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ABSTRACT
The railway industry is one of the key areas of transport activity for 

many countries, in particular for the Russian Federation. The innovative 
development of this industry and of its corporate actors is an important 
aspect of development of economy and infrastructure of the respective 
countries.

An innovative ecosystem creates an enabling environment 
necessary for such development.

The objective of this article is to analyze the components of the 
innovation ecosystem:  the ways of organizing innovative activities, 
suggesting their classification into internal and external types of 
organizations. The study is based on a comparative analysis of the 
practices of the most competitive world railway companies.

The results show that railway companies using tools of both 
external and internal types are characterized by a high level of 
competitiveness and technological development. If the external type 
of organization of innovative activity has a positive effect on reducing 

costs, and also promotes active interaction with core external 
companies, then a one-sided orientation to it leads to an increase in 
dependence on third- party organizations.

Carrying out research and development within the framework of 
own innovative laboratories and R&D centers allows railway companies 
to significantly reduce this dependence, but leads to a high level of 
costs, increases the risk of obtaining results that do not correspond to 
the best world standards. The optimal and effective way to organize the 
innovation activity of a railway company is to implement a mixed type 
organization, which includes elements of independent research and 
development and active interaction with external organizations, 
companies and experts. This choice is confirmed by the activities of 
most of the analyzed companies. At the same time, it is important to 
choose the directions of technological development, within which it is 
possible and expedient to conduct independent research and 
development at the present time, as well as those requiring further 
development of competencies for independent research activities as 
well as for participating in innovative consortia. 
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Background.  The current stage of 
development of the world economy is determined 
by the formation of the paradigm of the sixth 
wave of innovation and the rooting of the 
principles of the industry 4 .0 [1] . The main 
direction of development in these conditions is 
the massive digitalization of all sectors of the 
economy and social sphere .

Industries with the necessary scale of 
production can become the drivers of 
breakthrough scientific, technological and 
socio- economic development, in particular of 
introduction of advanced technologies [2] .

One of the industries with the necessary 
scientific and technical backlog, scale and 
potential synergistic effect on related industries 
is the railway industry [3] .

Objective. In this regard, the objective of this 
article is to analyze the components of the 
innovation ecosystem and  the ways of organizing 
innovative activities, to suggest their classification 
comprising internal and external types of 
organization with regard to railway transport .

Methods. The study is based on a comparative 
analysis of the practices of the most competitive 
railway companies .

Results.
Innovative development and digitalization in 

the Russian Federation
The tasks of innovative development under 

the conditions of the fourth industrial revolution 
and the digitalization paradigm are relevant for 
most countries of the world .

In the Russian Federation, measures aimed 
at increasing the digitalization of the economy 
and social sphere are carried out in accordance 
with the Decree of the President of the Russian 
Federation dated May 07, 2018 No . 204 «On 
national goals and strategic tasks of development 
of the Russian Federation for the period until 
2024» . To achieve these goals, national projects 
(programs) were developed, including the 
national program «Digital economy of the 
Russian Federation» (hereinafter –  the National 
Program) . The objectives of the National 
Program are aimed at comprehensive 
digitalization of priority sectors of the economy 
and social sphere of the Russian Federation [4] . 
The implementation of breakthrough scientific, 
technological and socio- economic development 
is planned to be ensured, inter alia, through 
implementation of priority projects using «end-
to-end» digital technologies, which include: big 
data, quantum technologies, components of 

robotics and sensorics, neurotechnologies and 
artificial intelligence, new manufacturing 
technologies, industrial Internet, distributed 
registry systems, wireless technologies, virtual 
and augmented reality technologies . Fulfillment 
of the tasks of breakthrough development and 
mass digitalization, including through 
implementation of projects based on the use of 
«end-to-end» digital technologies, also implies 
the need to modernize the innovation ecosystem 
at both the macro and micro levels .

The passport of the National Program 
includes a number of activities aimed at 
improving the innovation ecosystem of leading 
domestic state- owned corporations and 
companies with state participation, especially 
regarding development of the digital agenda, 
including:

• development and approval of digital 
transformation strategies;

• appointment of deputy officials in state 
corporations and companies with state 
par t ic ipat ion,  implement ing  d ig i ta l 
transformation strategies, empowered and 
provided with resources for implementation of 
relevant initiatives and projects that is the  
appointment of Chief Digital Officers;

• development of an integrated project 
financing system based on the use of «end-to-
end» digital technologies and platform solutions 
with active participation of state corporations 
and companies with state participation .

One of the sections of digital transformation 
strategies is devoted to development of innovation 
management  sys tem and innovat ion 
infrastructure, interaction of companies with 
third- party organizations .

