obligations in the railway sector is state and
Regional authorities (only in Estonia Lithuania the purchaser is only state),

• only in three countries is commercial performances (Czech Republic, Poland and
Denmark—in all the same 10%) and PSO are ordered both—tendering as well as
direct award,

• railway passenger transport is most often financed by train km or combination
train km and passenger km,

• the carriers can consider the appropriate profit by cost calculation (beside
Lithuania).

5 Rail Passenger Transport Market in the Slovak Republic

The transformation process for railway undertakings in Slovakia began on 1.1.1993,
when Železnice Slovenskej republiky (ŽSR) was founded after the division of the
Czechoslovak State Railways, based on a decision by the Slovak Republic Govern-
ment. On 30.9.1993 has been issued the Act No. 258/1993 about ŽSR. This Act
defined ŽSR as a state-owned company with the application of elements of commer-
cial and public administration, one of a kind. The Slovak Republic Government
approved with Resolution no. 830 of 2000 for the restructuring and transformation
project and then as a result, two new subjects were created from the former ŽSR
company: Železničná spoločnosť, a.s. as a carrier in both passenger and freight trans-
port and Železnice slovenskej republiky as an infrastructure manager. The transfor-
mation process was completed in 2005, when Železničná spoločnosť, a.s was divided
into 2 independent companies: Železničná spoločnosť Slovensko, a.s (ZSSK) as a
passenger transport carrier and Železničná spoločnosť Cargo Slovakia, a.s as a freight
transport carrier (History of railways 2007).

The Slovak Republic has been applying a separate model since 2002, which
means that the infrastructure manager is not only accounting but also institutional
separated from the national carrier (incumbent). This fact allows more open and
less discriminatory access for railway undertakings to railway infrastructure and
their entry on the market. First, licencing for operation of open access services was
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granted in 2011 to domestic incumbent ZSSK, that has removed since 2012 its IC
trains on the main route Bratislava—Košice from PSO contract. The first private
carrier that entered the international passenger rail transport market in open access
was Regio Jet in 2014, when this company extended its line from Prague—Ostrava to
Košice. Subsequently, this carrier also started operating an open access services on
the inline route Bratislava—Košice, however this line’s operation was terminated in
2016 (Pečený et al. 2016). In 2016, they began operating their services on the Praha—
Košice route as well as another Czech private railway undertaking Leo Express. The
4th railway undertaking operating passenger rail transport services on the partially
deregulated market is Arriva, who have been operating trains on the route between
Prague and Nitra since 2016. There are currently 2 pairs of trains a day operating on
this route by Arriva.

In terms of passenger rail transport services under PSO contracts, there are
currently two PSO contracts concluded in Slovakia (both long-distance and regional
transport), between the Slovak Republic Ministry of Transport and Construction as a
competent authority responsible for ordering services in public interest and carriers
ZSSK (national incumbent) and Regio Jet (private railway undertaking). The first
PSO contract directly awarded to a private railway undertaking was concluded in
2010 betweenMinistry of Transport and Regio Jet for a 10 year’ period. This contract
is related to operation of services on the Bratislava—Komárno route to the agreed
volume of 1,246,451 train-kms per year. The first public tenders for regional service
operation in the public interest were tenders on the Žilina—Rajec and Bratislava—
Komárno routes, announced at the end of 2019. The first and so far, the only one
public tender for long-distance transport on the Bratislava—Banská Bystrica route
was cancelled after failure (Public service contract ZSSK, a.s., Regiojet 2010).

5.1 Regulation and Financing of Rail Passenger Transport
Services

Ensuring the mobility of people cannot be implemented effectively on market prin-
ciples. The need for regulation results from the economic character of transport and
objective action of factors, which can cause a market failure. Significant factors in
ensuring the mobility of people is passenger transport financing. Public finances
are not only involved in financing infrastructure for passenger transport, but also
in financing vehicles for passenger transport and in compensation for PSO services
operated by public transport undertakings (Nedeliaková et al. 2016).

Because public tenders are made for PSO services, for which price is regulated,
therefore price regulationmust be based onActNo. 18 of 1996 of the SlovakRepublic
National Council on prices. This Act modifies and defines the rights and obligations
of legal and natural persons and state administration authorities, in the application,
negotiation and controlling prices of products, services, labour costs, rental or real
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estate prices and measures to prevent unwanted price distortions and market fail-
ures. This act also deals with price regulation, which is one of the measures for
preventing unwanted price developments. Price regulation is the price determination
or the method of determining price and the conditions of price regulation by the
regulatory price authority, which in railway transport is the Transport Authority (Act
No. 18/1996 ).

Regulation of passenger transport is caused by three basic factors, which are:

• objective causes of market failure,
• enforcing the subjective government aims in other areas of social life through

transport,
• guarantee of fundamental civil rights by the state.

The optimal functioning of transport in the social system is conditioned by
adopting transport policy measures, which respect the conditions and characteris-
tics of society in a certain development period. The EU Transport policy is one
of the starting points for implementing passenger transport regulation at national
level towards ensuring adequate, sustainable and safe mobility and quality of life of
society. It is implemented on the basis of law. In the EU Member States, the duality
of law also applies to transport (Transport and tourism policy—rail transport 2020).

Price authority can regulate prices if:

• there is an extraordinary situation affecting the prices of goods and services on
the domestic market,

• themarket threat is caused by an underdevelopedmarket environment (determined
by the Antimonopoly Office),

• it is the protection of a consumer or a service in public interest (subsidised goods
and services),

• there will be a change in the exchange rate, tax, customs or subsidy regulations,
• the goods are delivered or provided through network industries,
• the goods are delivered or provided through the universal postal service or postal

payment service (Act No. 18/1996).

Price regulation according to Act No. 18 of 1996 of the Slovak Republic National
Council on prices as amended is implemented by (Act No. 18/1996):

• Official pricing:

Official pricing is determining the price of defined goods by the price authorities
as maximum or fixed. The maximum price is a price that cannot to be exceeded. A
fixed price is a price that cannot be changed.

• Factual price guidance:

Factual price guidance means determining the conditions for price negotiation by
the price authority. These conditions are the maximum extent of the allowable price
increase in a certain period or a binding pricing procedure.

• A combination of the previous two methods.
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Price regulation in public passenger rail transport fulfils several transport policy
objectives in the economic, regional, social and environmental fields. These include
the availability of public transport services, cohesion, the redistribution of demand
in favour of public transport in order to reduce the negative environmental impact of
transport and reduce congestion (Strategic plan for the development of transport in
the Slovak Republic until 2030, 2016).

Free travel

Within services operated under PSO contracts, the Slovak Republic Ministry of
Transport and Construction established free fares for selected groups of passengers.
Each railway undertaking must respect this fact and provide its services to selected
passengers free of charge. At present, they are the ZSSK, a.s. and RJSK, a.s. railway
undertakings. Free fareswere introduced onNovember 17th, 2014 in order to increase
interest in rail transport and also for the state social policy (Chúpek 2015).

Registration for free fares has been possible since October 27th, 2014 in the
following sales channels: in the personal cash of ZSSK, a.s. with KVC—registration
and issuance of the card is immediately, in ZSSK, a.s. cash without KVC—registra-
tion and issuance of the card will take place within three working days, and on the
internet (students with a contactless smart card and pensioners over 62).

Through registration, a customer account was created in the ZSSK system for
every passenger who have the right to free train travel. After creating this account, a
card with a 2D code is issued for the passenger. For further purchases, the passenger
is obliged to prove themselves with this card, or to prove themselves with this card on
the train. By loading the 2D codewhen the ticket is issued, the passenger’s expedition
and the ticket’s automatic assignment to the customer’s account is ensured.

The possibility of travelling with a free ticket is not to apply to journeys by
InterCity trains,which have a special tariff.Nevertheless, fares for passengers entitled
to free transport, are advantageous over other passengers on IC trains as follows:

• children under 15 years of age, while up to 6 years of age travel without any
ticket and card. From 6 to 15 years of age, they must already have a ticket for free
transport together with a card issued by the railway undertaking.

• pupils and full-time students at universities and high schools up to 26 years of
age, with citizenship in the Slovak Republic or citizenship or permanent residence
of an EU member state. Pupils / students prove themselves with a ticket for free
transport together with a student card or a card issued by the railway undertaking.

• persons over the age of 62 and pensioners. They prove themselves with a free
transport ticket together with a card issued by the railway undertaking (Public
service contract 2010).

For category R trains—fast trains and selected Ex—express non-commercial
trains, a contingent is set, i.e. a limit on the number of passengers for free transport
on a certain route.

Positive effects of free travel on passenger transport are (Chúpek 2015):

• increase in demand for passenger rail transport,
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• resumption of passenger train operations on routes where operation has been
suspended or cancelled,

• increase in the number of connections,
• transfer of services from road to rail,
• attracting new railway undertakings to the passenger rail market.

Negative effects of free travel on passenger transport are (Chúpek 2015):

• overcrowded trains,
• reduction in the quality of provided services,
• decrease in revenues volume and increase in compensation,
• complaints from paying passengers,
• discrimination against people for whom railway transport is unavailable,
• limiting the number of non-paying passengers in selected train categories.

With the introduction of free transport, it was necessary to take steps to keep
travel quality standards for paying passengers while complying with the above-
mentioned Government Resolutions. For this reason, in the first phase, single and
multi-section limited numbers were introduced in SC, EC, Ex and R trains. However,
the introduction of limits prolongs the issue of travel documents.

In suburban trains, no limits have been introduced, but capacity has increased, and
traffic performance has been strengthened during peak periods. Following the above
facts, in termsof regular changes to the timetable, themanagement of individual trains
was optimised with regard to the actual use—according to passenger demand for
transport. At the same time, ZSSK operatively streamlined the capacity of individual
suburban transport trains (News ZSSK 2020a, 2020b).

During the crisis situation caused by theCORONAvirus pandemic, themeasure of
free travel for the period from 1.4.2020 to 1.6.2020 was interrupted for the pupils and
students. From May 2020, free travel was resumed for all categories of passengers
(News ZSSK 2020a, 2020b).

5.2 Rules for Providing Rail Passenger Transport Services
Under PSO

All elements related to the conclusion of the PSO contracts are regulated by Act
514/2009 on transport on the Railways of the Slovak Republic National Council
entering into force on October 28th, 2009 with the latest amendment valid from
January 1st, 2020. Act 514/2009 of the Slovak Republic National Council regu-
lates the conditions for the provision of transport services in railway transport, tram
transport, trolleybus transport and transport on special rails and cableways. It also
regulates public administration and state authorities in the area of railways, driver
certifications and the rights and obligations of the carrier as a provider of transport
services, the passengers and customers in freight transport.
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Based on carriage and transport obligation, a transport service planmust be drawn-
up. This plan is also the basis for drafting the timetable and concluding PSOcontracts.
The contract has written form and includes information resulting from the Act:

• definition of obligations, that should be meet by the undertaking,
• territory or routes, where the undertaking has to fulfil its obligations,
• range or possibility regarding subcontracting transport services,
• tariff conditions,
• exclusive rights,
• demonstrable loss or payment schedule calculation method,
• controlling the fulfilment of obligations and recognition of incurred costs,
• measures and sanctions for non-compliance with obligation,
• contract duration,
• other information, as tariff conditions for transporting people in the armed forces

and etc. (Act No. 514/2009).

The role of the PSO contract (hereinafter only contract) is to ensure suitable trans-
port services in the area, taking into account the social and environmental factors.
The contract is concluded between contracting authority of PSO services (in railway
transport f. e. state) and the provider of these services (carrier) in cases, if the transport
undertaking does not provide these services at all or provides them to a lesser range
than necessary, and also in a worse quality and higher price, due to the economic
disadvantage. A contract can be awarded directly or through a public tender, in order
to ensure inland and international transport to the state border for trains, that have at
least one stop in the Slovak Republic territory. A contract can be also applied to an
integrated transport system, where the share of railway transport will be determined.
Railway undertakings can use funds from the contracting authority, which are deter-
mined by the PSO contract within an integrated transport system. For determining the
duration of awarded contracts, the Act refers to the Regulation (EC) No 1370/2007
and its amendment—the Regulation (EU) 2016/2338 (Regulation (EU) 2016/2338).

Thepublic tender is announcedby the competent authority bynotice on itswebsite,
where it determines conditions for participation and the deadline for submitting
applications to participate in the tender, more than 30 days from publication, or
15 days if justifies it as urgent (Act No. 514/2009 ). Tenderers that have demonstrated
that the conditions are met and have met the deadline, will receive a call to submit
their offer. A selected tenderer can submit only one offer alone or as a consortium
of undertakings. Deadline for submitting offers is more than 30 days from the call’s
dispatch date. The call contains:

• a link to published tender notice,
• a website with tender documents, if it is unable to publish them then the tender

documents are attached to the call,
• a deadline, address and language (or languages), in which offers can be submitted,
• a list of documents needed,
• the weight of the criteria or descending order of the criteria’s importance, if not

included in tender documents or the notice,
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• and other (Act No. 514/2009).

Basic and special fares for PSO services must be regulated. It is regulated by
the railway transport regulatory authority, which is the Transport Authority. The
regulatory authority sets the maximum fare amount, that is based on economically
justified costs, by generally applicable legislation. This legislation will be published
in the Slovak Republic Ministry of Transport and Construction Journal (Regulation
ÚRŽD No. 1/2010).

By law, the payment of obligations from a PSO contract which was awarded
directly, is compensation of a demonstrable loss from the fulfilment of the obligation
arising from the contract. In the case of a contract concluded by public tender, the
reimbursed amount is the amount per unit of operational performance, based on
the tender’s conditions. The demonstrable loss represents the difference between
the economically justified costs, including an appropriate profit, and revenues from
regulated fares and other revenues from obligations specified in the contract.

In addition to compensation for appropriate loss the railway undertaking may also
request a subsidy from the contracting authority from its budget for the purchase and
modernisation of rolling stock, that will be used for operation of the services under
PSO contract. Accident and emergency costs, environmental costs and infrastructure
costs caused by a competing transport mode and exceeding the equivalent costs of
the railway undertaking, may be also subsidised. A railway undertaking can only
acquire subsidies in order to increase the quality of services provided (Public service
contract ZSSK, a.s., Regiojet 2010).

5.3 The Current Status of Rail Passenger Transport Services
Under PSO Ordering

The Slovak Republic is a country in which PSO services in passenger rail transport
have only been awarded so far on the basis of direct awarding. Public tenders, that
have taken place so far in the Slovak Republic have not been successful or have
been cancelled. Approximately 90% of the performances are services under PSO
contracts and the other 10% are outside of PSO contracts (open access services). The
contracting authorities in the Slovak Republic are the Slovak Republic Ministry of
Transport and Construction or regional authorities—higher territorial units.

At present, the Slovak Republic Ministry of Transport and Construction has
concluded two PSO contracts. One of the contracts has been concluded with
Železničná spoločnosť Slovensko, a.s. (hereinafter as ZSSK, a.s.) This contract is
network-wide and concluded by direct award. The second PSO contract has been
concluded with private railway undertaking RegioJet a.s. (hereinafter as RJSK).
Currently, the validity of these concluded contracts is coming to an end. Selected
routes on a network-wide contract with ZSSK, a.s. will be or are announced for
public tender. The route from the contract with RJSK, a.s. is also the subject of
public tender.
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5.3.1 Contract with ZSSK, a.S.

This contract was established for the needs of providing public passenger rail trans-
port, which can be national or international with at least one stop in Slovak Republic
territory. It is a network-wide contract. The contract has been awarded directly,
between the Slovak Republic Ministry of Transport and Construction state authority
and the national railway undertaking ZSSK, a.s., The consortium guarantees that it
will provide these services in accordance with conditions arising from this contract
and other annexes or appendices, which are an integral part of the contract. The
contract enters into force 01.01. 2011 for a 10 year’ period, which may be extended
by a maximum of 5 years. For each year of the contract’s validity, the annual opera-
tional performance is ordered and the amount of its compensations is stated (outside
the base year it is stated in the appendices) (Public service contract ZSSK, a.s. 2010).

Based on this contract, the contracting authority for PSO services guarantees that
it will pay the railway undertaking compensation for the provision of these services,
but the railway undertaking may not misuse them for other purposes. The Ministry
is also a public administration body in the field of rail transport, but it also has
the rights of a ZSSK, a.s. shareholder, whereby the sole shareholder is the Slovak
Republic. Based on the Act on the State Budget, the amount of expenditures that will
be reimbursed in the relevant year is determined.

The Railway undertaking has three general obligations:

• Transport obligation—the railway undertaking must receive and transport each
passenger on specified routes, on specified connections, according to a valid
timetable. It must carry passengers on the basis of the established tariff, transport
conditions and on the basis of meeting the conditions arising from the contract
and other legal regulations.

• Operational obligation—the railway undertaking guarantees that it will provide
services with a licence and use vehicles suitable for the carriage of passengers.
The railway undertaking has to maintain, repair or renew these vehicles, which it
uses for PSO services.

• Tariff obligation—the fare should be set by the railway undertaking so as not
to exceed the maximum amount set by the decree of the regulatory body. For
unregulated services, prices are set by the contracting authority. These fares may
differ according to the category of passengers. If the railway undertaking agrees
with the contracting authority, it can transport passengers for lower fares (Public
service contract ZSSK, a.s. 2010).

