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Abstract

The current task today is the development of theoretical and methodological approaches, as well as practical recommendations
for determining the technical feasibility of creating high-speed railway (HSR) lines in the European context. The development
of railways in individual countries, followed by the creation of a pan-European high-speed railway network, has raised questions
about the compatibility of the technical systems of individual national HSRs. This paper addresses these issues using the example
of Ukraine. The research is based on an analysis of scientific developments related to the design of HSR lines and the synthesis of
European experience in identifying priority route directions in Ukraine. For comparing various scenarios for the development of
railway connections, the authors have developed a forecasting and efficiency assessment model based on the Net Present Value
(NPV) indicator. It has been demonstrated that considering the population attracted to HSR and the volume of transit passenger
transportation alone is insufficient to achieve the normative investment payback. This situation can only be rectified by implementing

mixed traffic involving high-speed passenger trains and accelerated freight trains. However, mixed traffic of passenger and freight

trains on high-speed rail lines may face numerous issues and constraints that require careful planning and coordination.
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1 Introduction

In today's world, high-speed railways (HSR) have been
introduced, where trains reach up to 350 km/h. Among
European countries, the high-speed railway network
exhibits varying levels of development. Some countries
possess rail networks with speeds exceeding 300 km/h
(France, Italy, the United Kingdom), while others
approach similar levels of development (Germany, Spain).
Additionally, there are networks that are actively under-
going HSR development. A comprehensive overview
of the current state of HSR networks and the challenges
they face is presented in the paper by Russo et al. (2023).
In technologically advanced countries, there is no longer
a question of the necessity of constructing HSRs; instead,
the focus is on finding optimal financing schemes for real-
izing such projects. The development of high-speed rail-
ways in individual European countries and the subsequent
creation of a pan-European high-speed railway

network have raised questions about the compatibility of
technical components between national HSRs, includ-
ing rolling stock and stationary infrastructure. The study
by Buier (2020) investigates the challenges of integrat-
ing high-speed railways into the pan-European network
using Spain as a case study. In October 2018, Poland,
the Czech Republic, Slovakia, and Hungary agreed to
develop proposals for establishing high-speed rail con-
nections between the capitals of Central Europe. Trains
traveling at speeds of up to 250 km/h are planned to be
launched between Warsaw, Vilnius, Riga, Tallinn, Prague,
Bratislava, and Budapest. By 2030, the entire cross-bor-
der Rail Baltica corridor is planned to be constructed
in Estonia, Latvia, and Lithuania, connecting Tallinn
through Riga and Kaunas (with a branch to Vilnius)
to the Polish state border. Additionally, during this
time, a section of the high-speed rail line V4 (V4 means
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the "Visegrad Four", or in other words, the so-called
"European Quartet"; a cultural and political alliance of
four Central European countries: the Czech Republic,
Hungary, Poland, and Slovakia) is set to be built between
Prague, Brno, Bratislava, and Budapest. Investors envi-
sion creating a unified high-speed train network with
shared schedules and ensuring consistent travel standards.
As a central European state, Hungary serves as a cru-
cial transit hub for various routes (Kurhan et al., 2023).
However, the current highest passenger train speed is lim-
ited to 160 km/h, despite the opportunity to modernize
the network, particularly the Trans-European Transport
Network rail infrastructure, with an EU (European Union)
funding. There is consideration for constructing a high-
speed railway within the next decade, enabling trains to
reach a design speed of up to 320 km/h. It is expected that
the high-speed railway will significantly reduce travel
times, with Budapest to Vienna, Budapest to Bratislava
taking approximately 2 hours, Budapest to Prague around
3.5 hours, and the complete Budapest to Warsaw route
covered in 5.5 hours by train. The National Infrastructure
Development Agency (NIF) has announced the comple-
tion of a feasibility study and optimal location assessment
for the planned high-speed line Budapest-Bratislava-
Brno-Warsaw in Hungary. The technical and economic
justification was carried out by NSV Varso, a consortium
comprising the consulting firm Trenecon and design com-
panies Fémterv and Utiber, under a contract signed in 2019
(Railway Pro, 2023). (It has to be mentioned that NIF no
longer exists since January 2023; the responsible author-
ity and ministry is the so-called EKM, i.e., the Ministry
of Construction and Transport). In Ukraine, these issues
are currently under research. Their resolution requires
consideration of the experience in implementing a range
of interconnected issues: methodologies for calculat-
ing prospective population mobility, taking into account
transit, organizational and technical prerequisites for
introducing high-speed rail (Kurhan et al., 2022a;
Hubar et al., 2020; Potapov et al., 2023), selection of
critical conceptual approaches to infrastructure, power
supply systems (Havryliuk, 2020; Havryliuk, 2021;
Fischer and Szalai, 2023; Németh and Fischer, 2021;
Szalai et al., 2022), rolling stock dimensions, and align-
ment of structures, control devices, and traffic safety orga-
nizations (Shvets, 2023; Sysyn et al., 2021) and so on.
Today's urgent task is the development of theoret-
ical-methodological approaches and practical recom-
mendations for determining the technical possibilities