The criticality of development of this 
direction with respect to railway transport is 
confirmed by the priority of scientific and 
technological development of the Russian 
Federation in terms of  «The connectedness of 
the territory of the Russian Federation through 
creation of  intel l igent transport  and 
telecommunication systems, as well as the 
attaining and keeping leadership positions in 
creation of international transport and logistics 
systems, development and use of space and 
airspace, the oceans, the Arctic and the 
Antarctic» [5] .

The potential and criticality of railway sector 
as one of the drivers of scientific and technological 
development in the Russian Federation are 
confirmed historically: during their early 
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developments mobile communications in Russia 
were initially introduced and then modernized 
on the railways . On May 30, 2019, JSC Russian 
Railways was selected as a leader in developments 
in the field related to development of quantum 
communications [6] .

World practices of organizing innovation 
activity and innovation ecosystems: international 
associations

There are many examples of world best 
practices in organizing innovation activity and 
restructuring an innovation ecosystem [7, 8] .

With regard to the activities of railways, 
international associations, occupying an 
important  position in the innovation ecosystem, 
are becoming increasingly influential (see 
Pic . 1) .

The significant role of such organizations, 
analogous to network international alliances, is 
explained through several key aspects (which 
include, but are not limited to, the listed):

• combining key competencies, skills, 
resources, technologies and experience of 
various participants in order to obtain synergy;

• discussion on critical issues, problems and 
initiatives affecting the interests of a wide range 
of stakeholders, including commercial 
companies and state authorities;

• identification of priority vectors for long-
term development of the industry, including 
areas of  scientif ic and technological 
development, and interaction with related 
sectors of the economy [9] .

International associations act as visionaries, 
forming a long-distance vision for development 
of the industry for most of its key participants, 
including railway operators, owners of 
infrastructure facilities, manufacturers of railway 
and auxiliary machinery and equipment . With 
access to international interdisciplinary 

expertise, international associations are both 
qualified customers and responsible actors of 
global research dedicated to identify future 
trends .

Among the most characteristic examples are:
• foresight study of the International Union 

of Railways (hereinafter referred to as UIC) «A 
Global Vision for Railway Development»;

• foresight study ERRAC «Rail 2050 
Vision» .

The UIC foresight study «A Global Vision for 
Railway Development» contains a long-term 
vision of development of the railway industry, 
and also identifies a number of key driving forces 
necessary for its speedy achievement [10], 
including:

• coordinated knowledge management, 
taking into account technical requirements for 
research and development results, as well as 
potential risks, costs and opportunities;

• providing open access to industry expertise;
• active international cooperation through 

formation of sustainable partnerships with 
participation of small and research sectors;

• development of intersectoral cooperation .
According to the statement of the former 

UIC Director General, Jean- Pierre Loubinoux, 
the UIC is interested in facilitating cooperation 
among its participants from various regions and 
in joint search for answers to key challenges of 
the railway industry . In particular, for such 
purposes, the international railway research 
board (IRRB) has been created under the 
auspices of the UIC, being a platform for 
interaction and exchange of research and 
innovation results in the field of railway transport .

In order to develop international cooperation, 
support and coordinate research and innovation 
in the field of railway development, Shift2Rail 
initiative was put forward in 2014, which is the 
first European initiative in the railway industry 

Pic. 1. The place and role of international associations in the innovation ecosystem of the railway industry.

With regard to the activities of railways, international associations, 

occupying a separate position in the innovation ecosystem, are becoming 

increasingly influential (see Pic. 1).

Pic. 1. The place and role of international associations in the innovation ecosystem of the 
railway industry.

The significant role of such organizations, which are an analogue of network 

international alliances, lies in several key aspects (which include, but are not 

limited to, the listed):

• combining key competencies, skills, resources, technologies and 

experience of various participants in order to obtain synergy;

• discussion of critical issues, problems and initiatives affecting the 

interests of a wide range of stakeholders, including commercial 

companies and state authorities;

• identification of priority vectors for long-term development of the 

industry, including areas of scientific and technological development, 

and interaction with related sectors of the economy [9].

International associations act as visionaries, forming a long-distance vision 

for development of the industry for most of its key participants, including railway 

operators, owners of infrastructure facilities, manufacturers of railway and 

auxiliary machinery and equipment. With access to international interdisciplinary 

Innovation ecosystem of the railway industry

International associations (UIC, Shift2Rail, ERRAC, IRRB etc.)

Related industries

Interaction of companies of the railway industryIdentification of priority vectors of scientific-
technical development

Coordination of common efforts, promotion of 
cooperation

Stimulating participants for innovative 
development, R&D
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projects, R&D
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aimed at research, innovation and market 
solutions .

Shift2Rail is a prime example of an institution 
(association) that brings together stakeholders 
and accelerates development and innovation in 
the railway industry . This initiative was 
established for a period up to 2024 with a total 
funding of more than Euro 900 million .