The railway undertaking also has other obligations. It should ensure, that the
services provided meet the requirements for vehicle quality, capacity and cleanli-
ness. It must also ensure that the operation is safe, smooth, accurate and regular.
The contracting parties will establish a quality management system. The railway
undertaking must separate the services, which provides in public interest from other
services in a commercial way, on an accounting basis. The contracting authority may
order an audit of the obligated railway undertaking.
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The contracting authority’s obligation is that it will pay the railway undertaking
compensation for the ordered services, which have a range on the basis of the Act
on the State Budget. Compensation for the contract of Ministry of Transport with
ZSSK, a.s. is calculated according to the following steps:

The initial calculation of compensation parameters is done once, before the
contract has entered into force. Contract compensation is based on economically
justified costs, which are divided into 6 categories such as:

• costs related to vehicles (capital costs),
• costs related to distance (labour costs, maintenance costs, spare parts costs…),
• costs related to time (personnel costs in operation),
• costs related to train weight and performed kms (fuel, electricity),
• selected actual costs (infrastructure charges, service charges, cross-border

services…)
• other costs (overhead and others) (Public service contract ZSSK, a.s. 2010).

The indexation of compensation parameters is performed at the beginning of each
contract year. Indexed can be costs for:

• oil fuel;
• electricity;
• wages and social insurance;
• interest costs;
• other costs, inflation (Public service contract ZSSK, a.s. 2010).

Determination of planned compensation and advance payments shall take place at
least 6months before the year of validity of the supplement.Advance payments divide
the calculated value of compensation into 12 equal part, which are paid monthly. The
calculation is:

Compensation = (P P ∗ C P) + AP − P R (1)

where

PP planned performances
CP compensation parameters
AP appropriate profit
PR planned revenues.

The adjustment of compensation parameters takes place at the beginning of each
contract year at either party’s request, when the cost amount changes. The contracting
authority also has an obligation concerning the quality management system (submis-
sion of proposals) to provide the necessary information to the railway undertaking
and to assist in investments related to performance in the public interest.
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Fig. 1 The Bratislava main station—Banská Bystrica route. Source Author, via ŽSR

5.3.2 Contract with Regiojet, a.S.

The contract for the provision of PSO services was concluded by direct award on
the basis of the provision of transport services by public passenger railway transport
on the route Bratislava hlavná stanica—Bratislava NovéMesto—Dunajská Streda—
Komárno (ŽSR no. 131 and 132 routes). The contract has been concluded between
the contracting authority—the Slovak Republic Ministry of Transport and Construc-
tion, and private railway undertaking RJSK, and has entered into force 30.09.2011.
The contract’s validity will end before the timetable change in 2020. Operation
of passenger trains on this route began on 04.03.2012. Based on this contract, the
contracting authority must pay compensation for services from the state budget
(Public service contract Regiojet, a.s. 2010).

Annexe 1 of this contract contains the factual and time definition of trains for the
first period of operation and the timetable period 2011/2012. For subsequent years,
the volume of services is adjusted by an addendum to the contract. As in the contract
with ZSSK, a.s. the contract includes an order for services for each valid year. Total
volume of operational performance may change based on external factors, such as
the different number of days in a year, so that they deviate from the original order
by a maximum of 5%. Trains must operate on the basis of the timetable compiled
by the infrastructure manager ŽSR in cooperation with the contracting authority.
This contract also defines the railway undertaking’s general obligations to ensure the
transport service on this line (Public service contract Regiojet, a.s. 2010).

The provider, RJSK, guarantees that it will operate trains that comply with the
contracting authority’s quality requirements under this contract. Deviations are only
permissible with the contracting authority’s consent but must be in writing and are
only valid for a certain period. Based on this contract, operation of services is ensured
by the use of vehicles Bombardier Talent, or vehicles with similar attributes as:
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• the vehicle is approved for operation and has a design speed of at least 120 km /
h,

• the seats must be upholstered with headrests,
• allow for transporting pushchairs and bicycles,
• a toilet for people with limited mobility or orientation,
• optical and acoustic information system,
• air-conditioned vehicle interior,
• at least 8 seats in the first class (Public service contract Regiojet, a.s. 2010).

Under this contract, the provision of services is evaluated according to operational
quality indicators as:

• clean interior,
• functional acoustic device providing train position information,
• the provision of route timetables free of charge at any stop or station where the

train stops,
• staff wear uniforms,
• customer line in operation at least during working days from 08:00 to 18:00,
• emergency telephone lines in each vehicle,
• free Wi-Fi,
• other qualitative indicators agreed between the railway undertaking and the

contracting authority (Public service contract Regiojet, a.s. 2010).

The railway undertaking RJSK must carry out a passenger satisfaction survey at
least twice annually, whereby they will take corrective measures in cooperation with
the contracting authority. The contracting authority must pay compensation to the
railway undertaking for the provision of services, which may not be exceeded, based
on the Formula (2).

Compensation = T P ∗ Ptkm ∗ (1 + i) + T P ∗ Pi (2)

where
TP—total operational performance in train-kms for the timetable’s validity period,

without unrealised and erroneous performances
Ptkm—price per one train-km
i—yoY index of consumer price increase.
Pi—price for the use of railway infrastructure per one train-km.
Compensation is paid by the contracting authority in monthly advance payments.

The contracting authority should cooperate with the infrastructure manager to ensure
a quality, safe and efficient transport infrastructure and traffic management also for
the private railway undertaking. Based on this, a triple agreement has been concluded
with RJSK, ŽSR and theMinistry of Transport (Public service contract Regiojet, a.s.
2010).
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5.4 Quality Standards of Rail Passenger Transport Services
Under PSO

Obligations concerning the quality of services provided in the public interest are
also included in the contract. These are often parameters, which must already be
proven by the railway undertakings during the application for the contract. During
the operation of services, compliance with these parameters is checked.

These parameters are described in supplement No. 10 of the RJSK, a.s. PSO
contract and in supplement No. 9 of the ZSSK, a.s. PSO contract (2010). The
monitored parameters are identical for both railway undertakings and are only
approximately specified in this study. Individual parameters are:

• Accuracy and fulfilment of the timetable—The contracting authority requires a
minimum accuracy of trains of 94%. If it is not complied with, the contracting
authority can ask for a penalty ofe 16,000 for each full percentage. However, the
most common delay is caused by traffic reasons, by the Infrastructure Manager. It
is a delay beyond the control of the railway undertaking, and therefore this delay
is not included in the accuracy of trains. If the trains are accurate to at least 96%,
the contracting authority will pay a bonus of e 16,000 for each 0.2% increase in
accuracy.

• Train composition—The train composition must be realised according to the
passenger trains composition plan. In the event of non-compliance with the
standards (e.g. use of lower-class wagons), the railway undertaking will be
sanctioned.

• Equipment and functionality of wagons—Wagons should be fully equipped when
leaving the home station ormaintenance station andwithout visible defects in look
and functionality. Only new and original parts must be used to repair wagons. This
standard focuses on toilets, exterior and interior doors, passage doors, windows,
seats, shelves, interior walls, lighting, baskets, floor, Wi-Fi, sockets and the
possibility of transporting bicycles.

• Interior cleanliness—Every first departing train must have a clean interior that
is accessible to the public and must also be free of objects that are not part of
the wagon. If the train leaves a station where there is no technical and hygienic
maintenance, it must be cleaned at least every second day or at a station where it
stays longer than 45 min.

• Exterior of wagons and locomotives—Graphite-free cleanliness, clean and
translucent window panes without traces of dried detergents are required. The
logo of the railway undertaking should be visible on wagons and locomotives,
unless the wagon is leased from another company. Advertising paints are also
approved.

• Interior comfort—The temperature in wagons intended for the public must not
be lower than 18 °C. At temperatures of 30 °C and higher, the temperature in air-
conditionedwagons should be at least 5 °C lower.At least 80%of the lamps should
be lit in the wagon and the dimming device should be in permanent operation.
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There should be no odours in the carriage and the ride should be quiet and without
shocks.

• Train reliability and safety—The contract specifies themaximumnumber of trains
that railway undertaking can cancel or delay by 30 min or more at the destination
station, if the delay is caused by the carrier’s fault. This number will decrease
each year during the contract’s validity. The railway undertaking must ensure that
the train runs safely and that no incidents or accidents occur.

• Information—The railway undertaking must publish the train’s location via the
Internet and, if the train has a delay of more than 30 min, also the development of
its delay. Seating, couchette and sleeping wagons must be marked with either a
notice board or an electronic optical board. The wagon must also be marked with
direction signs.

• Travel documents—The railway undertaking can only accept the documents that it
issues, or documents approved by the contracting authority, unless it is in an excep-
tional situation. The railway undertaking should not allow carriage without travel
documents or must collect a penalty if a passenger does not meet the conditions.
Passengers should have their documents checked within 30 min of boarding.

• Calculation of justified costs—The railway undertaking can only calculate costs
related to the contract, otherwise it would be in breach of the agreed contractual
conditions and would be sanctioned for it.

• Repeated deficiencies or defects—These deficiencies or defects must not be
detected repeatedly on the same wagon within 1 month. The railway undertaking
guarantees that it will not neglect maintenance and repair (Amendments No.
5—Public service contracts 2010).

5.5 Analysis of Contract Performance Under PSO

Fulfilment of the PSO contract was analysed on the basis of data on planned and
realised operational performances and the amount of planned compensation for
demonstrable loss. Table 1 shows the fulfilment of the ZSSK contract, Table 2 shows
the RJSK contract.

As can be seen in Table 1, planned and realised transport services of (ZSSK) had a
declining trend until 2014. In 2012, the private railway undertaking RJSK entered the
Slovak passenger rail transport market, but the services provided by it only slightly
affectedZSSK, as the performance on the taken-over routewas not provided to a large
extent by incumbent. However, the contracting authority’s expectations from RJSK
were to use the potential of this route and therefore for the first year of operation it
was given almost 1 million train km.

In 2014, a small increase in ordered transport performance can be observed
for both railway undertakings. Along with transport performance, the amounts of
planned compensations also increased. That year, the contracts were amended in
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Table 1 Fulfilment of the PSO contract concluded with ZSSK, a. s

Year Planned performances (mil.
train km)

Realised performances (mil.
train km)

Planned reimbursement of
provable loss (mil. e)

2011 31.4 31.252 205.000

2012 29.35 29.358 199.342

2013 29.104 29.121 197.559

2014 29.604 29.594 197.559

2015 31.304 31.169 209.559

2016 31.304 31.418 209.559

2017 31.304 31.399 209.559

2018 32.37 32.347 224.559

2019 33.114 33.161 218.709

2020 33.54 – 218.709

Source ŽSR Annual Reports and data from the Slovak Republic Ministry of Transport and
Construction

Table 2 Fulfilment of the PSO contract concluded with RJSK, a. s

Year Planned performances
(thousand train km)

Realised performances
(thousand train km)

Planned reimbursement of
provable loss (mil. e)

2012 947.743 1,014.783 5.658

2013 1,196.422 1,682.087 7.222

2014 1,196.526 1,169.838 7.223

2015 1,197.248 1,200.106 8.357

2016 1,197.236 1,202.350 8.417

2017 1,197.368 1,197.453 8.438

2018 1,211.094 1,207.859 8.664

2019 1,226.706 – 10.593

2020 1,176.218 – 11.408

Source ŽSR Annual Reports and data from the Slovak Republic Ministry of Transport and
Construction

such a way that free (unpaid) transport for selected passenger groups was intro-
duced, binding for both undertakings. Free transport has affected the demand for
passenger rail services so far.

The realised transport performance is mainly affected by extraordinary events as
accidents, replacement bus services or construction works. In Western Slovakia, the
realised transport performance is also affected by the cancellation of some passenger
trains due to a lack of train drivers.

The ordered operational performance for both railway undertakings is higher
for 2020 than in 2019, but the realised operational performance is expected to be
lower, due to the COVID-19 pandemic. Due to this pandemic, railway undertakings
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provided services only to a minimal extent (limited number of connections during
the working week to the number of connections dispatched on weekends or school
holidays, cancellation of IC trains, etc.).

5.6 Public Tenders of Providing Rail Passenger Transport
Services Under PSO

Public tenders within passenger rail transport in Slovakia are still at the beginning
and the issue of public tenders is insufficiently addressed. The Slovak Republic
Ministry of Transport and Construction has a list of 35 lines that can be put out
to tender. The first attempt at a public tender in Slovakia was on the Bratislava—
Zvolen—BanskáBystrica route, but the tenderwas cancelled. In the SlovakRepublic,
one public tender is currently announced, specifically on the Košice—Veľká Ida—
Moldava nad Bodvou-mesto route, but it is only in the preparatory phase. The
other 3 public tenders have already ended. They took place on the Žilina—Rajecké
Teplice—Rajec, Bratislava—Dunajská Streda—Komárno and Bratislava—Plavecké
Podhradie routes. More public tenders will probably be announced in the future.

The public tender process in Slovakia is in accordance with the legislation and is
as follows:

• Selection of the route for the tender and determining the conditions,
• Publication of a Preliminary Notice of PSO contracts,
• Publication of a notice regarding the tender announcement,
• Registration of tenderers for the tender, submission of applications,
• Selection of tenderers fulfilling the conditions to participate in the tender,
• Making tender documents available to tenderers,
• Submission of offers by tenderers,
• Evaluation of offers,
• Decision on success,
• Conclusion of the contract, possibly temporary direct award (Liberalization of

passenger rail transport 2020).

Public tender Bratislava—Banská Bystrica
The tender was announced by theMinistry of Transport in 2015 and it was the first

public tender for the operation of passenger rail services in Slovakia. The route of
the tender was Bratislava main station—Levice—Zvolen—Banská Bystrica (Fig. 1).
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Fig. 2 Route Žilina—Rajec. Source Author, via ŽSR

However, this tender was cancelled in 2016, by a decision from the Slovak
Republic Minister of Transport and Construction. The reason was insufficient prepa-
ration concerning the public tender and the need for better preparation of the public
tender. Trains that would run on this route would be unlike other public tenders,
category R—Fast train. It is possible, that the tender for the provision of services on
this route will be repeated in the future (Záhumenská 2018).

Public tender Žilina—Rajec
This tender was announced for the operation of regional passenger rail transport

services on route no. 126 from Žilina to Rajec (Fig. 2).
The start of the tender on this route was announced through the publication of

the Tender Notice on August 7th, 2019. Previously, the tender was announced by
the Preliminary Notice of PSO contracts on March 15th, 2018. The announcer of
this tender was the Slovak Republic Ministry of Transport and Construction, and the
validity period of the contract is 119 months. The contract was to be concluded on
February 1st, 2020 (Prior notice of invitation to tender Žilina—Rajec 2018).

Tender documents are not available to the public. The deadline for the submission
of offers was November 8th, 2019 at 15:30. The deadline for opening the submitted
tenderer´s offers prepared on the basis of the tender documents was set for November
22nd, 2019, from twelve o’clock (12:00), at the office of the SlovakRepublicMinistry
of Transport and Construction (Notice of invitation to tender Žilina—Rajec 2020a,
2020b).

Tender offerswere submitted by only one railway undertakingZSSK (incumbent),
which has operated services on this line as the original provider. The Commission
decided, that the tenderer did not meet the requirements for the conclusion of PSO
contract. A public tender on the Žilina—Rajec route does not have a successful
tenderer. The result was published on December 16th, 2019. No further information
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Fig. 3 Route Bratislava—Komárno. Source Author, via ŽSR

is available about the future of the tender or the operation of services on this route
(Notice of the result of the evaluation of tenders Žilina—Rajec 2020a, 2020b).

Public tender Bratislava main station– Komárno

This tender was announced for the provision of regional passenger rail transport
services on the route No. 136 Bratislava main station—Dunajská Streda—Komárno
(Fig. 3).

The start of the tender on this route was announced through the publication of
the Tender Notice on October 10th, 2019. Previously, the tender was announced by
the Preliminary Notice of PSO contracts on June 29th, 2018. The announcer of this
tender was the Slovak Republic Ministry of Transport and Construction, and the
validity period of the contract is 120 months. The contract should be concluded on
December 13th, 2020 (Notice of invitation to tender Bratislava—Komárno 2019).

The tender documents have been made available for the purposes of this case
study, and an analysis of the failure of public tenders in Slovakia will be made on
the basis of them. The deadline for submission of offers was February 14th, 2020
at 15:30. The deadline for opening the submitted tenderer´s offers prepared on the
basis of the tender documents was set for February 17th, 2020, from ten o’clock
(10:00), at the office of the Slovak Republic Ministry of Transport and Construction
(Tender documents Bratislava—Komárno 2019; Explanation of tender documents
Bratislava– Komárno I.,II. 2020a, 2020b, 2020c).

Five railway undertakings were admitted to submit their offers, but the envelope
with tender offers was only submitted by RJSK, which is also the original provider
of railway passenger transport services on this route. In the given tender envelope,
the tender documents were not filled in, but only comments on the course of the
public tender were added. The Commission decided that the tenderer RJSK, a. s. did
not meet the requirements for concluding the PSO contract. The public tender on the



306 A. Dolinayova et al.

Fig. 4 The Bratislava main station—Plavecké Podhradie route. Source Author, via ŽSR

Bratislava main station—Komárno route does not have a successful tenderer. The
result was published on March 6th, 2020.

Public tender Bratislava main station– Plavecké Podhradie

This public tender takes place for the seasonal provision of rail passenger transport
services on route No. 110 and No. 112 between Bratislava main station, Zohor and
Plavecké Podhradie (Fig. 4). It is the provision of rail passenger transport services
seasonally, in the summer, by means of a cycling train “Záhoráčik “, and it will there-
fore be a contract for the provision of services of a local and recreational character.
The announcer of this tender is Bratislava self-governing region.