of creating high-speed railways in Ukraine according
to European standards. Implementing high-speed rail
would reduce the environmental impact of transporta-
tion (Ma et al., 2023; Pittman et al., 2020), enhance pop-
ulation mobility (Guan et al., 2023; Ma et al., 2023),
improve transportation connections between countries,
and create a competitive environment in the transporta-
tion services market. On January 19, 2023, the Centralny
Port Komunikacyjny (CPK) and the Ukrainian Railways
(Ukrzaliznytsia) signed a cooperation agreement aimed
at closer collaboration in the construction of new rail-
way infrastructure, including high-speed railways (Center
for Transport Strategies, 2023; Lviv Public Portal, 2023).
One of the key objectives of this agreement is the develop-
ment of new cross-border connections with the European
standard gauge of 1.435 mm, including the construction
of a high-speed rail line. The document outlines joint
preparations for the technical and economic justifica-
tion of the planned new railway line between Poland and
Ukraine, see Fig. 1. The agreement emphasizes the neces-
sity of building a high-speed line along the Warsaw-Lviv-
Kyiv route, with a projected maximum operational speed
of 250 km/h. As part of this cooperation, the adoption of
EU standards in railway infrastructure design, construc-
tion, and maintenance, including automation and telecom-
munications, is planned (Pomykata and Engelhardt, 2023).

The rationale for selecting the future HSR route
is, in itself, a complex multifactorial scientific issue
(Di Gangi and Vitetta, 2021; Venezia, 2023). In perspec-
tive, it makes sense to explore the potential HSR network
beyond the Warsaw-Kyiv route, but the current state of
affairs undeniably indicates that, for Ukraine, the primary
need is to establish a connection between the capital and
the European Union. The purpose of this study is to analyze
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Fig. 1 Prospective HSR routes of the European railway between Poland
and Ukraine (the figure was created based on Google Maps)



various scenarios for organizing high-speed rail systems
in the most developed countries and, based on this analy-
sis, assess Ukraine's potential in preparing for the design
and construction of high-speed railways. The research is
based on an analysis of scientific developments related to
high-speed rail design, a synthesis of initial experience
from design institutes and educational institutions regard-
ing route prioritization, and the development of so-called
"pilot" high-speed rail projects in Ukraine.

2 Materials and methods

When researching the future HSR network's layout, it is
advisable to consider directions with existing railway
lines. Transportation flows in these directions tend to be
the most intensive. Therefore, the presence of a railway is
one of the crucial criteria for identifying directions suit-
able for organizing high-speed train operations.

In order to select criteria for assessing the feasibility of
constructing HSR in a specific region, in-depth research
and the development of a decision-making methodology
are necessary. The main criteria for determining prospec-
tive directions for HSR construction can be categorized
into two groups. The first group of criteria characterizes
the urbanization that leans towards the proposed HSR
project. The second group of criteria evaluates the tech-
nical and economic potential of the prospective HSR net-
work directions (length of lines, construction complexity,
cost of HSR construction, passenger travel time).

Implementing large-scale investment projects involv-
ing significant financial outlays, and the need to account
for numerous factors requires the application of appro-
priate methods for assessing efficiency. Preliminary
assessment of investment projects can be based on vari-
ous methods (European Commission, 2014; OECD, 2020;
UNESCO, 2022): the Investment Project Profitability
Guide, the
Co-operation and Development Guidelines, Criteria for