Research activities of Shift2Rail are 
concentrated in the framework of 5 priority 
areas –  innovative programs (hereinafter 
referred to as IP) [11], covering all key structural 
and functional subsystems of the railway industry 
(Table 1) .

The implementation of the presented 5 IP 
implies the use of both budgetary and 
extrabudgetary sources of financing, including 
own funds of the companies involved in 
Shift2Rail . One of the key responsibilities of the 
participants in this European initiative is 
independent conduct of research and 
development in areas similar to IP . Thus, 
Shift2Rail has a direct impact on the innovation 
system and development of the railway industry 
as a whole .

As emphasized above, international 
associations play a significant role in the 
innovation ecosystem of the railway industry, 
acting as visionaries and coordinators of 
innovative activities implemented by key 
industry stakeholders .

Organization of innovation activity: practices 
of leading railway companies

Railway companies are often multidisciplinary 
holding structures whose main activities refer to 
various areas: cargo transportation, passenger 
transportation, maintenance of infrastructure 
facilities, provision of locomotive traction, etc . 
Such specifics determine wide presence within 

the organizational structure of companies of 
developed scientific and technical entities that 
include clusters in research centers, institutes 
and laboratories, as well as clusters with 
participation of specialized affiliated and partner 
universities .

The area of responsibility of these institutions 
in the field of organization of innovation policy 
of railway companies includes (including, but 
not limited to):

• training and retraining of highly qualified 
personnel in accordance with priorities and 
objectives of scientific, technological and 
innovative development;

• conducting analytical and strategic studies 
in order to identify narrow areas and development 
priorities of the company in the short, medium 
and long-term time period;

• organization and implementation of 
research and development in accordance with 
the system of end-to-end scientific, technological 
and strategic priorities;

• implementation of external and internal 
(between structural divisions, subsidiaries and 
dependent companies, branches of the parent 
company) technological transfer;

• interaction with participants in the 
external innovation environment in order to 
increase the level of competitiveness and to 
enhance research and technological 
development .

The organization methods described above 
are components of the innovation ecosystem of 
railway companies . These methods of 
organization are also conditionally divided into 
two types:

• internal type of organization of innovative 
activity is characterized by the presence of a 
structural unit that is comprehensively engaged 
in research and development; by independent 

Table 1
Innovation programs of Shift2Rail

Structural and functional subsystems IP 1 IP 2 IP 3 IP 4 IP 5
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development and commercialization of 
innovative solutions; by lack of interaction with 
external organizations;

• external type of organization of innovative 
activity is distinguished by the absence of a 
structural unit within corporate HQ that is 
exclusively responsible for research and 
development; by acquisition of ready-made 
solutions and services; by wide-range partnerships; 
by interaction with technology centers, incubators 
and startups .

In the context of mass digitalization of all 
sectors of the economy and social sphere, when 
the technological and innovation cycles are 
significantly reduced in terms of implementation 
time, one of the global trends is intensification of 
cooperation between companies and the actors 
belonging to the external innovation environment 
following the principle of «open innovation», 
including representatives of small and medium- 
sized enterprises (hereinafter –  SME) . This 
principle implies cooperation with third parties 
(for example, universities, competitors or 
customers), which opens up access to 
complementary knowledge, markets and 
networks [12] .

Practices of leading foreign railway companies 
(see Table 2) in the field of organizing research 
and development show that the following tools 
were most widely used:

1) organization of independent innovation 
laboratories and / or research and development 
centers;

2) organization and conduct of innovation- 
oriented activities, including hackathons;

3) interaction with startups and SME, within 
the framework of functioning of:

• corporate or partner business accelerators 
and business incubators;

• corporate and multi- corporate venture 
funds .

Carrying out innovation- oriented events, 
interaction with external partners, including 
startups, business incubators and business 
accelerators, provides access to advanced 
developments and technologies that lie outside 
the company’s internal control and industry 
specifics [12] .

Table 2 shows the distribution of selected 
research and development organization tools 
within leading foreign railway companies . As part 
of the analysis, we studied companies with a 
business model similar to the JSC Russian 
Railways .

It is worth noting that JSC Russian Railways 
is developing many forms of support of innovative 
activities that are not typical of other companies’ 
corporate practices, e .g . regarding the students of 
transport universities, development of close and 
efficient interaction with Russian academy of 
sciences . Single innovation «window» (office) of 
Russian Railways is another eloquent example of 
the initiative in the field of support of intercorporate 
and extra corporate innovative activities . This 
initiative is implemented through dedicated 
Website that enables reception of innovative 
proposals and offers and their processing by 
corporate experts . Suggestions can be sent by 
individuals as well as by legal entities with different 
legal status* .