The start of the tender on this route was announced through the publication of the
Tender Notice on February 7th, 2020. The contract is scheduled to start on May 1st,
2020 and end on October 9th, 2022. This public tender also accepts Czech language
(Notice of invitation to tender Bratislava—Plavecké Podhradie 2020).

The deadline for submission of offers was March 11th, 2020 at 10:00. The dead-
line for opening the submitted tenderer´s offers prepared on the basis of the tender
documents was set for March 11th, 2020, from eleven o’clock (11:00), at the Office
of the Bratislava Self-Governing Region. The main evaluation criterion was the cost
of operating the cycling train (Tender documents Bratislava—Plavecké Podhradie
2020).

Tender documents were submitted electronically. Only 1 tenderer submitted
tender documents—ZSSK, a. s. According to the information we received from
the tenderer’s employee, the tenderer did not succeed in their tender. The announcer
considered their offer to be disproportionately high and also cancelled the public
tender (Answers to public procurement questions Bratislava—Plavecké Podhradie
2020).

Public tender Košice—Moldava nad Bodvou-mesto
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Fig. 5 The Košice—Moldava nad Bodvou-mesto route. Source Author, via ŽSR

This public tender takes place for the provision of regional rail passenger trans-
port services on route No. 160 and also partially on No. 168 Košice—Moldava nad
Bodvou—Moldava nad Bodvou-mesto (Fig. 5), where the regional passenger trans-
port terminal is located. The announcer of this tender is Ministry of Transport and
Construction of the Slovak republic.

The execution of the public tender on this route has so far been announced only by
the Preliminary Notice of PSO contract, which was published onMay 9th, 2018. The
contract is expected to start on January 1st, 2022 and will be valid for 120 months,
10 years. The tender will be announced after the completion of electrification of line
160. So far, the tender is only in the preparatory phase (Prior notice of invitation to
tender Košice—Moldava nad Bodvou 2018).

5.7 Survey of Public Tender Contentment

In order to fulfil the case study’s aim, a satisfaction survey on the course of public
tenders was carried out in the months of January–February 2020 , on the basis of the
opinion of railway undertakings. We ascertained this opinion through questionnaires
sent to passenger railway transport undertakings in Slovakia and Czech Republic.
As a part of the survey, employees who worked in managerial positions with carriers
were contacted.

Respondents, railway undertakings, stated in the questionnaire whether they have
experience with the provision of PSO services and, if they were providers of such
services, how they concluded PSO contracts. They should also state satisfaction /
dissatisfaction with the course of the public tender, express the area of objection to
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the public tender and evaluate the appropriateness of the method of the contract’s
conclusion.

Železničná spoločnosť Slovensko, a. s.

ZSSK is the Slovak incumbent, which mostly provides services on the basis of a PSO
contract. These obligations have been so far awarded to ZSSK, a. s. only through
direct award. This railway undertaking was also a tenderer in a public tender, the
course ofwhich itwas dissatisfied andplans to object to the course of the tender. ZSSK
points out incorrectly set tender conditions (unfulfillable and incomprehensible) and
also on the timeliness of publication of tender documents. In this case, the railway
undertaking does not see an error in the concept of the tenders, but in the conditions set
by the announcer. ZSSK, a. s. prefers direct award to public tender. The individual
risks resulting from the analysis of the failure of public tenders are elaborated in
details in Chapter no. 5.8.

České dráhy, a. s.

České dráhy, a. s. is an incumbent in theCzechRepublic,which also provides services
on the basis of a PSO contract. These obligations have been so far awarded to České
dráhy, a. s. both through direct award and public tender. The railway undertaking was
less satisfiedwith the course of the public tender and points out the non-acceptance of
comments by the announcer. České dráhy, a. s. prefers direct award to public tender.

Arriva

Arriva is a German railway undertaking, which provides services in Czech Republic
as well as in Slovakia. In the Czech Republic, Arriva provides these services on the
basis of a direct awarded PSO contract. Arriva was a tenderer in public tender, with
which it was less satisfied but did not provide a reason of this dissatisfaction. Arriva
prefers public tenders to direct award.

Leo Expres, a.s., (Leo Expres Tenders s.r.o.)

Leo Expres, a.s. is a railway undertaking operating mainly in the Czech Republic,
where it also provides services under PSO contract. They operate commercial trains
in Slovakia on the Prešov—Praha route. The questionnaire was filled in by the
subsidiary LE Tenders s.r.o., which deals with the preparation of the LE railway
undertaking for public tenders. The carrier has acquired PSO performance through
direct award. The carrier was also a tenderer in the public tender. The carrier was
satisfied with the course of the public tenders in the Czech Republic, but no with the
public tender in the Slovak Republic. In its opinion, there is a very short time for the
preparation of tender documents, or offers and there is also a very short time between
the results announcement and the start of operation. The carrier refers to Germany,
where the time between the announcement of the results and the start of operations
is around 3–4 years.

The carrier proposes to be able to choose the timetables according to transport
demand. Also proposes, that requirements for rolling stock should be given only in
a framework, as it is difficult to procure vehicles on the current market in such a
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short period of time. The carrier recommends that the tenders be announced at least
2 years in advance, and that the contracting authority should consult the details of
the contract with the railway undertaking.

5.8 ‘Non–success’ Public Tender Risk

Finished public tenders announced by the Slovak Republic Ministry of Transport
and Construction and by the Bratislava Self-governing Region took place without a
successful tenderer. The specified conditions of participation, and the tender docu-
ments were unable to be met by tenderers or they did not even go to the public tender.
The offer as such was not submitted in any of the tenders announced by the Ministry.
Only objections were submitted in the envelopes (Pribula 2020).

All public tenders in Slovakia have been in accordance with international and
national legislation. But this is not enough for the tender to be successful, if partic-
ipation conditions, tenders and future contracts awarded by the announcer, are not
rational or feasible. Based on the analysis of public tenders in Slovakia and abroad,
we have determined the most common factors that affect the failure of public tenders
in the Slovak Republic. The COVID-19 pandemic did not affect the course of public
tenders in Slovakia.

In the analysis of individual risks, we based objections to the course of public
tenders, outputs from questionnaires, current legislation, the current state of foreign
public tenders and other. For the purposes of this study, we have identified 12
risks, which are important bases for drafting recommendations for a more effective
announcement of public tenders in the Slovak Republic.

Risk 1: Public tender time range

There is often a longer time between the announcement of a tender by the Preliminary
Notice and announcement of a tender by Tender Notice, but there is a very short time
from its announcement to the end of the deadline for the offer’s submission, and
tenderers often fail to meet the conditions set-out in the tender documents. During
the course of a public tender, the tender documents may also be modified on the basis
of the tenderers’ objections. There is also a very short period between the end of the
public tender and the contract’s entry into force.

Time intervals between the publication of the Tender Notice and the deadline for
submission of offers in the Slovak Republic is:

• Žilina—Rajec: approximately 4 months
• Bratislava main station—Komárno: approximately 4 months
• Bratislava main station—Plavecké Podhradie: approximately 1 month (Liberal-

ization of passenger rail transport 2020).

It follows on from the above-mentioned time periods, that the tenderers do not
have even half a year to prepare a tender offer in the tenders that have been announced
in the Slovak Republic.



310 A. Dolinayova et al.

The most obvious factor affecting the course of public tenders in Slovakia was
time. Railway undertakings have complained about this time period both in the
objections of the public contract and in the questionnaires. If the conditions in tender
documents were rationally and appropriately set, it is very likely that tenderers would
be unable to submit properly drafted offers.

Risk 2: Estimated value of services per unit of operational performance—economi-
cally justified costs

Estimated values of costs per unit of operational performance, which the
contracting authority has entered as a precondition and the indicative value, are
too low for the railway undertaking. Railway undertakings agreed in the survey, that
the contracting authority does not include all cost items in the calculation of unit
costs. The contracting authority estimated this value for the Bratislava—Komárno
route in the amount of e7.47 / train km and for the Žilina—Rajec route e7.87 / train
km (Tender documents Bratislava—Komárno 2019).

Railway undertakings object to the value of unit costs expected by the announcer
as unattainable, when the conditions for the contract and the tender are met.

Risk 3: The amount of the bank guarantee

The announcer of the public tender requests from the tenderer is a very high value of
the bank guarantee to be applied in case the tenderer/railway undertaking is unable
to provide the obligations arising from the PSO contract. In such a case, the bank
guarantee is intended to cover outstanding obligations under the contract. Such a
situation is unlikely, if the railway undertaking provides these services on the basis
of success in the tender, which has been fairly decided by a commission appointed by
the announcer to assess whether the railway undertaking will be able to meet these
obligations.

In case of the public tender on the Bratislava—Komárno route, the announcer
requests a bank guarantee in the amount ofe 8,977,317.36, which represents almost
45 times the bank guarantee from the previous contract, awarded on this route directly
(e 200,000). The value of the bank guarantee has been calculated by the product of
the initial annual operational performance and the maximum unit value of the service
provided. Before the first modification of the tender documents, this value was 10
times higher (Tender documents Bratislava—Komárno 2019).

In the Czech Republic in the Pardubice Region, the amount of the bank guarantee
for the annual transport performance of a regional trains of 572,000 train km was
approximately e 0.5 mil. Similarly, for long-distance trains connecting Brno with
Bohumín, with an operational performance of approx. 2.1 mil. train km per year, the
amount of the bankguaranteewas set at approximatelye 1.2mil. For the performance
of transport services in the Pilsen Region, in the amount of 25.5 mil. train km per
year, the region requires a bank guarantee in the amount of e 2 mil. (Explanation of
tender documentation trains—Plzeňsko 2020 and Binding text of the draft Treaty—
Plzeňsko 2020).

Railway undertakings see discrimination in the amount of this bank guarantee
against small businesses, whereas previous contracts required a bank guarantee
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outside the calculation of the product of annual operational performance and unit
costs. The determined value of the bank guarantee outside this calculation was much
lower than in the case of the usual calculation of the Slovak Republic Ministry of
Transport and Construction.

Risk 4: Technical competence

“Minimum level of standards required: List of services provided of the same or
similar character, as is the subject of the contract for the previous 5 years preceding
the date of submission of tender offers, supplemented by certificates of the quality of
service provision, stating prices, delivery times and purchasers “ (Notice of invitation
to tender Bratislava-Komárno 2019).

The contracting authority requests, that tenderers have at least several years long
experience of providing similar services, whereas the minimum volume of opera-
tional performance of the provision of services was similar and a higher volume of
performance on the tendered route. Long experience was different for every public
tender in SlovakRepublic. Fulfilment of these conditions is verified by the contracting
authority, and the tenderer must declare this in the annexes to the application for
participation in a public tender.

The problem is, that these conditions worsen the access of newly founded railway
undertakings to the passenger rail transport services market, and also the access of
railway undertakings, which have been on the market for a long time, but have not
yet had long enough experience in providing passenger rail transport services. New
railway undertakings are unable to obtain the possibility of providing PSO services
on currently tendering routes. It is difficult for new railway undertakings to obtain
sufficient experience in providing services via commercial trains, as there are not
many suitable routes where this would be effective.

Risk 5: Vehicle fleet

The announcer does not provide information on the availability of rail vehicles on
the market, or rental or purchase options. The announcer does not also ensure the
vehicles by itself. This is recommended by the Regulation (EU) 2016/2338, in article
No. 5a. Themarket for required rolling stock is not sufficiently saturated, and railway
undertakings often have a problemwith the availability of required vehicles that fully
meet the contracting authority’s requirements.

Risk 6: Language

Much of the content of the Tender Notice is in the national language. It is
also published in the national language preliminary notices, tender documents for
public tenders in the European Union Official Journal. All documents and other
documentation related to the public tender are also in the national language.

Acceptance of only one language in the public tender makes access to the
passenger rail transport market more difficult for foreign railway undertakings. If the
application for the tender or the tender offer is in a language other than the national
language, participation in public tender may be invalid. In the Slovak Republic,
participation was conditioned only by the Slovak language, except for the tender of a
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cycling train, where Czech language was also accepted. The language barrier creates
obstacles in the transparency of public tenders to foreign countries.

Risk 7: Timetables

The announcer creates preliminary timetables in cooperation with the infrastructure
manager, where the individual travel times are set. Due to the different traction
characteristics of different vehicles, it is not always be possible to comply with these
timetableswith each vehicle, although these vehicles wouldmeet other requirements.
The infrastructuremanager always has the final word in the creation of timetable, and
possible train connections and other traffic on the tendered route must be accepted
when creating them.

The disadvantage of the preliminary creation of the timetable is its non-adaptation
to most of the possible vehicles that could drive on the tendered route, which also
restricts tenderers to offer these vehicles. These timetables are considered binding
by the announcer.

Risk 8: Capacity of vehicles

According to the tenderers, the required capacities of rolling stock by the announcer
are exaggerated.When determining theminimumcapacity of vehicles, the announcer
does not allow standing passengers and does not take the required capacity for peak
hours or saddle hours into account. The announcer also does not take into account
that selected train connections will not be dispatched on the entire tendered route.

When a train is running, it is not only expected that passengers will board at
stations or stops, but that they will also disembark. The tenderers consider that the
required vehicle capacity could only be used during peak hours, if the train were
to run on the whole route. In this way, operating costs increase and the problem of
vehicle availability on the market also increases.

Risk 9: Vehicle quality standards

Strict vehicle quality standards are set in tenders. They are set so, that they cannot
be ensured until a contract enters into force. Most vehicles are not equipped with
devices to ensure passenger comfort or other quality parameters.

Railway undertakings do not have time to ensure, that all vehicles meet these
standards (such as air conditioning etc.) until the contract enters into force. Their
implementation takes place after the tender ends, until the beginning of contract’s
validity. In the public tenderBratislava—Komárno, this should be 50%of the vehicles
offered. However, the railway undertaking had less than a year to equip them.

Risk 10: Requirements for the use of vehicles

The announcer in tender documents requires that vehicles used for contract services
will be used only for services covered by the contract. However, this can affect the
creation of optimal circulations of rail vehicles and reduces the efficiency of their
economic use.
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Risk 11: Electronic cash register

The announcer requests too detailed requirements for electronic cash registers for
the issuance and registration of travel documents. In our opinion, as well as some
tenderer´s, these requirements are irrelevant to the operation of PSO services. For
example, these requirements are the screen size of the device and the number of
identical sensors, their brand, etc.

Risk 12: Information in the PSO contract’s Preliminary Notice

These notices are often published more than a year before the public tender starts but
contain only little relevant information about the future tender. This is information as
the subject of the tender, who the announcer is and the expected date of the contract’s
entry into force.

The specific conditions of participation are only in the Tender Notice, and they
are published very late, before the start of the tender. The information contained in
the Preliminary Notice do not provide sufficient information to assist in a railway
undertaking’s preparation for public tender.

5.9 Draft Criteria for Selecting Providers of Rail Passenger
Transport Services Under PSO

Based on the analysis of the risks of public tenders in the Slovak Republic and
abroad, the current state of ordering services in the public interest in the Slovak
Republic and abroad and on the basis of a satisfaction survey among selected railway
undertakings, we have proposed a set of criteria to support the effectiveness and
success of public tenders in Slovakia. The main aim of the proposed criteria is to
create partial recommendations, that are to streamline the course of public tenders
in Slovakia and ensure their successful completion. The individual criteria have
been elaborated with regard to the performed analysis and questionnaire surveys,
and simultaneously take into account the valid national and international legislation
(Pribula 2020).

The individual criteria follow the analysis of the risks of public tender failure in
the Slovak Republic, and are as follows:

Criterion 1: Time range of the public tender

We propose to extend the total time range of the public tender as follows:

• Period from the Preliminary Notice of PSO contract until the beginning of the
contract’s validity—at least 3 years.

• Separate the time of submitting applications to the public tender from the time of
the public tender duration (elaboration of the offer).

• Time from the publication of tender documents to the deadline for submitting
tender offers—at least half a year.
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• Time from the public tender evaluation to the beginning of the contract—at least
one year.

In our opinion, this is one of the most important measures, that could increase
the chances of a successful course of public tender in Slovakia and possibly abroad,
because in current public tenders announced by the Slovak Republic Ministry of
Transport and Construction, the tenderers were unable manage to prepare tender
documents. There would also be more time for preparing the public tender and the
possible modification of the tender documents.

Criterion 2: Estimated cost value per unit of operational performance

We propose that the estimated value of unit costs not be stated in the public tender.
The aim of public tenders is to ensure a more efficient provision of rail passenger
transport services, which can be achieved primarily by offering better services to
customers. The resulting effect is a higher use of passenger rail transport and higher
revenues, which ultimately reduces the requirements for non-investment subsidies
(depending on the contract conditions).

In case the public tender announcer insists on the maximum unit value of the
service, we propose that this value will be estimated by independent experts.

Criterion 3: Bank guarantee amount

Our proposal is a reduction of the bank guarantee amount. Railway undertakings
and experts do not consider it correct to calculate it from the service’s annual value,
but the set fixed and rational value. Alternatively, it is necessary to re-evaluate the
methodology for calculating the bank guarantee amount, so that its value is rational.

In the Bratislava—Komárno public tender, tenderers would be willing to provide
a bank guarantee amount of 3 times the value of the bank guarantee required in the
previous contract, which is e 3,200,000.

The benefit of this measure is a reduction in unit operating costs due to lower
interest rates and the prevention of problems in obtaining such a high bank guarantee.

We have proposed a formula (3) to calculate the increased bank guarantee amount
for undertakings, that do not have sufficient experience. In this formula, the original
bank guarantee would be increased taking into account the difference in the years
of presence of the undertaking operating the passenger rail transport services on the
market, from the required presence.