Analysis Organization for Economic
Development Assistance, the United Nations Development
Program, and others. Analysis of such methods reveals
that in American companies, the primary indicators of
efficiency are the Internal Rate of Return (IRR) (76%) and
the Net Present Value (NPV) over the entire calculation
period (75%). In the United Kingdom, the NPV criterion
is the most widely used method for evaluating the invest-
ment attractiveness of projects, employed in 80% of
cases. According to research results in the Netherlands
and Canada, the NPV criterion is the most popu-
lar method for evaluating the efficiency of investment
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projects. In Australia, the NPV criterion is the most prev-
alent when determining project effectiveness (account-
ing for 94%). Alternative criteria to NPV can include
methods such as the Internal Rate of (IRR), Accounting
Rate of Return (ARR), and Benefit-Cost Ratio (BCR).
As contemporary research suggests (Arga et al., 2021;
Priyanto et al., 2023; Venezia, 2023), NPV-based meth-
ods are preferred for evaluating railway projects. NPV
serves as a powerful tool for assessing investment proj-
ects, enabling well-informed financial decision-making by
accounting for the time value of money and maximizing
investment profitability. For comparing various scenarios
for the development of railway connections in Ukraine,
the authors of this study have developed a forecasting and
efficiency assessment model that takes into account all
costs using the NPV indicator (Kurhan and Kurhan, 2019;
Kurhan et al., 2022a, Venezia, 2023). This indicator can be
calculated using Eq. (1):
NPV:ZT:—D’ _C'_P’,_K’, M

—  (+E)
where NPV stands for Net Present Value; D, represents
the forecasted annual revenues that the railway will gen-
erate from the implementation of high-speed train opera-
tions; C, denotes the forecasted annual operating expenses
(excluding depreciation) from the implementation of high-
speed train operations; it is calculated as the total oper-
ating expenses (materials, wages, payroll taxes, fuel,
electricity, etc.); P, represents the forecasted amount of
corporate income tax for tax accounting in the calcula-
tion year resulting from the implementation of high-speed
train operations; K, signifies the forecasted investments
required for the implementation of high-speed railways
in the calculation year; it is determined as the annual total
cost (excluding VAT) of railway infrastructure construc-
tion, reconstruction, and technical re-equipment, invest-
ments in the acquisition of rolling stock, and the recon-
struction of existing depots for technical maintenance and
repair of high-speed trains; £ represents the modified dis-
count rate; ¢ is the calculation year number; 7 is the calcu-
lation period in years.

In the developed model, it is possible to investigate
and forecast the revenues that the railway will generate
in the future from the implementation of high-speed train
operations for various levels of forecasts and transport
volumes (Kurhan et al., 2022b). Based on the given meth-
odology, the authors of this research will address the prob-
lem of calculating the necessary passenger transportation
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volume at which the new route will become profitable
within a specified timeframe. In this case, the volume of
freight transportation should be as minimal as possible,
while the construction cost of the new route is indetermi-
nately defined within a certain range. Thus, the problem
statement can be expressed through Eq. (2):

NPV>=NPV _.; Ke [Kmin;Kmax];
(n,G)= . . _ )
neN_, n—>min; GeR", G—> min'

>0°

where n and G are values of passenger and freight trans-
port volumes.

3 Results
In the construction of a European standard railway track,
various scenarios are possible, including the following:

1. Existing double-track sections with a broad gauge of
1.520 mm are converted into two single-track sec-
tions with 1.435 mm and 1.520 mm gauges.

2. A dual gauge track (1.435/1.520 mm) is laid on
the main line.

3. A new railway track with a gauge of 1.435 mm is
designed.

The authors of this study will analyze the scenario
for designing a European standard railway track on
a new route, using the examples of the Warsaw-Yagodin-
Kyiv (northbound) and Warsaw-Lviv-Kyiv (southbound)
directions.

3.1 Northbound route

At the proposal of the governments of Poland and
Ukraine, the Gdansk-Warsaw-Lyubotyn-Yagodyn-Kovel-
Zdolbuniv-Shepetivka-Koziatyn-Odesa corridor received
the status of a pan-European corridor in 1997. A branch
from this corridor to Kyiv would connect the capital of
Ukraine through Warsaw to Berlin and other European
capitals. It was envisaged that the direction of the new
route would closely follow the contours of the existing
railway line Kyiv-Korosten-Sarny-Kovel-Yagodyn.