The main activities of the reviewed companies 
are:

• passenger and cargo railway transportation;
• provision of logistics services;
• provision of access to railway infrastructure 

facilities .

Table 2
Practices of organizing innovative activities by leading foreign railway companies
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Business accelerator – *  – *  * *  * 

Startup business incubator – *    * * * * * 

Corporate venture fund – –  * * – * – *  

Hackathons – –   *  –    

«» –  the corresponding instrument is used in the company; 
«*» –  there are indirect signs of using the corresponding instrument in the company; 
«–» –  the corresponding instrument is not used in the company .

* [Electronic resource]: https:// innovation  .rzd  .ru/ 
front/  .
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All railway companies presented in Table 2 
are actively implementing measures aimed at 
developing critical thinking of employees, 
principles of project management (including the 
principles of lean production) and knowledge 
management systems . These initiatives contribute, 
inter alia, to development of internal business: 
implementation of innovative projects by 
company employees independently from their 
main employment [13] .

For competent management of innovations, 
it is necessary to develop employees’ awareness 
about the importance of innovation and 
professional competencies of all the stakeholders 
[14] .

The greatest innovative activity and the use of 
a wide range of different tools can be highlighted 
regarding the following companies:

• Deutsche Bahn (DB): Germany;
• SNCF: France;
• JR Group (JR): Japan;
• SBB-CFF-FFS (SBB): Switzerland;
• FS Italiane (FSI): Italy .
An important feature of leading railway 

companies is that they implement a mixed type 
of organization of innovative activity . There are 
also companies that have no internal units 
responsible for management, coordination and 
implementation of research and development, 
for example: Amtrak (USA), NSB (Norway) .

In turn, all the railway companies listed in 
Table 2 actively apply the strategy of building 
mutually beneficial long-term partnerships and 
joint ventures, including organization of joint 
research and development centers: for example, 
in China it is a joint innovation center of China 
Railway and Huawei telecommunications 
company .

SNCF is a party to mutually beneficial 
partnerships with more than 30 industrial 
companies, research institutes and international 
laboratories in various sectors of the economy . 
Under these agreements, SNCF adheres to the 
concept of open innovation, contributing to 
overall development of the railway industry .

The railway company SBB-CFF-FFS is an 
integrator of various innovative solutions in 
Switzerland and pays significant attention to 
development of the practices of signing mutually 
beneficial and long-term partnership agreements 
with research institutes and universities .

Conclusions. Analyzing advantages and 
disadvantages of the external and mixed types of 
organization of innovative activity, it should be 

noted that railway companies using tools of both 
external and internal types are characterized by 
a high level of competitiveness and technological 
development .

The external type of organization of innovation 
activity has a positive effect on reducing the costs 
required to organize and maintain its own 
infrastructure and departments responsible for 
conducting research and development, and also 
contributes to a better understanding of 
technological and market trends thanks to active 
interaction with external organizations and 
companies . However, adhering to an exclusively 
external type in implementation of innovative 
activities, makes those railway companies largely 
dependent on outside organizations regarding 
most aspects of their activities .

The implementation of solutions that 
correspond to the internal type of organization 
of innovation activity, that is, implementation 
of research and development within their own 
innovation laboratories and R&D centers, allows 
railway companies to significantly reduce this 
dependence . The disadvantage of the internal 
type is high level of costs required for research 
and development, training of highly qualified 
personnel, as well as providing them with 
necessary equipment and resources . Conducting 
exclusively own research and development is 
associated with the risk of obtaining results that 
do not correspond to the best world standards .

The optimal and effective way of organizing 
the innovation activity of a railway company  
passes, in our opinion, through  implementation 
of a mixed type, which includes both elements 
of independent research and development, and 
active interaction with external organizations, 
companies and specialists . This is confirmed by 
the fact that most of the analyzed companies 
adhere to this type of organization of innovative 
activity, independently carrying out research and 
development within their own R&D centers 
and/or innovative laboratories, as well as actively 
cooperating with other companies and startups .

The identification of areas of technological 
development, within the framework of which it 
is possible and expedient to conduct independent 
research and development in order to obtain 
results corresponding to a high level of 
competitiveness, is carried out by leading foreign 
railway companies in accordance with current 
knowledge, competencies and technologies that 
they possess and which are necessary to achieve 
such results . The exploration of technological 
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development areas in which a railway company 
does not have sufficient experience and 
knowledge is carried out within the framework 
of the external type of organization of innovation 
activity, in particular, within the framework of 
the policy of net consumption of technological 
and product solutions in the form of ready-made 
technologies (services) .

In the future, subject to further training of 
employees of a company and its subsidiaries and 
acquisition of relevant knowledge and 
competencies, development of such technology, 
including next-generation solutions, can be 
carried out by such a company independently 
or as part of a consortium .
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