BGi = BGb ∗ (P Er − P Et ) ∗
(

O Pt

O Ps

)
(3)

where
BGi—increased bank guarantee in e
BGb—basic bank guarantee in e (stated in the tender documents),
PEr—required period of experience with services similar or the same as in the

announced tender, in years.
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PEt—period of experience of the tenderer, in years (a minimum value of 0 years,
and if the undertaking has more than required years’ experience, then the PEr value
is used),

OPt—average operational performance on the tendered route, in train km/year.
OPs—average operational performance of the tenderer’s service, in train km/year

(the maximum value used in the calculation is equal to OPt).
Maximum value of the ratio of the average expected annual operational perfor-

mance on the tendered route to the tenderer’s realised average annual performance,
would be fixed and would be used by railway undertakings, that had not carried out
any passenger rail transport services until the public tender has been announced.

Application of the proposed formula for the undertaking, who has been operating
on the passenger rail transport market less and with lower operational performance
than in the announced public tender.

The railway undertaking has operated passenger rail transport services for 3 years,
while providing a service worth 30,000 train km per year. The announcer, in compli-
ance with the basic bank guarantee amount, required the railway undertakings
5 years’ experience with a minimum value of the service 53,000 train km per year.
The values used in the calculation are:

• BGb = e 125,000
• PEr = 5 years
• PEt = 3 years
• OPt = 53,000 train km
• OPs = 30,000 train km
• BGi = 125,000 * (5–3 + 1)*(53/30) = e 662,500

As the tenderer did not meet the basic conditions, they must expect an increase
in their bank guarantee to e 662,500.

Application of the proposed formula for undertaking, which has been operating
on the passenger rail transport market for a sufficiently long time, but with lower
operational performance than in the announced public tender.

The railway undertaking is able to declare a sufficient number of years’ experience
in operating passenger rail transport services, while providing a service in the amount
of 100,000 train km per year. The announcer, in compliance with the basic bank
guarantee amount, required the railway undertakings 4 years’ experience with a
minimum value of the service 120,000 train km per year. The values used in the
calculation are:

• BGb = e 150,000
• PEr = 4 years
• PEt = 8 years
• OPt = 120,000 train km
• OPs = 100,000 train km
• BGi = 150,000 * (4–4 + 1)*(120/100) = e 180,000

The railway undertaking had a sufficient number of years’ experience in oper-
ating passenger rail transport services but did not provide a service in sufficient
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annual operational performance. Therefore, its bank guarantee was increased from
e 150,000 to e 180,000.

With this proposed criterion, we would increase the possibilities of participation
in the public tender for all undertakings, that meet the conditions for operating rail
transport (have received a licence for operating passenger rail transport services).

Criterion 4: Language

When examining the Tender Notice in Slovakia, but also in various countries,
we found that language is also a significant limiting factor, especially for foreign
railway companies. Our proposal is to introduce compulsory acceptance of at least 2
languages within the course of the public contract, namely the national language and
at least English. In the Slovak Republic, we recommend full acceptance of Czech
language due to its similarities with Slovak language. Selected languages will be
listed in tender documents.

For the ministry, we propose to issue tender documents in both / more languages,
and also acceptance of applications to the public tender and submitted tender offers
in these languages. Publishable documents in the national language and translated
into English should be made available on the Internet, at least in the European Union
Official Journal.

The aim of this proposed criterion is making the conditions transparent to all
potential tenderers on the declared route, a possible increase in interest in service
provisions by foreign railway undertakings, more efficient selection and, ultimately,
more efficient provision of the PSO services.

Criterion 5: Requirements for the use of vehicles

We propose that the railway undertaking should be able to use the rolling stock
necessary for the services resulting from the specific contract for other purposes,
other than those purposes arising from this contract.

The benefit of this measure is the efficient use of the carrier’s vehicle fleet and
therefore, a reduction in the carrier’s operating costs associatedwith parking vehicles,
empty runs and other factors. It would also reduce the capital intensity of procuring
a fleet for a specific route.

Criterion 6: Timetables

In public tenders, we propose to set the train connection frequency at peak times and
saddles on a given line / route, instead of timetables. Binding timetables would only
be created after the tender’s successful completion,whichwould take into account the
tenderer’s offered vehicles. The railway undertaking would consult these timetables
with the infrastructure manager and as well as with the contracting authority.

The timetables proposed by the tenderer would be proposed according to its
available vehicles, and therefore, there would be no restriction on the choice of
vehicle fleet for the tender on the basis of strict adherence to travel times, which
have only been calculated for specific vehicle parameters based on the announcer’s
assumption.
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Criterion 7: Capacity of vehicles

We propose that when determining the capacity of rail vehicles, the public tender
announcer also takes standing passengers in regional or suburban trains into account.
Taking into account the total capacity of railway vehicles, they will be used more
efficiently, and therefore reducing the capital costs of the railway undertaking.

Criterion 8: Electronic cash register

We propose that the requirements for the electronic cash register are not too detailed,
and that the announcer will state only functions, which the device is intended to
ensure, and the necessary compatibility with public authorities.

Criterion 9: Information in the Preliminary Notice of PSO contract

The information on the future tender in the Preliminary Notice should be more
detailed, similar to the information provided in the Tender Notice. The informa-
tion could be extended to requirements for public tender participation. Preliminary
notices are often published well in advance before the tender, therefore more detailed
information in them would help railway undertakings to prepare to participate in the
tender.

6 Conclusions

Transport infrastructure, public passenger transport and other transport services are
an integral part of the people’s daily life. At the same time, they condition the
achievement of economic growth, increasing society’s competitiveness and pros-
perity. They contribute to increasing employment opportunities and are a key factor
in the inflow of foreign investment, development of tourism, and help to reduce
disparities between regions. For the transport sector, the European Commission has
set a condition in the form of providing comprehensive plans for transport infrastruc-
ture development, including plans for the sustainable development of urban, suburban
and regional transport. These plans should be based on a thorough analysis of the
needs in the sector and the subsequent identification of key bottlenecks (e.g. missing
sections, unsatisfactory infrastructure parameters, etc.) and potential development
factors, whereby implementation will make a significant contribution to improving
the existing situation, whether from a transport, economic or environmental view-
point, or their combination (Strategic plan for transport development in the Slovak
Republic until 2030 2016).

Transport infrastructure, quality and accessibility of public passenger transport,
have a significant impact on the people’s transport behaviour. Shortening travel times
increases the number of journeys made, e.g. while commuting to work. Quality
public passenger transport leads to an increase in its use and a reduction in indi-
vidual passenger transport. As a result, the Slovak Republic’s modernised transport
system will lead to overall economic growth, reduce economic disparities between
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regions, lead to the inflow of foreign investment, reduce unemployment, and tourism
development. Market openness and non-discriminatory conditions for all undertak-
ings interested in providing passenger rail transport services, can also help to ensure
quality public passenger rail transport.

Liberalisation measures on European railways can lead to significant changes,
that allow new railway undertakings to enter the market, not only through public
tender for the exclusive right to operate a certain route, but also in open access.
Such conditions must be created for the business of rail passenger transport, which
enable railway undertakings better access to the provision of passenger rail transport
services in the public interest. These conditions are of a special nature and need to
be met in order to be entitled to operate rail services.

The opening a domestic passenger rail services market has created a number of
challenges thatwill need to be solved such as quality of rail passenger transport, sector
efficiency, socio-economic efficiency, environmental aspects. It will be necessary to
examine the impact of the opening of the rail passenger market on socio-economic
efficiency using econometric models, the DEAmethod and other models and tools in
order to effectively PSO tendering and increasing competitiveness of rail passenger
transport in the transport market.
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Challenges of Dangerous Goods
Transport by Rail in Thailand
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Abstract For the transport of dangerous goods (DGs), trucks are more commonly
used in Thailand. However, transportation by truck is often prone to accidents and
even environmental damages. Rail freight transport is an environmentally friendly
mode of transport, which is considered safe and reliable, though it has shown the
lowest market share amongst all the freight transport modes in Thailand. This is
because of a lack of logistics facilities, infrastructure, locomotive units, supported
regulations and efficient operational practice. This situation led to the increase of
risks of possible damages on inland logistics in the country. This paper carries out a
study of the challenges of DGs transport by rail in Thailand. A comparison of legis-
lations for DGs transport by rail between Europe, Japan and Thailand is organised
to provide appropriate guidelines for the development of regulations applicable to
the situation in Thailand. Results of the study indicate that DGs transport by rail in
Thailand requires regulations, controlled operational procedures, and training provi-
sions covering direct and block train operations, reliable maintenance of trains and
shipping. With proper guidelines in place, the market share of DGs transport by rail
in the country would increase and thus promote the railway transport mode as the
backbone of an environmentally friendly transportation logistics component in the
overall development of Thailand.
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1 Introduction

Rail freight transport is a safe, reliable and environmentally friendly mode for trans-
porting commodities and different types of goods to considerable distances. Remote
railway routes coupledwith reliable timetables and schedules provide a certain degree
of safe transport of Dangerous Goods (DGs) like flammables, explosives, and toxic
materials. In 2017, the market share of the rail freight transport was 17.3% of the
total inland freight transport in the European Union (Eurostat 2017). That number is
relatively high compared to Thailand, which is eight times less.

Overall, the total domestic freight transport of goods in Thailand stood at 616
million tons in 2018. Of this, rail transport accounted for only 1.7% of the total
freight transport market in the country, followed by waterways at 19.7% and road at
78.6% (NESDB 2019) as shown in Fig. 1. According to (WHO 2017) Thailand is
ranked as the world’s second-highest rate of road fatalities per capita. This is because
of the intensive use of the roads and highways to transport people and goods.

The State Railway of Thailand (SRT) is the only rail operator in Thailand. It is a
government sector under the Ministry of Transport with over 100 years of history.
However, both passenger and freight transport by rail still have low utilisation rates
in Thailand.

Currently, the major commodities transported by rail in Thailand are the general
goods in containers, fuel (liquid petroleumgas and crude oil), petroleumproducts and
cement (see Table 1). Most containers are transported between the Laem Chabang
port and the Lat Krabang Inland Container Depot (ICD), the latter is located near
the Suvarnabhumi Airport. Fuel is transported to the inland area from the coastal
area by a special freight wagon. General goods transported in containers have the
largest share of total rail freight transport in Thailand accounting for 45%, followed
by cement products (19%), and petroleum products (18%). The 118 km route from
Ladkrabang Inland Container Depot (ICD) to Laem Cha Bang port is a major route
accounting for 72% of total rail freight transport. There are no goods in ISO container
tank transported by rail. Petroleum products contained in 26× 30,000-L tanks fixed
with bogies that are transported to/from the oil terminal to theNorth and theNortheast
regions are the only case of DGs transported by rail in Thailand. For over a 500 km
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Fig. 1 Transport of goods in Thailand (2015–2018). Source NESDB (2019)
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Table 1 Transport revenue by major commodities

Commodities
fiscal year 2018

Ton carried
Tons (‘000)

% Revenue
Baht (‘000)

% Average
Kms/Ton

Liquid petroleum gas 631 6.2 206,779 12.8 457

Crude oil 803 7.9 296,018 18.4 543

Petroleum products 549 5.4 181,079 11.2 491

Baggage cement 310 3.0 47,176 2.9 372

Bulk cement 1,510 14.8 189,042 11.7 267

Rice products 0 0.0 0 0.0 0

Gypsum 0 0.0 0 0.0 0

Container 0 0.0 0 0.0 0

East Line 3941 38.7 276,386 17.2 118

Land Bridge 360 3.5 52,193 3.2 245

Others 1,538 15.1 301,054 18.7 412

Military Effects 8 0.1 2,627 0.2 467

Miscellaneous 522 5.1 58,585 3.6 119

Total 10,172 100.0 1,610,939 100.0 272

Source SRT (2019)

distance, the transportation cost by rail is about 20% lower than by the transportation
cost trucks in the country.

In many countries, coal is the main commodity transported by rail. However,
because Thailand does not use a lot of coal, it is deemed uneconomic for it to be
transported by rail. Additionally, the box wagon transportation, which is used in
many countries around the world, was found inconvenient for Thailand compared to
the use of trucks and as a result its use was abolished in the country.

Transportation of Dangerous Goods (TDGs)

Handling of DGs, when done improperly could have devastating impacts on living
organisums, environment, social security, etc., therefore it requires strict rules and
requirements in place. As it can be seen in Fig. 2, the transport of DGs by road
(truck) in Thailand has the largest market share (of 90%), 43.8 million tons per year
(GTZ 2002). The transportation by truck has been dominant in Thailand for the last
50 years. The growth of the TDGs by truck has been supported by the construction of
extensive highways and road networks in the country, offering less investment cost
for the road transporters and door-to-door services to customers. By comparison, rail
freight transport has less developed infrastructure and support facilities. As a result,
truck transport has a more competitive edge than that of the rail transport in Thailand.

In the transportation of general goods, cost is regarded as important. There are
many shippers deciding on a transport mode only by a cost comparison. However,
it is not appropriate to decide on the DGs transport mode based on a cost compar-
ison alone. In transporting DGs, safety must be paramount. The damages are far
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Fig. 2 TDGs by mode in Thailand in thousand tons per year. Source GTZ (2002)

more serious than that of general goods especially when an accident occurs because
of a failure during the transportation of DGs. In accidents involving transport of
DGs, fire and toxic material leakage often occur, thus putting people’s lives at risks.
Therefore, safety should be given priority than cost when choosing the DGs trans-
port mode. Consideration of the risk control and the social responsibility of the
shipping company should also be given. As rail transport is considered safer than the
truck, therefore TDGs by rail should be chosen and promoted.

The Thailand government aims to increase transport modal shift from road to rail,
as it views the shift to rail as more energy efficient and environmentally friendly. A
mega project of 400,000 million baht to double rail lines and build a 3000 km track
extension has been carried out. As it can be seen in Fig. 3, it is envisaged for the
railway network to become the backbone transportation network of the country in the
next 20 years (OTP 2018). Due to doubling the railway lines, an increased share of
passenger rail transport is also targeted. The market share target of goods transport
by rail is projected to reach 10% of the total goods transport in next five years
in the country. To achieve these targets, there are three critical aspects that rail
freight in the country should strengthen; (i) Loading and unloading facilities, (ii)
Readiness and sufficient number of movable carriers e.g., locomotives, bogies and
wagon containers and (iii) Appropriate regulatory framework and operation practice
to support multimodal and intermodal freight transport.

A regulation of inland TDGs in Thailand under the Royal Thai Government
Gazette B.E. 2545 and DG Act B.E. 2535 is in place. The acts govern the TDGs
by truck and any other carriers but it excludes rail transport (Royal Thai Govern-
ment Gazette, 2545). TDGs by rail in Thailand therefore is still limited though it is
governed by the State Railway of Thailand Act B.E. 2494 and the Rail and Highway
Management Act B.E. 2464. The Asian Development Bank (ADB) also suggested
that the SRT or a Thai regulatory agency should first establish rail safety and envi-
ronmental compliance guidelines for the TDGs by rail (ADB 2013). The Railway
Department (DRT), a national body of rail regulation compliance and legislation, was
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Fig. 3 Double track railways project in Thailand. Source SRT (2019)

established in 2019 with a main mandate to formulate national rail safety standards
and regulations.

TDGs by rail is common in many developed countries. A good example of trans-
porting chemicals in ISO tanks is the continental container transport along the Rhine
River. There are several studies proposing improvement of safety in TDGs by rail.
Studies of risk assessment tools of TDGs by rail are used to evaluate factors of risk,
and prioritization of risk mitigation methodologies. Gheorghe et al. (2005) proposed
Master Logical Diagram and developed a software platform to determine a loss of
containment frequency. Macciotta et al. (2018) proposed a hazard-ranking tool for
DGs transport in the Canadian railway corridors. Khanmohamadi (2018) evaluated
route selection and less critical areas of Chlorine transport along railway route along
Texas-Illinois corridor in order to avoid terrorist attack occurrence. Huang et al.
(2020) and Huang (2019) analysed relationships between risk factors and accidents
for DGs transport by railway. A study of Nowacki et al. presented realization of risk
management system to improve safety of TDGs by any modes of transport in Poland
and the EU.

Meanwhile, in Thailand, a study of the challenges of TDGs by rail in the country
was carried out which proposed a regulatory framework followed by its proper imple-
mentation. Reviewing of related legislations of TDGs by rail in Thailand with other
jurisdictions at international level would provide appropriate guidelines and safety
control procedures suitable for the situation in Thailand. This would extend up to
date legislations in compliance with current transportation related laws.
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2 Regulations for TDGs Around the World

International regulations ofDGs are issued by theUnitedNations (UN). They include
the International Air Transport Association (IATA), Dangerous Goods Regulations,
the ICAO Technical Instructions, the International Carriage of Dangerous Goods by
Road, and the International Maritime Dangerous Goods (IMDG) Code. The IMDG
Code divides DGs in nine classes. Further information can be found in the Orange
Book of the United Nations (Table 2).

2.1 Regulations for TDGs by Rail in Europe

The TDGs by rail in Europe is governed by the Appendix C of the Convention
Concerning International Carriage by Rail (COTIF). Appendix C covers the uniform
regulations concerning the International Carriage of DGs by Rail (RID) established
since 1999, with forty-seven states having been contracted with it. RID launches its
revision every two years. It has seven parts as shown in Fig. 4. RID classifies DGs
under IMDG code.