In this study, authors consider the option of a new high-
speed railway route proposed by the Research and Design
Institute of Transport Construction "Kyivdiprotrans",
in the direction of borderline-Yagodyn-Kovel-Kyiv
(493 km), which is considered the most suitable for further
planning, see Fig. 2. The total length of this section, Kyiv-
Yagodyn-Warsaw, is 730 km. The high-speed rail route
is located in a developed agricultural area, so the right-
of-way is minimized, taking into account the placement

of structural elements of the earthworks, drainage struc-
tures, snow protection, overhead high-voltage power
lines, a continuous fence on both sides of the mainline,
and a parallel access road. The average width of the right-
of-way is approximately 70 meters. The monetary assess-
ment of agricultural land is carried out separately for
arable land, land under perennial plantings, natural grass-
lands, and pastures. Considering the high agricultural
value of the lands through which the HSR route passes,
the opening of ground quarries is limited. In this regard,
the primary transportation scheme for delivering soil
will involve rail transport from the quarry to the near-
est station, reloading onto road transport, and delivery to
the embankment site.

According to estimates, the construction cost of
the HSR embankment
20%. When evaluating the effectiveness of various

amounts to approximately
options, forecasted investments for constructing a new
European standard HSR are considered. According to
the "Kyivdiprotrans" project, the total estimated cost for
the borderline-Yagodyn-Kovel-Kyiv route amounted to
41.9 billion UAH in 2008, which equals 83.8 million UAH
or 12.0 million euros per 1 km of railway. For the Kyiv-
Konotop-borderline route, the total cost in 2011 amounted
to 68.6 billion UAH, or 218.5 million UAH, or 19.3 mil-
lion euros per 1 km. For comparison, Wuhan-Guangzhou
line in China, which is 1,069 km long, cost 116.6 billion
yuan, equivalent to 14.2 million euros. Therefore, it can
be assumed that the forecasted construction cost of 1 km
of HSR is 15-20 million euros per 1 km, corresponding
to global prices.

According to the forecasted passenger transport vol-
umes for the Kyiv-Warsaw connection, it has been deter-
mined that there are insufficient volumes to make project
economically viable for pure passenger transportation.
Further research was conducted to determine the condi-
tions under which the European gauge HSR of 1 435 mm
can be effectively used for international passenger trans-
port and accelerated container or platform freight trans-
port. For this purpose, calculations were performed for
different values of passenger transport volumes (n, pairs
of trains per day) and different values of accelerated
freight transport volumes (G, million tons per year).

The results of variant calculations are shown in Table 1
and Fig. 3, the analysis of which allows us to estab-
lish approximate transport volumes that would ensure
the profitability of the northern HSR.
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Fig. 2 Plan of the borderline-Yagodyn-Kovel-Kyiv route (the figure was created based on Google Maps)

Table 1 The cumulative Net Present Value (Warsaw-Yagodin-Kyiv

direction) is increasing

The number of pairs of passenger trains/day

Cost, million euros/km

5 10 15 20 25
20 —1427 191 1799 3417 5033
15 —666 952 2560 4178 5794
Volume of freight transport, million tons/year
20 25 30 35 40
20 —743 565 1883 3191 4499
15 779 2087 3405 4713 6021
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Fig. 3 The dependency of NPV on transport volumes for the Warsaw-
Yagodin-Kyiv route

3.2 Southbound route

The HSR route, Kyiv-Lviv, crosses four regions: Kyiv,
Zhytomyr, Khmelnytskyi, and Lviv. Its construction length
is 477 km, which represents a reduction of 114 km com-
pared to the existing railway, as shown in Fig. 4. The total
land allocation required for the HSR in the Kyiv-Lviv
section is estimated at 2.610 hectares. The total length of

the Kyiv-Lviv-Warsaw route is 806 km. In addition to reg-
ular passengers, transit passengers also need to be consid-
ered, but providing an accurate forecast for transit passen-
gers for specific routes is very challenging. The outcome
depends on numerous factors that can change over time.
The Kyiv-Lviv route passes through central and western
regions of Ukraine, making it attractive to transit passen-
gers traveling between cities in these regions. The Kyiv-
Warsaw route connects two capitals, which could increase
the number of passengers traveling for business or tour-
ism purposes. Depending on the economic activity in each
city, transit passengers may constitute a significant por-
tion of the passenger traffic. The presence of well-devel-
oped transportation infrastructure and convenient con-
nections on each route can attract more transit passengers.
The political and social situation in the countries and cities
through which the routes pass can also influence transit
traffic. This issue requires further research, and the results
could significantly impact the HSR project's effectiveness.

The authors in publications (Kurhan et al., 2023;
Kurhan et al., 2022a; Zou and Tang, 2023) have demon-
strated that taking into account the population size
attracted to HSR and the volume of transit passenger
transportation alone is insufficient to achieve the norma-
tive investment payback. As mentioned above, this situ-
ation can only be rectified by implementing mixed traf-
fic involving high-speed passenger trains and accelerated
freight trains (Kurhan et al., 2022b).