2.2 Regulations for TDGs by Rail in Japan

TDGs by rail in Japan is governed by national laws, technical and working standards.
DGs control is governed by four national Acts; (i) the Explosive Control Act, (ii)
the High-Pressure Gas Safety Act, (iii) the Fire Service Act, and (iv) Poisonous and
Deleterious Substances Control Act. Applying a similar concept with IMDG code,
the Fire Service Act classifies DGs into six classes as shown in Table 3.

Table 2 Classification of DGs by IMDG code

Class 1 Explosives

Class 2 Gases

Class 3 Flammable liquids

Class 4 Solid flammables, spontaneous combustion, substances and dangerous when wet

Class 5 Oxidising substances and organic peroxides

Class 6 Toxic substances

Class 7 Radioactive materials

Class 8 Corrosive substances

Class 9 Miscellaneous dangerous substances and articles

Source IMDG Code
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Fig. 4 Convention concerning international carriage by rail. SourceCOTIF (2020) and Galieriková
et al. (2018)

Table 3 Classification of DGs by the fire service act

Class 1 Oxidising solids Class 4 Inflammable liquids

Class 2 Combustible Solids Class 5 Self-reactive substances

Class 3 Spontaneous combustible/ water-reactive
substances

Class 6 Oxidising liquids

However, the Japanese Acts related to DGs including the Fire Service Act do
not apply for DGs carried by rail. The TDGs by rail is governed by the Railway
Operation Act, a Ministerial ordinance for technical standard of railway. Regulation
for railway transportation established by the Ministry of Land, Infrastructure and
Transport (MLIT) and Conditions of Carriages established by the Japan Freight
Railway Company (JRF) (Fig. 5). Laws (i)–(iv) are applied only when a container
loaded with DGs is located in a railway container yard.

(a) Structure of Rules (b) Railway transport legal system 

Fig. 5 Railway transport legal system in Japan. Source JRF (2019)
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Fig. 6 Railway transport legal system in Thailand. Source DRT (2020)

2.3 Regulations for TDGs in Thailand

Legal framework for DGs logistics in Thailand is governed by Ministerial Acts and
regulations by the government institutions e.g., Ministry of Interior, Ministry of
Energy, Ministry of Transport and Ministry of Industry. These have played major
role to control DGs and petroleum handling safety. TDGs in Thailand governed by
the Thai Provisions Volume 1 (TP-1) referred to UN RTDG 11th Edition (2000) is in
line with the UN Recommendations and IMDG Code. Similar to the Japanese case,
Acts related to DGs do not apply for DGs carried by rail. The TDGs by rail falls
under the Royal Thai Government Gazette B.E. 2545 and DGs Act B.E. 2535.

Excluding chemicals and other DGs substances, crude oil, gas oil, gasoline and
LPG are the only commodities that SRT allows to be carried and transported by rail.
Regulations for the transport of petroleum is governed by SRT rules and regulations
as well as by the Regulations of the Ministry of Energy as shown in Fig. 6, while
DGs are not allowed to be carried by rail. Under Ministerial Regulations B.E. 2558:
petroleum is to be transported by tank, filled petroleum products in fixed oil tank
welded, connected with bogies are delivered to petroleum depot at product unloading
station. In addition, there is no any operating practice yet on product handling in a
form of ISO container tank by rail in Thailand.

3 Proposals for TDGs by Rail in Thailand

There is an opportunity for TDGs by rail in Thailand because DGs and chemical
substances. These products are contained in various forms: (i) Fixed tank, (ii) general
container, and (iii) ISO container tank. A modern way of rail freight transport by a
new form of container tank should be considered in order to promote modal shift
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Fig. 7 Rail freight operation practice in Thailand in comparison to international practice

from road to rail in the country. However, formulation of new legislations, support
facilities and best operation practices for TDGs by rail are needed (Fig. 7).

A comparison of the legislations of TDGs by rail amongst EU, Japan and Thailand
cases includes three different aspects, namely; (i) General provision, (ii) Transport
operation, and (3) Training needs. Similar to the case of Japan, the legislation and
control of DGs transport by rail in Thailand deal with various government authorities.
For example, the Railway Police Division is responsible for emergency response. In
addition, research centres of railways operation in Japan and Europe contribute rail
freight innovation and technology to provide risk protection and to help mitigate
accidents (as shown in Table 4) while Thailand has not yet assigned any particular
government agency for this part.

For Thailand, the responsibilities between the railway operator and the infrastruc-
ture manager should be clearly defined. Just like the JRF of Japan and railway trans-
porters in Europe, railway transporters of DGs in Thailand should prepare vehicles
well while the shipper should prepare loading tanks, marks and documents according
to DGs control regulations. The infrastructure manager should be mandated to
prepare emergency plan and access information e.g., UN number and position of
DGs wagon during carriage. Table 5 lists down more details for the proposed rail
transportation regulations for DGs in Thailand.

Table 6, enumerates proposals for Thailand to conduct periodical technical assess-
ment of TDGs by a third party, which is needed to ensure that updated knowledge
and techniques of works are performed by the providers of TDGs. Technical standard
and guideline by individual DGs categories are set and for the staff to refresh their
skills. In addition, an appointed safety advisor is set to be responsible for consigning
carriage and packing of DGs just like in the case of EU.
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Table 4 General provisions

General RID Japan Thailand

Control authorities
– Explosive substance
– Petroleum
– Hazardous, toxic,
DGs substances

– DG Transport
– Environment
– Regulator

RID is applicable for
EU countries

Cabinet Office
MLIT
METI
MHLW
MIC
MHLW

Authorities
MoD
MoE
MoI
MoT
MoEnv
DRT

Emergency organization
to respond

Control Office of
Network Rail (UK)

Fire services department
police department

Railway police
division

Emergency research
organization

Rail Accident
Investigation Branch
(UK)

Railway Department,
Japan Transport Safety
Board of MLIT

Nil

Emergency disclosure
of information

Viewable in RAIBs
website (UK)

Japan transport safety
board of MLIT

Nil

Remark METI—Ministry of Economy, Trade and Industry, MHLW—Ministry of Health, Labour
and Welfare, MIC—Ministry of Internal Affairs and Communications of Japan
MoD—Ministry of Defense, MoE—Ministry of Energy, MoI—Ministry of Industry, MoT—
Ministry of Transport, MoEnv—Ministry of Environment, DLT—Department of Railway of
Thailand

4 Actions and Incentives

The future of TDGs by rail in Thailand depends on foundations of formulation of
legislation, transportation guideline, operation practice, training needs and support
facilities as shown in Table 7. SRT, as a sole railway operator in Thailand, must
engage government authorities (e.g., DRT, MoT, MoI, MoE), products owners and
shippers to formulate new regulations, ensure proper conditions of DGs carriages,
and safety standard of rail freight. The SRT staff, DGs transport operators or shippers
and products handlers must have well technical knowledge and skills to properly and
safely transport DGs. Given that there are a number of government authorities that
has to be involved, each with its own set of challenges, the formulation of this new
foundation and crafting specific DGs-related transportation legislations could take a
few years.

Lastly, a real case scenario was evaluated in order to identify problems and obsta-
cles on how to transport of LNG in a new form of LNG in an ISO container tank.
The SRT has been transporting crude oil and petroleum products (LPG) in a form of
fixed tank welded with bogies. A new form of LNG carrier is now under discussion
with SRT and related parties. Currently, there are no any regulations for railway
transportation and rail freight conditions of DGs carriages. In collaboration amongst
SRT, JR Freight and PTT hosted by DRT; a draft procedure of rail freight conditions
of LNG carriages was produced along with a draft of ministerial regulations for
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Table 5 Transportation

RID Japan Proposed for Thailand case

Responsibility of the carrier

(1) Carriers
i. Rail transporter: railway
transport

ii. Shipper: load/ unload
facilities, container, placards,
marks, documents

(1) Carriers
i. JRF:rolling stocks,
load/unload from wagon

ii. Shipper: load/unload
facilities, tanks, placards,
marks, documents

(1) Carriers
i. SRT:rolling stocks,
locomotive sets

ii. Shipper: load/unload
facilities from truck/ wagon,
tanks, placards, marks,
documents

(2) Check point
i. the DGs to be carried are
authorized for carriage
under RID.

ii. all information to provide
by the consignor before
carriage
iii. visually the wagons and
loads have no obvious defects,
leakages, or cracks, mission
equipment
iv. Deadline for next wagons
test shall not expired
. Wagon are not overloaded
v. Placards, marks and orange

plates shall be affixed.
vi. Provision of information

(2) Check point
i. Cargo or container size,
dimension/ weight

ii. Loading and position of
wagon
iii. Container height and
transport route
iv. Loading//unloading station
for large scale container

(2) Check point
Operation concern:
i. Cargo or container size,
dimension/ weight.

ii. Loading and position of
wagon
iii. Container height and
transport route
Safety concern:
i. the DGs to be carried are
authorized for carriage

ii. all information to provide
by the consignor before
carriage
iii. Wagons and loads are
ready to use
iv. Placards, marks and orange
plates shall be affixed
v.To prepare emergency
communications plan for
incident/accident area

(3) The carrier shall ensure
that the manager of the
railway infrastructure
being used is able to
obtain at any time during
carriage rapid and
unrestricted access to the
information

(3) Special provision: DG
Acts including Fire
Service Act shall not be
applied for Railway
transport. The carriage of
DGs is governed by;

– Railway Operation Act
– Ministerial ordinance for
technical standard of
Railway

– Regulation for railway
transportation

– JR Freight Conditions of
Carriages

The carriage of DGs is
governed by
– State Railway of Thailand
Act B.E. 2494

– Rail and Highway
Management Act B.E. 2464

– Royal Thai Government
Gazette B.E. 2545–DGs Act
B.E. 2535

– Ministerial Regulations
B.E. 2558: Petroleum
transport by tank

– Modifications of SRTs
declarations and rail freight
book for DGs

Responsibility of the Infrastructure manager

(continued)
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Table 5 (continued)

RID Japan Proposed for Thailand case

Responsibility of the carrier

i. To prepare internal
emergency plans for
marshalling yards.

ii. To prepare rapid and
unrestricted access of
information (UN number,
position of each wagon on the
train during carriage)

i. To prepare rapid and
unrestricted access of
information by IT system
(Coping procedure at the
accident occurrence, UN
number, position of each
wagon on the train during
carriage)

i. To prepare emergency plan
container yard.

ii. To prepare rapid and
unrestricted access of
information (Coping
procedure at the accident
occurrence, UN number,
position of each wagon on the
train during carriage)

Source RID (2017) and JR Freight (2019)

transport of natural gas container tank. This is in line with the agenda for Thailand
to serve as the LNG hub of the ASEAN Economic Community (AEC).

5 Summary

This paper carried out a study of the TDGs by rail in Thailand. Proposals for regu-
latory framework, safety and operation standards are presented using Japanese and
European practices. It is found that SRT as a sole rail freight carrier in Thailand needs
to engage with key stakeholders to established regulations and create conditions for
the TDGs in the country if it is to create opportunities for the ‘TDGs by rail’ business
in the near future.
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Table 6 Training requirements for carriage of DGs

RID Japan Proposed for Thailand case

Groups of personnel for the
individual categories
• Operations personnel
involved directly in the
transport of DGs (drivers,
marshalling staff)

• Personnel responsible for
technical control of wagons
used for the transport of DGs
(rolling stock technician).

• Personnel responsible for
guiding and controlling rail
and marshalling services and
management personnel of
the railway infrastructure
(manager controllers,
signalers, control center
personnel)

Ordinance for technical
standard of Railway
• Railway business operator
shall set training on
technical and knowledge for
train operation and rolling
stocks and facilities
maintenance employees.

• Railway business operator
shall NOT directly engage
with employees on the train
operation work, unless to
confirm their knowledge and
techniques required for that
work or to confirm their lack
of knowledge and
techniques required for that
work

Ordinance for technical
standard of Railway
• SRT/Carriers/Shippers shall
review emergency plan for
petroleum transport by rail.

• SRT/Carriers/Shippers shall
set training on technical and
knowledge for train
operation and rolling stocks
and facilities maintenance
employees

Safety advisor Japan Proposed for Thailand case

• Activities of which include
consigning or carriage of
DGs by rail, or related
packing, loading, filing or
unloading shall appoint one
or more safety advisers for
the carriage of DGs
responsible for helping to
prevent risks

• The adviser shall hold a
vocational training
certificate, valid for transport
by rail. That certificate shall
be issued by the competent
authority or the body
designed for that purpose by
each RID contract state

It is not ordained by a law, but
it is customary that JRF
receives advice from the
person in charge of the fire
department when JRF makes a
training program about the
transport of DGs

• Activities of which include
consigning or carriage of
DGs by rail shall appoint
one person to be a key
person in charge of the
carriage of DGs responsible

• The person shall have
sufficient training

Source RID (2017) and JR Freight (2019)
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Table 7 Proposed key responsibility and authorities for the carriage of DGs by rail in Thailand

Issues Proposed key responsibility and authorities

(1) Legislation of DGs transport by rail

1.1 General Provisions
(i) Regulation
(ii) Standard and provision
(iii) Emergency Research Organization

Regulation for railway transportation
Rail freight conditions of DGs carriages
Railway Department or Railway Safety Board

1.2 Transportation
(i) Responsibility of the Carriers
(iv) Products owners
(v) Shippers
(vi) Emergency plans and information
management

SRT: rail tracks, locomotives, rolling stocks, bogies
Product owner: load/unload facilities, container, tanks,
placards, marks,
Shippers:, container yard, tanks, placards, marks,
documents
Collaborations among SRT, product owner and shipper
to prepare appropriate emergency plans and access of
information/communication

1.3 Training needs
(i) Rail freight operator
(ii) Locomotive sets maintenance
(iii) Rail freight scheduler

SRT: Training of DGs rail freight operation by SRT or
third party
SRT: Training of DGs railways and rolling stocks
maintenance by SRT
SRT and shippers: DGs operation manual and service
guideline

(2) Support facilities
2.1 Container yard
2.2 Lift-on and lift off equipment

LSPs: Training of DGs products storage and safety
control
LSPs: Training of DGs products handling and safety
control
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The Hyperloop Concept Development,
Possible Applications and Critical
Analysis

Frank Michelberger, Matthias Plavec, Kevin Pyrek, and Philipp Graf

Abstract The Hyperloop was first introduced in 2013 and is a proposed mode
of passenger and/or freight transportation. The system consists of a sealed tube
through which a pod may travel nearly free of air resistance. Although there are
no doubts concerning the technological feasibility, there is criticism regarding the
concrete implementation of the Hyperloop. Critics especially question the small
system capacity and estimate that the actual costs would be substantially higher than
the initial cost assumptions. Numerous companies are currently working on imple-
menting the Hyperloop concept and different Hyperloop-routes are being discussed.
An implementation of the Hyperloop only makes sense as a pure ‘point to point’
connection. A possible first Hyperloop route would provide important insights into
the actual construction and operating costs. The paper subsequently focuses on the
Hyperloop concept and analyses possible applications of this new transport system.

1 Introduction

This paper is an analysis of the current state of the Hyperloop technology, containing
studies for eventual development projects, scheduled for either a medium or a long
term. This requires considerable research work, mainly basing on Internet sources.
All the information reflects the current technological status for 2019. Literature
sources for the Hyperloop are not particularly advanced yet because the subject
is still being further developed by numerous different research project teams and
companies currently working on this technology. Thus, the knowledge is not yet as
clearly defined as is in the case of the traditional railway system. Another source of
information is through the contact with various companies that are actively working
on a Hyperloop solution at the moment.
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The concept of Hyperloop was introduced in 2013 by Elon Musk who described
it as “Maglev train”. After that, some companies showed an interest in the project
and began development studies and works on this technology in collaboration with
research institutions and universities.

Various countries, cities and regions also demonstrated an interest in Hyper-
loop, promoting feasibility studies. Despite a certain amount of interest amongst
the public, the project was faced with critical opinions. This mainly relates to ques-
tions concerning the technological implementation and the lack of clear plans and
statements about the financing and efficiency of the Hyperloop projects.

The goal of the new means of transport remains unclear. Also, the place it will
take in the general transport system and in spatial planning, in comparison to other
means such as the train and the airplane, is yet to be determined. Moreover, technical
and financial aspects are still not fixed. The current objective is to define the technical
requirements of the Hyperloop and the positive effects on the population.

This paper proposes a solution for the development of the Hyperloop concept
and analyses the concepts of the companies active in this domain. The first step is
to define the requirements for reaching the goals of the project, and to carry out a
feasibility study. After defining the technical implementation, the next step is to plan
the operational process and try to define the economic viability of the whole project.

To define how the Hyperloop concept can be developed, we need to provide the
implementation of this new transport system. It is important to reach a definition
by answering the following questions: What are the advantages of this technology?
Which new opportunities does it offer? How does it impact the current transport
system? What are the possible applications, and where are the limits? Which prob-
lems could it cause? And last but not least, it must be analysed why this system
has not been an attractive alternative so far? A constant comparison to the current
traditional train system is at the heart of the analysis.

For this purpose, we focus on the general system properties of the Hyperloop with
a view to developing a high-speed line. A particular focus is put on the Californian
line between Los Angeles and San Francisco. In addition, a comparison between the
existing railway lines and the eventual Hyperloop connection is drawn for:

• Vienna—Bratislava
• Dubai—Abu Dhabi

2 Different Types of Railways

There are many different railway systems. The first distinguishing criteria include:
the design and the drive type. In his book, Filipovic (2015) defines the railway system
as “lane-bound traffic systems for the transport of people and goods, where the trains
are used as means of transport and are provided with their own drive”. According
to this definition, e.g. funiculars are not part of the umbrella term for cable cars.

However, the common technical term for a train also includes the term cable cars.
In this representation, the railway group of systems is divided into four subcategories:
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the conventional track railway, the Maglev, the cog railway, and the funicular, as
shown in Fig. 1.

In addition to the systems shown inFig. 1, there are also some special-type railways
(e.g., monorail, suspension track). Those systems will be briefly described in the
following sections of the paper.

As already mentioned, the Hyperloop is also a track-bound means of transport
and semantically probably belongs to the group of magnetic levitation trains. Before
the Hyperloop system can be discussed in more detail, it is necessary to take a look
at the ‘classic railroad’. Hence, the next step is an analysis of the magnetic levitation
train, as an indirect predecessor of the Hyperloop.

Legislative Context

In Austria, the Railway Act 1957 (BGBl. Nr. 1957) classifies railways as belonging
to the categories of “Public Railways” (main, secondary and trams) and “Non-Public
Railways” (connecting and material railways). Although a more precise definition
regarding the systemproperties is not included in the legal text, it is legally and clearly
defined that this law does not apply to any magnetic levitation, therefore it does not
include a Hyperloop system. Other railway systems, as the funiculars, are defined
in separate acts, such as the Seilbahngesetz 2003. The Austrian legislation does not
consider any forms of magnetic levitation trains, probably due to the fact that such
systems have so far not been relevant for Austria and there has therefore been no
reason to include them in the laws.

The situation is quite similar in Germany: according to the General Railway Act
Allgemeines Eisenbahngesetz (1993), the Maglev trains are not considered to be
railways. In contrast to Austria, however, Germany has several separate laws and
regulations for magnetic levitation trains. In most other EU member states, the laws
also take into account conventional rail only. The railway law of the European Union
also refers exclusively to the conventional rail and as such does not include any other
alternatives.

Fig. 1 Classification of the
railway systems, Source own
illustration
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Conventional Railway System

The essential feature of all railways is that the transmission of forces and the guiding
of the vehicle occur via wheels and rails made of steel. The low friction and rolling
resistance at the contact point influence the relationship between the energy require-
ment and performance of the train in a positive way, which makes this system
particularly suitable for the transport of large amount of goods at relatively high
speed.

With regard to the energy required for performance, there are other solutions
depending on the route and railways themselves. In principle, the main lines are
electrified, while diesel traction is used on branch lines. Trains with steam traction
are no longer relevant except for special tourist attractions. Alternative drives are
currently rarely used, although this could change in the future. For example, ‘Siemens
is researching a battery version of the Desiro ML series (Siemens (o. J.) 2019). The
Rhein-Main transport company recently ordered 27hydrogen-poweredmultiple units
from the French vehicle manufacturer Alstom’.

Another essential feature of the conventional railway is the extremely long braking
distance. The static friction value between the wheel and the rail is about eight times
lower in trains than in road vehicles. For this reason, “driving by sight” is more of an
exception for full railways. Instead, the driver has to react primarily to the signalling
along the route. This makes the conventional railway very complex, as security is
a considerable part of traffic management. This includes signals, switches and rail-
road level crossings, which require a considerable contribution in terms of staff and,
currently even more, in technology.

Train protection systems such as the European Train Control System (ETCS),
which are among the most important components in order to significantly increase
the safety of train operations, should be mentioned here as an example. In their most
modern versions, these train protection systems partially take over control of the train
and, initiate emergency braking if the permissible maximum speed is exceeded.

Organization of the European Railways

The railway companies are divided into infrastructure manager and transport compa-
nies (Pachl 2018). The former kind of company is responsible for the development
of new railway lines and the maintenance of the existing railways, for route plan-
ning, the creation of timetables, for operations management, monitoring of the secu-
rity systems, and also for transportation services. The latter kind provides transport
services on a rail infrastructure and can operate in both freight and passenger trans-
port. Such a company orders a timetable route from an infrastructure manager for
a fee. A combination of both is called integrated railway company. This solution is
generally applied to secondary railways. The goal of this organization is the liber-
alization of the railway market, by making the railway operators concurrent. Since
then, companies’ investments in innovations and technological advancements have
increased Schienen-Control GmbH (2018), EU (2001).

In the past, the railways were developed very differently in some European coun-
tries. The effects of this can still be observed, e.g., in technical differences between
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the EU member states. In order to improve the competitiveness of cross-border rail
transport in Europe, the EU is therefore striving to harmonize these differences (EU
2012). The differences mainly concern the following subareas (Filipović 2015):

• Gauge (broad in Spain, Portugal, Finland, standard in the rest of the EU);
• Clearance profile;
• Power system (standardization would be extremely costly);
• Catenary and pantograph;
• Track and train protection.

3 High-Speed Railway

A railway is considered a high-speed railway if the speed of the vehicle exceeds
200 km/h. Starting from this speed, other rules are applied to the operations.
According to the current state of the art, driving speeds of up to at least 350 km/h are
relatively easy to implement in normal operation. The current world speed record
for a HS train is currently 574.8 km/h and was achieved in 2007 by a special version
of the French TGV (UIC 2018) . The high-speed lines are mainly implemented for
long-distance passenger connection with a low number of stations. The biggest limi-
tation of this system is the technical parameters of adhesion loss, air resistance,
acceleration and breaking distance.

Compared to other means of transport, the railways are considered to be very
safe and environmentally friendly. In the past, both the aviation and automotive
sectors introduced many improvements and showed themselves to be relatively open
to innovation in their systems. This had a strong negative impact on the medium-
and long-haul rail market share. In the second half of the twentieth century, some
countries took measures to halt the decline of the railways and began to introduce
a new approach to long-distance rail. Instead of expanding existing routes, new,
dedicated high-speed routes have now been built in countries such as Japan, France
and Germany. In Europe, the EU is actively supporting the construction of a trans-
European rail network (Filipović 2015).

Odds…

Modern high-speed rail transport was introduced in principle as a supplement to
conventional rail transport in order to increase the capacity of this means of trans-
port. As a result, the high speeds have led to a significant reduction in travel times and
significantly increased the competitiveness of the trains compared to the aircrafts on
many routes. In principle, building a high-speed line only makes sense for connec-
tions for which there is high demand that is not adequately met by existing rail
connections.

The speeds of up to at least 350 km/h are relatively feasible in normal operation
from a technical perspective. The basic requirement for high travel speeds is the
intensive and extensive maintenance of the track systems and the catenary, as well
as the vehicle material itself. In the vehicles, the wheels and axles, the suspension
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and the pantographs are particularly affected by heavy wear. Thanks to very large
radii of curvature and a high level of accuracy in the track design, tracking is ensured
even at very high speeds. However, the limiting factor with regard to the maximum
travel speed according to the current state of the art is the catenary and the power
transmission to the vehicle through it. At very high speeds, the constant contact
between the pantograph and the overhead contact line can no longer be guaranteed,
which results in a loss of power.

… and Limits

The distance between cities or train stations is also a decisive factor. In principle,
high-speed rail transport should connect as many cities as possible and bring them
economic benefits so that they profit from better accessibility. However, more stops
along a high-speed line lead to a deterioration in the real advantages of an HSR,
namely lower average speed, longer travel times and lower capacities.

At present, speeds significantly higher than 350 km/h do not seem to be fore-
seeable for regular operation with conventional high-speed trains. The air resistance
that needs to be overcome increases exponentially with higher speed, which would
theoretically require very high drive power. In addition, such tensile forces can no
longer be transferred to the rail by adhesion. Apart from that, the energy consump-
tion would also be enormous and thus the ecological and economic advantages of
the HSR would be significantly lowered. The braking distance for full braking is
already over 4 km at 300 km/h, and also increases exponentially. In addition, accel-
eration times grow with higher speeds. The consequence of this is that such high
travel speeds would only result in significant travel times being shortened on routes
with large stations (Fiedler and Scherz 2012).

Alternatives

The authors consider that the current inefficiencies in rail transportmight offer oppor-
tunities for other rail-based developments. In order to assert itself against conven-
tional rail traffic, magnetic levitation trains or the Hyperloop would have to be the
“better” or more efficient solution, at least with regard to some factors. Whether
these systems actually have more advantages than disadvantages compared to the
conventional ‘traditional’ rail systems is discussed in the following sections.

4 Other Railway Systems with Mechanical Tracking

There are also other systems classified as trains. The difference between these and
the traditional system is that the contact between the vehicle and the track is not
provided by a steel wheel. Various technologies such as tire trains, monorails or
suspended funiculars can be considered as an alternative to the traditional railway
system. In most cases, the system is fully independent of the rest of the traffic sector.

The first example is the tire train, where the steel wheels are replaced by rubber
tires. This system is applied, for instance, in the subway in Paris. The wheels do not
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roll on steel rails but on wooden and concrete beams. In principle, such trains are
only used in local transport and their operational processes are extremely similar to
those of the railways Zeit Online (2006).

Another special case is the monorail. Its main characteristic is the individual
driveway, which is mostly elevated. This design allows easy separation from the rest
of the traffic. They are particularly suitable for point-to-point connections. As a rule,
operation is largely automated. Various solutions are used with regard to the specific
design of the drive, lane guidance or guideway constructions. The most common
application for such a train is at airports, as a connecting train between the different
terminals (Fiedler and Scherz 2012).

The last type of railway is the suspended funicular. The most famous example
is the Wuppertal suspension railway, which is the only funicular in Europe that
fulfils an essential function in local public transport. Although if this system could,
in principle, also work over longer distances, the construction of new monorails
is extremely unlikely, above all due to the lack of competitiveness compared to
conventional railways (Fiedler and Scherz 2012).

With the exception of special applications in local transport, such as for shuttle
connections at the airport, these railways hardly seem to be competitive with rail
transport. Conventional railways have several advantages over these rail systems.
Examples include the existing rail network, the greater flexibility of the system,
significantly higher driving speeds, cheaper maintenance and, above all, the lower
overall costs.

5 Magnetic Levitation Trains

The magnetic levitation train is a special type of train with no contact between
the track and the vehicle. It is planned for high-speed long-distance traffic, as an
alternative to air traffic. According to proponents of the technology, it would make
the overall transport system more effective and reduce the negative environmental
impacts. The Shanghai example argues that they can also be effectively used in local
and regional transport services. TheMaglev is carried and guided bymagnetic fields.

Two different kinds of magnets are used (Filipović 2015):

• Supportmagnets: they are the equivalent of awheel tread in a standard rail-wheel
system;

• Guide magnets: they guide the train on the track by exerting horizontal forces,
just like the wheel flange on a traditional railroad. They also take on the role of a
brake.

The trains can be established (suspended) by three different systems:

• Permanent magnets: there are mutually repelling permanent magnets on the
vehicle and the road. Theoretically, these magnets have the great advantage that
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the attractive or repulsive effect can be used without additional energy expen-
diture. However, due to physical instabilities, such a solution generally requires
additional stabilization, which can consist of lateral guide rollers or electromag-
nets. Compared to the other two types of magnetic levitation (discussed later on),
systems that operate by means of permanent magnetic levitation are unsuitable
for high speeds.

• Electromagnetic levitation: the “attractive force between a regulated DCmagnet
and an armature rail” is used to create the levitation state. A system that works by
means of electrodynamic levitation, on the other hand, uses the repulsivemagnetic
forces between a “moving magnetic field and a conductor".

• Electrodynamic hovering: the hovering state is possible in any operating state,
with the vehicle hovering approximately 15 cm above the road. It makes no differ-
ence whether the vehicle stops at the platform or is moving at whichever speed
range. As a rule, the vehicles in the station are lowered onto the driveway. Vehicles
that hover using the electrodynamic system, on the other hand, have a wheel drive
and only start to hover at speeds of around 100 km/h. Another difference between
the two systems is the distance between the support magnets on the vehicle and
the road. While this is only 10 mm for the EMS, it is 10 cm in case of the EDS
(Fiedler and Scherz 2012).

The consequence of contactless driving technology is that only contact-free elec-
tric linearmotors are suitable for the drive in all three system types. Since it is difficult
to supply power to the vehicle with larger outputs, the long-stator motor is particu-
larly advantageous because it does not require any power supply to the vehicle. This
type of motor also has the great advantage that it is independent of static friction,
which makes it easy for vehicles to overcome large inclinations. This drive can be
compared to an electric rack due to its mode of operation (Matthews 2007).

The Infrastructure for Maglev

The basic infrastructure for all Maglevs is a track made of concrete, reinforced
concrete or steel, erected on supports with an average distance of 30m. The elevation
is favoured by the relatively low static and dynamic loads. The junctions are usually
designed as electromechanical bending points and can be passed over with a speed
of 200 km/h. In contrast to conventional rail traffic, the switches can also be designed
relatively easily as three-way switches. However, due to the significantly higher total
weight of the switch elements, the energy required for an adjustment process is much
higher than that of a classic rail switch (Matthews 2007).

The shape of the vehicles and the roadway prevents the vehicles from derailing.
A major risk to the operation is power failures, as this would lead to an immediate
breakdown of the magnetic fields of the carrying and guiding systems. This would be
particularly critical with electromagnetic levitation systems, since they do not have
any additional wheel drives. In order tominimize this risk, the systems generally have
additional batteries that are charged while driving and would take over the energy
supply of the magnetic fields for a short period in the event of a power failure.
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Transrapid in Germany

The Transrapid magnetic levitation train was developed in Germany in 1979 and is
designed for speeds of up to 500 km/h. A test track was built in Emsland in 1984
with the purpose of developing various system components for carrying, guiding and
accelerating, or braking, until they were ready for series production.

In addition, the route has become a tourist attraction and it was also possible to
take part in the regular test drives. In September 2006, however, a serious accident
occurred during such a test drive, resulting in a head-on collision with a workshop
trolley forgotten on the route. 23 people lost their lives. Following an extensive
investigation, the test operation on the route was resumed in July 2008, although no
more visitor rides were allowed.

In the 1990s, someMaglev development projects were already in advanced stages.
The feasibility studies were completed, and significant sums ofmoneywere invested.
These were lines such as Köln-Düsseldorf or Berlin-Hamburg. However, incorrect
cost estimation, a lack of investment sources, and the German reunification put an
end to these projects (Zeit Online 2006, 2013; Süddeutsche Zeitung 2011; Spiegel
Online 2000).

Shanghai Maglev Train

The only commercial application of the Transrapid system at the moment is found
in the Chinese metropolis of Shanghai. Since the beginning of 2004, the Transrapid
has been operating on a 30 km route between Shanghai Pudong Airport and an
underground station in the city of Shanghai. The maximum speed in operation is
300 km/h. Only a couple of trains during rush hour still run at the originally planned
maximum speed of 430 km/h. One of the main reasons for the reduced speed may
be the higher energy consumption at higher speeds. Originally, today’s route was
only planned as a first section, with extensions to Beijing or other major Chinese
cities envisaged for later. However, these plans never came to fruition due to a lack
of political will and strong opposition from the population (Zeit Online) (NDR.de
2012, 2019; Focus Online 2008; Kolonko 2013).

JR Maglev

The Japanese JR Maglev is an electrodynamic levitation system. A great distin-
guishing feature of the system is the fact that the trough-shaped route embraces
the train, while in case of the Transrapid, for example, the train encloses the route.
According to the engineers, the advantage of this system is the improvement in earth-
quake safety and greater driving comfort. During the development stage of levitation
technology, the arrangement of the coils, like other system components, was changed
several times. The essential feature of the JR Maglev is the equipment of the vehi-
cles with superconducting magnetic coils. Due to the electrodynamic system, the
vehicle’s hovering condition only begins at speeds of around 150 km/h. The vehicle
therefore runs on rubber wheels at lower speeds.

Under the name Shinkansen, a new route is currently being built between Tokyo
and Osaka, whose construction work started in 2014. The opening of this 285.6 km
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section is planned for 2027, and 2045 for the entire route. The total construction
costs for both sections are estimated at 70 billion euros and will be borne by JR
Central. The JR Maglev is currently the fastest train in the world and was able to
improve the world speed record to 603 km/h in 2013 as part of a test drive. The route
is designed for a maximum speed of 500 km/h (China.org.cn 2016; International
Railway Journal—IRJ 2014, 2016; The International Maglev Board 2019).

Advantages…

Compared to the conventional railroad, the advantages of themagnetic levitation train
are, above all, the smoother operation, higher driving speed (up to 500 km/h), faster
acceleration and largely wear-free technology. In addition, the driving noise at low
speeds is significantly lower, since a magnetic levitation train does not generate any
rolling noise. At higher speeds, however, this advantage no longer applies because
the airstream generates more noise than the rolling noise.

Considering the infrastructure, the biggest advantage of the Maglev is the low
space consumption, mostly due to the narrower curves. Because of the elevation of
the track, the area under the track can be used for other purposes. In addition, the
technology is independent of static friction, which is why significantly speeds can
be reached than in standard rail transport.

… and Disadvantages

However, due to the expansion of the railway high-speed lines and the lower ticket
prices for air traffic, theMaglevdoes not seemparticularly economicor cost-effective.
The costs increase significantly with the speed of the train. For the 37 km route
planned from Munich Airport to Munich city, costs of well over three billion euros
were estimated once the significantly too low initial cost estimates hadbeen corrected.
As a result, these also led to the failure of the project.