The research results for the southern direction of
HSR are presented in Table 2 and Fig. 5. Therefore,
the cost-effectiveness of constructing the HSR on a new
route will be ensured at a construction cost of 15 million
euros per kilometer for the following transport volumes:
5 pairs of passenger trains and 20 million tons of freight
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Fig. 4 Route Kyiv-Shepetivka-Lviv-Western border (the figure was created based on Google Maps)

Table 2 The cumulative Net Present Value (Warsaw-Lviv-Kyiv

direction) is increasing

The number of pairs of passenger trains/day

Cost, million euros/km

5 10 15 20 25
20 -1212 520 2243 3975 5698
15 —478 1254 2977 4709 6432
Volume of freight transport, million tons/year
20 25 30 35 40
20 -134 1280 2694 4108 5513
15 1338 2752 4166 5580 6985
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Fig. 5 Dependence of NPV on the transport volumes for the Warsaw-

Lviv-Kyiv route

transport at a cost of 20 million euros per kilometer,
respectively — 5 pairs of passenger trains and 25 million
tons of freight per year. Other combinations are also possi-
ble; for example, at a construction cost of 20 million euros
per kilometer, passenger transport volume can be ten pairs
of trains per day and 20 million tons of freight transport
per year. To achieve the same Net Present Value, for exam-
ple, 5 billion euros, on the southern route, it is necessary to
have transport volumes of 15 pairs of passenger trains and
35 million tons of freight transport, and on the northern
route, respectively, 15 pairs of trains and 30 million tons

for freight transport. The cost-effectiveness of construct-
ing the HSR on a new route will be ensured at a construc-
tion cost of 15 million euros per kilometer for the fol-
lowing transport volumes: 5 pairs of passenger trains and
20 million tons of freight transport at a cost of 20 million
euros per kilometer, respectively — 5 pairs of passenger
trains and 30 million tons of freight per year. Other com-
binations are also possible; for example, at a construction
cost of 20 million euros per kilometer, passenger trans-
port volume can be ten pairs of trains per day and 25 mil-
lion tons of freight transport per year.

4 Discussion

In this paper, it has been demonstrated that considering
the population attracted to HSR and the volume of tran-
sit passenger transportation alone is insufficient to achieve
the normative investment payback. As mentioned, rectify-
ing this situation can only be achieved by implementing
mixed traffic involving high-speed passenger trains and
accelerated freight trains. The practice of constructing
high-speed railways worldwide has shown that the main
reasons for establishing sections of mixed traffic involve
overcoming contour or elevation obstacles and justifying
investments in HSR construction, where the demand for
passenger transportation is insufficient, and profitability is
ensured through additional revenue from freight transpor-
tation when organizing mixed traffic.

Mixed traffic of passenger and freight trains on high-
speed rail lines may face numerous issues and constraints
that require careful planning and coordination. Passenger
and freight trains have different schedules and need to be
synchronized to avoid conflicts and ensure safety and oper-
ational efficiency. The new HSR route must be adapted for
the operation of high-speed passenger trains and freight
container trains. This includes the construction of dedi-
cated tracks for various types of trains, the establishment
of passing sections, the construction of special crossings,




and the implementation of signaling and safety systems.
Passenger stations and stations for freight container trains
should be strategically located to ensure easy passenger
access, transfers, and efficient cargo operations. Mixed
traffic can pose additional challenges in terms of envi-
ronmental sustainability and safety. Considering all
these aspects and conducting proper planning and coor-
dination can facilitate the successful mixed operation of
high-speed and freight container trains on the new route.
However, this requires further scientific research and
the development of appropriate recommendations.

5 Conclusions

As global practice shows, all existing HSR systems are
built on routes with high and very high passenger traffic,
which is the main prerequisite for the economic efficiency
of such a transport system. The presence of a continu-
ous minimum necessary demand for trips by the popula-
tion is the most critical criterion for determining route's
location. International experience shows that the con-
struction of HSR is reasonable when the population
in the catchment area is 20-25 million people and pas-
senger traffic is not less than 5—6 million people per year.
Implementing the HSR network in Ukraine will require
significant investments in the construction of transpor-
tation infrastructure and the purchase of rolling stock.
Many questions arise regarding land allocation for con-
struction, land plot costs, the possibility of private sector
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