All expenditure and calculations with regard to magnetic levitation are not based
on empirical values, but only assumptions. In principle, the environmental balance of
magnetic levitation trains is controversial in research. On the one hand, an analysis
of the energy consumption for the line between Berlin and Hamburg has shown that
the energy requirements of the Transrapid are higher than the ICE 3 at speeds below
300 km/h. Only at speeds significantly above 300 km/h is the energy consumption at
MGS lower. On the other hand, other studies show that the energy demand increases
exponentially with growing speed because of the air resistance.

Since theHyperloop technology is very similar tomagnetic levitation, it is possible
to draw conclusions regarding probable challenges for this new means of transport
before the Hyperloop is dealt with in more detail. Similar to the Maglev, one of
the main questions will also be whether it is more economical than conventional
high-speed rail transport.
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6 The Hyperloop

Its Predecessors…

Long before the Hyperloop concept was first introduced, there were ideas and
research into similar systems. One of the first mentions of a train system in a
vacuum tunnel originated in the early twentieth century from American student
Robert Goddard and was further developed by Robert M. Salter in the 1970s (Miller
2014). The system was designed with steel wheels, and the train was not intended
to hover. A tube system was planned in which vacuum-like conditions were to be
created, and individual trains or cabins were to be transported. The acceleration of
the trains was supposed work via electromagnetic coils, similar to today’s magnetic
levitation systems. The “Planetran” finally failed due to the enormously high cost
estimates. At that time, the network proposed by Salter was assumed to cost 750
billion dollars. (Salter 1972, 1978; Businesstech 2017)

The physicist Gerard K. O’Neill designed a Vactrain system, where the vehicles
would float electromagnetically and reach a speed of 4000 km/h with an acceleration
of 0.5 g. Vacuum-like conditions were also supposed be created in the tube. The drive
was to be provided bymeans of electromagnetic forces in this concept. (O’Neill 1991)

Some other concepts, such as Swissmetro (Gast 2016; Krummenacher 2016)—a
magnetic levitation train in a tube with reduced air pressure—were also introduced at
the beginning of the twenty-first century but failed due to a lack of funding and doubts
about profitability. In his book (2014), Janic (2014) concludes that one of the main
advantages of the Evacuated Tube Transport (ETT) systems is, above all, the better
environmental balance. However, the question of the actual economic feasibility
and usefulness of the system is described as a major uncertainty. There may also be
technical barriers and obstacles that are not yet known, especially because of the very
long development time of such systems (estimated for at least 20 years). This also
applies to the possibility that other, more suitable and efficient, means of transport
could possibly be developed during the period up to commissioning.

The Concept

The entrepreneur Elon Musk, CEO of Tesla and SpaceX, presented the Hyperloop
concept in August 2013 in aWhite Paper titled “HyperloopAlpha". He developed the
concept as an alternative to the planned California High-Speed Rail project between
Los Angeles and San Francisco, which was expensive, inefficient and slow. He also
decided to develop a prototype in order to prove the basic feasibility. It is an open
source concept, which means that everyone is invited to contribute to the design
process. Since then, numerous universities and research institutions have shown an
interest, and a number of companies have been founded thatwant to put theHyperloop
into practice.

To make sense, the new means of transport should be an environmentally friendly
alternative to airplanes and cars. The ideal application would be strongly frequented
connections between two cities that are amaximumof 1500kmapart.Musk considers
the aircraft, or long-term supersonic aircraft, to be more sensible and cost-effective
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for longer distances. In the Whitebook 2013, the following requirements compared
to the existing transport systems are formulated (Musk et al. 2013):

• Safer
• Faster
• Lower costs
• Greater convenience and traveling comfort
• Complete independence from weather
• Sustainably self-powering
• Resistant to earthquakes
• No burden for the population living along the route

Technical Implementation

The principle of the Hyperloop is based on the creation of a vacuum or a vacuum-like
state in a tube. As a result, the air resistance could be kept low, which would allow
for very high speeds. However, small cracks or leaks along the tubes would stop the
entire system. This is why low air pressure instead of practically no air pressure or a
vacuum-like state is introduced. The air pressure in the tube is supposed to be 100 Pa.
This would reduce drag by about 1000 times compared to sea level conditions. At
the same time, the air pressure would still be sufficiently high for air pumps to keep
the air pressure at this level in the event of a leak.

However, this solution means that a certain amount of air always remains in the
tube. With a moving capsule in a narrow tube, the air can only flow between the
capsule and the inner walls of the tube. When the capsule reaches a sufficiently high
speed, the air currents around the capsule reach the speed of sound. As a result, there
is a certain “clogging” effect, which leads to a much higher air resistance. In theory,
this so-called Kantrowitz Limit could be solved by designing the tube diameter many
times larger than the capsule. However, this solution would be extremely expensive.
Instead, the Hyperloop provides a solution using electrical compressors to transport
the air behind the capsule. The compressors are also intended to generate air cushions
under the capsule on which the capsule slides. This would also keep the friction
extremely low. The original Hyperloop concept would therefore not be a magnetic
levitation train, since the levitation state is not achieved by magnets.

In keeping with the various magnetic levitation trains, linear motors are provided
for acceleration. These should enable high acceleration along the route (especially at
the stations), while the compressors should generate the necessary propulsion once
the cruising speed has been reached. In principle, a maximum speed of 1223 km/h
is provided for the Hyperloop. The implementation of supersonic speeds on longer
distances is not completely excluded, but aviation would be cheaper in this case.

One of the great advantages of the Hyperloop concept is the elevated construction.
The sections of the tube are pre-built in a factory and are only erected and connected
directly along the route. Due to the elevated construction, the space consumption of
the Hyperloop infrastructure is greatly reduced, and significantly less land has to be
bought. For the planned Los Angeles—San Francisco track, this need will also be
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reduced by the fact that the route will be built over large parts along the California
Motorway 5.

California is a region with a relatively high risk of earthquakes, which is why
special security measures are necessary for the transport systems. With the Hyper-
loop, higher earthquake security is achieved primarily by elevating the track. Since
the tube is not fixed directly on the surface of the earth but rests on the supports, the
load is better distributed in case of an earthquake and the impact is minimized as
much as possible. Damping elements are also provided in the supports. In addition,
the capsules are to be stopped by an emergency braking system in the event of an
earthquake.

The tubes themselves are made of steel. In order to keep the material expenditure
as low as possible, the inner diameter of the tube, depending on the capsule size, will
be only 2.23 or 3.30 m. The reinforced concrete pillars should support the pipes at
intervals of approximately 30m. The energy requirements of the completeHyperloop
systemwill be covered by solar panels, which are placed directly on the tube. Storage
of the generated solar energy in batteries is planned for operation in cloudy weather
and at night.

Operational Implementation
The Hyperloop is a transport system in which the capsules are transported in a

closed steel tube. The floating state is to be achieved using electromagnets. However,
there is currently no information regarding the exact implementation of a hyperloop
operation. This is probably due to the fact that the companies are still researching the
actual technology and that an extensive test phase will probably also be necessary
before actual operation. For this reason, no operating concept for a specific project
is presented, but instead the essential points are dealt with in general.

However, the White Paper describes a possible implementation of the Hyperloop
concept for the Los Angeles—San Francisco route. A journey time of approximately
half an hour is planned here. The capsules are supposed to depart at intervals of
up to 30 s and could transport 28 passengers each. According to these figures, the
Hyperloop would theoretically have a maximum capacity of 3,360 passengers per
hour. However, the study actually assumes an average interval of two minutes. The
concept envisages the use of up to 40 capsules, with five minutes of waiting in the
stations for boarding and alighting. The regular capacity should therefore be 840
passengers per hour, respectively 20,000 per day.

The passenger capsule would have a maximum height of only 1.10 m with a
width of 1.35 m. Due to the lack of space, it is intended that the passengers remain
sitting throughout the entire journey. Since the capsule only moves in a closed tube,
no windows are provided. Instead, exterior views of the passing landscape are to be
projected onto the interior walls of the cabin. In addition, each seat is to be equipped
with a screen. Similar to many long-haul aircrafts, this should enable the use of an
entertainment system.

Basically, two stations are planned on the Californian route: Los Angeles and San
Francisco. Further stations along the route would also be possible, with branches
from the tube, but would still have to be planned. To avoid possible pressure losses
or leaks, the stations will be separated from the main tubes by means of a kind
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of airlock. The design of the stations is to be kept as minimalistic and practical
as possible. The boarding process should be similar to that of an aircraft and also
provides for mandatory security checks for all passengers.

Operations
Due to comfort reasons, the acceleration is limited to a maximum of 0.5 g. All

capsules are equipped with emergency call devices for monitoring personnel as well
as first aid kits. Similar to aviation procedures, the capsule should continue to the
end station in case a passenger becomes ill during the journey. In the event of a
power failure, it is provided that all capsules also continue to the next station. This
is possible because the capsules are to be equipped with batteries and are therefore
independent of the energy supply after reaching cruising speed. As in the aircraft,
oxygenmasks are provided to deal with a sudden drop of pressure in the capsule. The
probability that a capsule will remain stationary in the tube is said to be extremely
low. Nevertheless, there are considerations for an emergency system that would take
the vehicle to the next station using an electric motor. Emergency exits along the
route are not provided.

The Hyperloop should be operated as autonomously as possible. The capsules
themselves will operate fully autonomously without a driver and will only be moni-
tored by a control center. Obviously, there is no need for signalling along the tube.
In normal operation, each capsule runs completely the same route, and intervention
by the monitoring personnel in the control center is not necessary. In an emergency
and in the event of other deviations, this staff should be able to control the capsule.
The tasks of this control center would be to communicate with the passengers in
the capsules, to monitor ongoing operations, to monitor the boarding and alighting
process in the stations and to support the personnel there, as well as to coordinate
the emergency services in the event of a possible accident. It is also important that
fixed operating procedures are planned for various emergency scenarios, which start
automatically (without intervention by the personnel). For example, in the case of a
defective capsule, all capsules traveling behind it must be braked immediately and
transported back to the starting station (Fig. 2).

Fig. 2 Capacity comparison
of several railway systems,
Source own work
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To determine the intervals between the different capsules, it is important to take
into account the time required for passengers to get on and off, as well as the safety
distance for emergency braking. According to Elon Musk’s Hyperloop White Paper,
departure intervals of up to 30 s should theoretically be possible. In normal operation,
however, it assumes an average interval of two minutes. A traditional high-speed
railroad can reach a maximum frequency of 5 min, mainly due to breaking distances.
By using a capsule with 28 or 40 seats (those two models are currently proposed),
the difference with regard to the possible (theoretical) total capacity compared to the
conventional train and theMaglev is enormous. This significantly lower performance
of theHyperloop is amajor disadvantage compared to othermeans of transport,which
will automatically have an impact on the profitability and the accessibility.

Route Planning and Stations
Although there is currently hardly any specific information available on the actual

routes or planned routes, certain infrastructural requirements and conditions are
known due to the system-inherent properties of the Hyperloop.

At the start of planning, it is important to decide whether the planned project is
a point-to-point connection between two cities or whether several stations should be
connected in a network. In the first variant, it makes sense to differentiate between
routes without intermediate stations and routes with such stations along the route.
In principle, it should be noted that with increasing complexity of the system, the
demands on the route, the safety and, for example, the operational monitoring also
increase.

A point-to-point Hyperloop route is theoretically very easy to implement. At both
ends of the route are the stations that are connected by theHyperloop tube. Practically
all Hyperloop systems provide for the erection of two tubes lying side by side or one
above the other. This means that each tube can be used in one direction. The stations
are usually separated from the tube by a kind of airlock. After reaching the station, the
passengers get off on a platform. Subsequently, the capsule is turned around and the
passengers who want to travel in the opposite direction get in. After completing the
entry process, the capsule departs from the station in the other tube. In the concept
studies for Hyperloop stations, there are always several platforms. This makes it
possible to switch passengers for several capsules at the same time.

So far, there is hardly any information in the concepts on how the capsules
should get to the platforms. To address this, there should probably be a solution
with switches. However, since the stations themselves are implemented “openly”
(not in the Hyperloop tube), this implementation should be relatively easy from a
technical perspective. It would also be conceivable that the capsules in the stations
use normal wheels instead of levitation, which would probably make the switches
cheaper. Wheels were already proposed in the original Hyperloop concept. At that
time, however, these were intended primarily as a fallback option in the event of
a suspension technology failure. In such a system, no switches are required in the
Hyperloop tube itself. This significantly simplifies operation, reduces the construc-
tion and operating costs of the system, and probably also increases the system’s
reliability.

Limits…
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However, as soon as branches are planned along the route, for example because a
city is to be connected to the system between the start and end point of the connec-
tion, switches are also required directly in the Hyperloop tunnel. This will partic-
ularly affect planned Hyperloop networks. Junctions are much more complex with
a magnetic levitation train than with conventional rail traffic. The basic problem
is that, unlike the railroad, the Hyperloop has no rails on which the capsules roll.
Although research on junction systemswithout anymoving elements is already being
conducted, it will be quite difficult to steer the capsules on branches (Bilton 2013).

Each intermediate station along a Hyperloop route would also lead to a consid-
erable increase in the total travel time between the two end stations due to the time-
consuming braking or acceleration process. In addition, the energy requirements
increase with each additional stop, since the acceleration and braking processes are
particularly energy-intensive.

Another problem with branched Hyperloop networks is ensuring the consistently
low air pressure in the entire system. If, for example, a Hyperloop network were to
be built in Europe, it would probably have a total length of at least several 1000 kms.
With multiple branches and junctions, the complexity of the system would increase
further. It would be worth considering whether there should be possible (emergency)
airlocks between individual tube sections. In this way, only a section of the overall
system would be affected in the event of a serious leak along the tube.

The size and diameter of the tubes must be logically adapted to the capsules.
Whether the tubes are built one above the other or next to each other seems secondary
and probably has an impact on the design of the stations. Putting the tubes side by
side would possibly make more sense here, as this would mean that the capsules
would not have to change levels at the end stations.

Theoretically, a narrower radius would be possible with a Hyperloop route than
with the railway. In addition, significantly higher gradients can be negotiated. Despite
the theoretical feasibility, however, it is doubtful whether excessively narrow radii
and strong inclinations make sense. In tight curves, the driving speed would have to
be reduced due to the otherwise excessive g load. Therefore, building many curves
with tight radiiwould lead to a significant increase in travel time and thus compromise
one of the main advantages of the Hyperloop system.

According to Doppelbauer (2018), the maximum speed of the Hyperloop would
require curve radiiwith a diameter of at least 100 km. In the case of smaller curves, the
maximum lateral acceleration permitted by the ICE or Transrapid of 0.1 g would be
exceeded. It is, therefore, extremely important that the route is as straight as possible
for the maximum speed sections of Hyperloop routes. Taking these restrictions into
account, the advantage of the supposedly possible narrower radii and steep gradients
appears to be significantly smaller.

Compared to conventional high-speed traffic, the space requirement for a Hyper-
loop route is fundamentally lower, since large parts of the space under the elevated
route can be used for other purposes. Formost of the concepts, a tunnel is provided for
connecting the city centers. A new Hyperloop route has the disadvantage compared
to the railway that the track has to be completely rebuilt. In conventional rail traffic,
at least in Europe, there is a train station in practically all major cities that is close
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to the center. The establishment of a Hyperloop station near the center would be a
long-term and, above all, expensive project in many cities. Alternatively, it would
also be possible to set up the Hyperloop stations on the outskirts of the city. In this
case, however, care should be taken to ensure a functioning connection to the rest
of the public transport system. In general, when implementing the Hyperloop, it
should be noted that this will only ever be part of a multimodal transport chain, since
passengers need other means of transport to travel to and from the stations.

Capsules and Driving Comfort
Although the Hyperloop technology is mainly developed for passenger transport,

freight transport for courier services or other small quantities can also be considered.
Overall, the Hyperloop does not appear to be competitive with trucks (for smaller
quantities) and the conventional railroad (for larger quantities). In passenger trans-
port, all companies are planning passenger capsules that can transport around 28−40
people, depending on the concept. The travel time for all proposed connections is
less than one hour. Compared to other means of transport, however, passengers have
to accept certain losses in comfort. The small diameters of the capsules, the lack of
toilet facilities or the obligation to remain seated with fastened seatbelts throughout
the entire journey are examples of restrictions of this means of transport.

Since the capsule moves in a closed tube, no windows are provided. Instead,
however, the companies are planning to provide special lighting for the inner walls
of the capsules, which could project landscape views, for example. In any case,
the possibility of a built-in screen would be conceivable for every seat where the
passenger would have access to the on-board entertainment system. Basically, the
Hyperloop operation is planned to be as autonomous as possible. Therefore, no
personnel are intended for the capsules. Nevertheless, communication with a control
center should be made possible for every passenger (e.g. via radio equipment).

Safety
There are still important open questions regarding the necessary safety measures

and the procedures in emergencies. As there is currently no existing Hyperloop
legislation, there are no specific requirements that explicitly relate to the Hyperloop.
However, this is likely to change in themedium term.ManyHyperloop companies are
already in contact with public institutions in this regard and are trying to influence the
legislative process. At least in the EU, it can be assumed that the safety requirements
for the Hyperloop tube will probably have some similarities to the regulations for
railway tunnels and road tunnels. In emergency cases, the vehicle should return to
the station independently.

The protection against danger to humans and terrorist attacks will be similar to the
measures at the airport, with controls and identity checks before boarding. Therefore,
the entire entry process needs to be reconsidered. In contrast tomost rail connections,
passengers have to arrive at the Hyperloop station well before departure in order to
have enough time for the security check. However, this once again increases the
total travel time, which is why the security check is a disadvantage compared to the
conventional train. As part of this inspection, the passenger’s ticket is also checked.

Maintenance
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If the tube is not in operation, the capsules should wait in the stations or in work-
shops, where inspection and maintenance work could be carried out. There must be
the option of taking capsules out of operation and transferring them to the workshop
or coach station/depot. The simplest implementation would be to branch off from the
actual Hyperloop route. For this, however, a separate lock for the workshop would
be required in addition to the airlocks. Therefore, it is alternatively conceivable to
branch off only after leaving the Hyperloop tube, directly linked to the stations. In
analogy to some subway end stations, for example, a branch would be conceivable
in the area of the turning systems, where the capsule is rotated.

Cost Estimate and Financing
The costs are listed in detail in theWhitePaper anddivided according to the various

system components. The expenditure for the route infrastructure, in particular the
tube and any tunnels, seems to be the largest part. The easymounting of the tubes, the
low space consumption, especially compared to rail traffic, can significantly reduce
the costs, especially by buying land and building space.

Overall, the White Paper assumes total costs of 6 billion dollars to implement
the Hyperloop with pure passenger capsules. This includes only the costs for the
construction of the track itself. The development costs are not considered. The variant
with the larger capsules, which could also transport vehicles, would increase the costs
to 7.5 billion dollars. Elon Musk announced ticket prices of only about 20 dollars,
which would cover a payback after 20 years.

Shortly after the first publication of the Hyperloop concept, it was already
discussed among economists thatMusk’s cost estimateswere too low.When planning
the high-speed rail line in California, costs were significantly higher because a large
number of cities and areas wanted bypasses and tunnels, or a connection to their city.
These requirements would probably also apply to a Hyperloop route, which is why
the cheapest route in terms of costs would hardly be feasible. In addition, the costs
of connecting the city centers, for which a tunnelling or bridging of San Francisco
Bay would be necessary in San Francisco, must also be taken into account. Instead
of the advertised costs of only 6 billion dollars, there are estimates by experts that
assume total costs of up to 100 billion dollars.

A large amount of costs have been discovered that were not originally included
in the plans of the Hyperloop. Above all, the very low assumed cost of buying space
is criticized. On the one hand, it is still unclear how the Hyperloop should be built
from the respective cities to the planned route along the Motorway 5. On the other
hand, implementation along this highway is not that easy. The area along this street
is owned by the regional authority responsible for road traffic which would have to
agree to the sale of the area. A construction directly next to the interstate would also
lead to considerable road traffic disruptions.

In addition, the cost calculation for the operation of theHyperloop is also question-
able.Musk’sWhite Paper states that the Hyperloop transports at least 840 passengers
an hour, each paying a ticket price of 20 dollars. However, Dan Sperling, Director
of the Institute of Transportation Studies at the University of California, believes it
is absolutely out of the question that such figures can be used to cover costs.
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The financing could be even more problematic than the viability of the project.
The question remains as to which institutions or companies would finance a Hyper-
loop project such as the proposed LosAngeles—San Francisco connection. The tech-
nology of theHyperloop, which has not yet been put into practice, represents a signif-
icant risk. Financing through public funds is also extremely unlikely, since invest-
ments in the “classic” infrastructure, such as road or rail, are already undertaken.
This accentuates the criticism in the reception of the Hyperloop concept.

Reception and Professional Criticism
The basic technological feasibility of the concept is generally not in doubt. Instead,

the criticism focuses primarily on questions pertaining to the concrete implemen-
tation of the project and the assumed costs (Bilton 2013). Since a concept such as
the Hyperloop has not yet been implemented, there are a large number of uncertain-
ties regarding the exact technological implementation. Experts describe the capsules
and their acceleration as technology that has never been used in practice before
and therefore represents a challenge. According to John Hansmann, director of the
MIT International Center for Air Transportation, the question of the system’s actual
energy requirements has not yet been resolved, either. The decision to only lower
the air pressure and forego an (almost) complete vacuum in the tube is seen as a
sensible idea and an effective measure to keep the energy requirements as low as
possible. Despite this measure, it is assumed that the energy requirements of the
system cannot, as Musk claims, be met by the solar panels on the tube (Bullis 2013;
Wolverton 2013).

As previously explained, there are already considerations regarding the earthquake
safety of the system in the original White Paper. However, the effectiveness of the
planned emergency braking system, which immediately triggers an emergency stop
when the first earthquake waves are detected, is doubtful. Even with immediate
emergency braking with very high g-forces, the Hyperloop capsule would need at
least 15 s for a full stop and would cover a distance of more than two kilometres.
This period of time could be too long in the case of a strong earthquake.

Markus Hecht, professor at the Technical University of Berlin, thought that imple-
mentation of the Hyperloop concept was generally unrealistic in 2013. Apart from
financing, he sees the biggest problems in rescuing passengers in the event of a
malfunction, and waste heat, which is difficult to solve in a tube with low air pres-
sure. The latter question has also been raised by other experts. Due to the compressor,
there would be a lot of heat in the capsule and in the tube. There is further criti-
cism regarding other details, such as the assumptions regarding the weight of the
passengers and the luggage, which are too low. Apart from that, regulatory questions
regarding the concept and the consideration of the various legal requirements for
security have not been considered (Becker 2013; Melendez 2013; Lavanchy 2013).

The statements concerning the actual travel time are also doubtful, as factors such
as the necessary security checks are not taken into account. It is also unclear where
the Hyperloop connection between Los Angeles and San Francisco would end and
therefore how long the actual travel time would be between the two city centers.
With a maximum of 3,360 passengers, the capacity of the Hyperloop concept is
also significantly less than the capacity of conventional high-speed rail traffic (up
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to 12,000 passengers per hour), or even less than the capacity of Motorway 5. The
acceleration would take more than 5 min and would therefore probably be rather
uncomfortable or physically demanding for many passengers (Blodget 2013).

Dutch expert Carlo van de Weijer from the Technical University of Eindhoven
also believes that flexible transport systems and models will become increasingly
important in the future. The success of companies such as the low-cost airlineEasyJet,
the long-distance bus company Flixbus or the travel provider Uber can always be
explained by the fact that theywere able to adapt flexibly to the existing infrastructure
and system properties. In contrast, the Hyperloop technology requires completely
new infrastructure. According to Van de Weijer, a Hyperloop connection may be
suitable for point-to-point connections but the lack of integration into the existing
traffic infrastructure is a major disadvantage of the system.

7 Other Possible Implementations of the Hyperloop

Vienna—Bratislava
In 2016, the Slovak government proposed building a Hyperloop system. In addi-

tion to domestic Slovakian connections, it was proposed to establish a connection
from Vienna to Bratislava and further on to Budapest. The travel time between the
capitals would be only 8 min for a distance of 55 km. To explore the potential of
the new transportation system, the government signed an agreement with Hyperloop
TT. The stated goal at the time was to make Slovakia an innovation hub for new
technology. A feasibility study was announced by the end of 2016, which was to
analyse the concrete implementation options in more detail. However, the partner-
ship betweenHyperloopTT and the Slovak government already expired eightmonths
after the signing without any results. Since then, there has been no information on
the resumption of work. Apparently there have been no considerations regarding the
construction costs, the exact route, the connection to existing traffic systems, the
financing or the exact technological implementation Futurezone (2016), (2018); The
Slovak Spectator (2018).

There are currently different transport options between Vienna and Bratislava. In
addition to individual transport, there are several long-distance bus connections and
two train connections per hour. The train connection between Vienna Central Station
and different train stations in Bratislava takes approximately 1 h. After the expansion
of one of the tracks, the driving speed should increase to 160 km/h and shorten the
travel time to around 40 min.

With regard to the possible travel time of only eight minutes, it must be borne in
mind that this is only the net travel time (not the total travel time) and the duration
of the boarding and alighting process is not taken into account. Experts emphasize
that the duration of this process in the Hyperloop should not be underestimated due
to the tightness of the capsule and will likely take several minutes. Assuming that
the Hyperloop reaches speeds of almost 1200 km/h, an actual travel time of at least
14 min can be assumed. Nevertheless, the short total travel time of the Hyperloop
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is the great advantage of the system compared to the existing traffic connections
between the two cities (Wien 2019; Doppelbauer 2018).

Compared to theHyperloop, conventional rail transport has several advantages for
this connection. An expansion of the routes, as planned for the Marchegger Ostbahn,
can be carried out relatively easily and comparably inexpensively. However, themain
argument in favour of rail transport is the integration into the existing rail network.
In contrast to the Hyperloop, an expansion of conventional rail traffic between cities
would not only benefit the point-to-point connection but would generally improve the
accessibility of cities from other cities in the rail network. It must also be considered
that a longer tunnel sectionwould be inevitable if the two city centerswere connected.
The expected resistance of the local population to the project, the very long planning
phase, and any organizational or financial difficulties in the cooperation between the
two countries should bring the speculation concerning the project to an end (Visit
Dubai 2019) ; Hyperloop 2018a).

Abu Dhabi—Dubai
Another possible application of the Hyperloop appears in the United Arab

Emirates. In 2018, Hyperloop TT announced the signing of an agreement to build
a commercially operated Hyperloop route. In the first step, the construction of a 10
km route on areas of the real estate company Al Dar is planned. Subsequently, the
Hyperloop route is to be expanded in sections and will connect Abu Dhabi with
Dubai for a total length of 150 km. A connection to the city of Al Ain is also being
considered. The company anticipates construction costs of 20 to 40 million dollars
per kilometre. According to this estimate, the total costs of the entire route between
the two cities could amount to 6 billion dollars. However, details of the exact route
planning and financing have not yet been released (Maceda 2019).

The project is intended to massively reduce travel times between cities, although
the exact future travel times and speed are not yet known. There are currently only
road connections between Abu Dhabi and Dubai. The travel time from city center
to city center is generally 1:20 h but is heavily dependent on the current traffic
situation. In addition to various public bus routes and motorized individual transport,
the connection is also used by various tourist shuttle services and for excursions.
Since there is no flight connection and no conventional rail link between the cities,
practically all traffic is handled via the road connections. However, the United Arab
Emirates are currently building an extensive rail network which should also connect
Abu Dhabi and Dubai by 2024. In addition to use by freight transport, services
in rail passenger transport are also provided. However, there will be no dedicated
high-speed track (Railway Gazette International (Hrsg.) 2018, 2019).

TheHyperloop project would therefore lead to significant time savings, especially
when compared to road traffic. The route is also well-suited for a point-to-point
connection, as there are hardly any larger cities between Abu Dhabi and Dubai,
whichmeans that no additional stations are necessary. The opening of the first section
was originally planned in time for the Expo 2020 in Dubai. Construction work was
specifically scheduled to start in the third quarter of 2019. It is currently unclear
whether this construction has already begun.
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The project seems realistic and has several advantages over other projects, such
as Vienna—Bratislava. Compared to projects in the EU or the USA, the regulatory
and legal hurdles appear to be much lower. The route could be built in a significantly
shorter period of time than would be possible in the western world. Furthermore,
there is no elevation, whichmakes tunnels unnecessary. A further advantage for route
planning is the fact that large sections of the area between the two cities are relatively
undeveloped and route planning is therefore hardly restricted. Unlike traditional
trains and Maglevs, the Hyperloop is completely independent of the weather. This
means that sandstorms would have no impact on traffic (Expo 2020).

The planned rail link between the cities is not necessarily an argument against the
project, as this will not be a high-speed track and the travel time for the Hyperloop
would still be significantly shorter. Since the route would be approximately three
times longer than the Vienna—Bratislava connection, the time gained compared to
the train is also significantly higher. The question of whether there is enough traffic
demand for a Hyperloop connection is difficult to answer at this stage. Due to the lack
of data or studies, it is not possible to make a well-founded statement on this topic.
According to the author, the Hyperloop connection would probably be of particular
interest to tourists and business travelers (Kolonko 2013).

8 Comparison with Other Systems

To allow for a better assessment of the Hyperloop system, it will be compared to the
other systems mentioned in this article.

This is done by comparing the systems using the route of Vienna to Bratislava,
which is one of the proposed Hyperloop routes.

The systems are compared based on their travel time, average speed, estimated
construction costs, ticket price, and passengers per vehicle. The detailed numbers
can be seen in Fig. 3.

In terms of travel time, the Hyperloop is the fastest because of its top speed of
1200 km/h, but it is only four minutes faster than aMaglev train and only ten minutes
faster than the high-speed railway. The construction costs of a Hyperloop system
are the second-highest in this comparison and are surpassed only by the Maglev.
However, it has to be said that the Maglev construction costs were calculated using
the estimated costs of the Chūō-Shinkansen line which will run in underground
tunnels on 86% of its length (Asahi and Shimbun 2013).

An above-ground Maglev system will therefore most likely be closer to the
construction costs of the Hyperloop. Both the high-speed rail und the normal railway
are much cheaper. ElonMusk claims that the ticket price of the Hyperloop will be 17
euros (Investopedia 2019), which puts it right in line with the other systems. Experts
claim that the actual ticket price will be much higher because of the large investment
costs and the very small vessel size compared to the other systems (Huffington and
Post 2013).
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Route Vienna - Bra�slava 

System 
Time 
[h] 

Average 
speed [kph] 

Track 
length [km]

Es�mated 
construc�on costs [€]

Ticket 
price [€] 

Passengers per 
vehicle 

Railway 01:06 59.36 65.30 195.8 million € € 16.00 

570 seats (ÖBB-
REX with 5 

BiLevel cars type 
Viaggio Twin) 

HS 
Railway 00:13 300.00 65.30 867.2 million € € 16.00 

460 seats 
(Siemens Velaro 

D) 

Maglev 00:07 500.00 65.30 
10.2 billion € (Chūō-

Shinkansen) € 17.66 
252 seats 

(Shinkansen L0) 

Hyperloop 00:03 1200.00 65.30 
2.9 billion € to 4.2 

billion € € 17.00* 

30-40 seats 
(Hyperloop 

Transporta�on 
Technologies) 

Fig. 3 Comparison of transportation systems

This comparison shows that the hyperloop does not make sense on shorter routes
such as the one used in this example. It only makes sense on very long routes where
it can utilize its high speed to gain a better advantage over the other systems. In this
example, the best system is the high-speed rail because it takes only ten minutes
longer but has a lower ticket price, a higher passenger capacity, and much lower
construction costs.

9 Conclusions

The transport system is currently facing major challenges. The need for transporta-
tion services is constantly increasing in the globalized world of transport. Compared
to aviation and trucks, the railways had the advantage of a significantly better envi-
ronmental balance. The railways are also currently experiencing a kind of “renais-
sance” in many countries. Following this impulse, new train technologies such as
the magnetic levitation train were developed in the last few decades. Compared to
conventional rail transport, the advantages of the magnetic levitation train are, above
all, the smoother operation, the higher driving speed, the faster acceleration, and
the largely wear-free technology. Despite intensive testing and numerous project
proposals, only one commercial Transrapid line was built in Shanghai. Other coun-
tries preferred to invest in the continuous expansion of conventional high-speed rail
transport.

First proposals for a train system in a vacuum tunnelweremade in the 1970s. These
concepts were concretized by the entrepreneur ElonMusk in 2013. The Hyperloop is
a traffic system which features capsules transported in a closed tube with reduced air
pressure. The resulting reduced drag shouldmake speeds of up to 1200 km/h possible.
The compressors are also intended to generate air cushions under the capsules on
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which the capsules slide. Thiswould also keep the friction extremely low.The concept
was made open and numerous companies have therefore begun to develop the tech-
nology. The two largest companies are Hyperloop TT and Virgin Hyperloop One.
They have already set up test tracks and plan to put the first Hyperloop tracks into
operation in the coming decade.

However, there are still some open questions regarding the implementation of
the Hyperloop technology. The basic technological feasibility of the concept is
undoubted. Instead, the criticism focuses primarily on the concrete implementation
and on the economical or financial aspects of the system. Amongst other things, the
cost estimates published by the Hyperloop companies are highly doubtful. Expert
calculations usually arrive at significantly higher total costs. It is generally doubted
whether the Hyperloop would actually be cheaper than conventional rail transport
in terms of total costs. A major issue is the planning of emergency exits along the
tube, which makes the system very complex to implement, and thus greatly increases
the overall costs. Another open question is the fact that there is currently no legis-
lation or regulation regarding Hyperloop technology. The legislative process in the
USA and the EU could take several years and significantly delay the development
of Hyperloop routes.

Compared to conventional rail transport or the magnetic levitation train, the
maximum capacity of the Hyperloop is also many times lower. At best, the capsules
with a maximum of 40 seats will run at intervals of two minutes. Even in this case,
a capacity of only 1200 passengers per hour and direction would be achieved. The
question, therefore, arises whether the advantage of the higher driving speed with
the Hyperloop is sufficient, or whether the concept will fail to be implemented in the
end, as was the case with the Transrapid.

The rough concept for a possible Hyperloop operation has shown that at least
in the first implementation phase, the focus should be on possible ‘point-to-point’
connections. This does not do justice to theEuropean traffic demand,where numerous
cities have to be connected to each other, with a lot of intermediate stations and junc-
tions. Furthermore, there is already a very dense rail network and, in some cases,
also high-speed rail links. For routes such as Vienna—Bratislava, the implementa-
tion of a Hyperloop connection makes little sense. According to the current status,
however, implementation of the Hyperloop could still make sense for certain connec-
tions under certain circumstances. The Dubai—Abu Dhabi link, for example, seems
to be ideal to meet the requirements. Support from the government also helps in the
development of the project. For this reason, the construction of the first Hyperloop
route in the United Arab Emirates currently seems most likely.
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