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PATTERNS OF DIGITALISATION IN
MACHINERY-BUILDING INDUSTRIES:
EVIDENCE FROM RUSSIA
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ABSTRACT

Digitalisation in machinery-building is expected to enhance productivity and drive the
digital transformation of other industries. The extant literature sparsely describes
pathways of different sectors in digitalisation, considering the heterogeneous
characteristics of firms and sectors. Emerging economies with important state
participation represent a particular interest in this area of research. To this end,
a multiple case study method was used to describe a set of determinants revealed
from the literature on Russian technological development and innovation in
manufacturing. Two different patterns were identified. The first one was typical for
large leading firms with state participation, which have a global market presence and
a substantial level of interoperability, currently turning into a service business model.
Private firms that follow the second pattern focus on physical and digital infrastructure
upgrading targeted at particular issues to secure connectivity across departments. The
state participation does not have a decisive role in digitalisation decisions; however, it
affects the participation of companies in national digital initiatives. This study is
a preliminary analysis of the determinants associated with corporate digitalisation
from the sectoral perspective. Since both national and corporate strategies are
ongoing, it seems premature to make generalised conclusions. Instead, the paper
provides useful insights for management and policy that refer to digital technology
uptake by machinery-building industries.
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Being the core of manufacturing both in devel-
oped and developing countries, capital goods indus-
tries continue to play an important role in a country’s
economy. Machines and equipment affect a wide
range of fields, contributing to efficiency gains and
productivity, improvement in the quality of final
goods and its technology intensity, dissemination of

spill-over effects (Kwak and Kim, 2014; Rodrik, 1996;
Ferris and Gawande, 1998; Min et al., 2018). Moreo-
ver, there is a particular interplay between ICT and
the machinery equipment industry due to technology
convergence that influences the whole value chain in
different ways (Min et al., 2018).

Particularly, digital technologies impact on tech-
nological imperatives of the machine-building sector
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by enabling a close interaction between physical and
virtual environments (OECD/IEA, 2017; OECD,
2017). Digitisation describes the process of convert-
ing analogue data into digital data sets (Rachinger et
al., 2018). To pursue new opportunities, technological
solutions based on such technologies provide digital-
ised data to create radically new products and services
(Gobble, 2018). Such emerging sets of technologies
change the relative efficiency of inputs, as well as the
structure of production, and allow for productivity
gains. The incorporation of new technologies is influ-
enced by specific parameters, such as size, age, own-
ership structure or absorptive capacity (e.g. Tether,
2002; Aristei et al., 2016; Fagerberg and Srholec,
2016), but also depends on the expected market
potential and the level of competition (Nelson and
Winter, 1982; Aristei et al., 2016).

Although Russia is a leading technology pro-
ducer in several fields, such as space equipment and
energy machinery, its machine-building sector still
suffers from outdated production methods (Szirmai,
2012). Recently, some papers have started addressing
the digitalisation efforts and opportunities in Russia’s
economy (e.g. Lisovskii et al., 2018; Kudryavtseva et
al., 2018). All these contributions stress the robust
role of policies in Russia’s economy in general as well
as an enabler of digital strategies in particular. Two
main issues should be considered while analysing the
sector. The first refers to the heavy dependence of
Russia’s machine-building sector on foreign technolo-
gies as machines and equipment account for almost
half (48.7%) of all Russia’s import (Federal Customs
Service, 2018). Secondly, the imposed sanctions on
fuel and energy, as well as on the financial sector, led
to a significant reduction in both investments and
production volumes. The overhauled machine-
building sector, on the other hand, would open export
opportunities to European and Asian markets. This
need is urgent as during the years 2014-2016, Russia’s
exports stagnated due to the decreasing global
demand.

In the literature, machine-building sectors are
recognised as a homogenous entity with a particular
value of implicit knowledge and a business-centred
model. A traditional chain of stakeholders encom-
passes three key groups: enablers (suppliers of digital
solutions), machine-builders and customers that use
equipment (Sommarberg and Mékinen, 2019). Nev-
ertheless, technological processes and customer rela-
tionships differ immensely.

The remainder of the paper is structured as fol-
lows. First, a brief literature review presents the digi-

talisation in manufacturing. The next part provides
the assessment of the current technological level of
the Russian machinery-building industries. The dis-
cussion investigates different determinants of digitali-
sation directions chosen by machinery-building
companies. The summarised results propose several
corporate recommendations and policy issues on
possible ways to enhance industrial upgrading with
digital technologies and to accelerate its adoption.

1. LITERATURE REVIEW

The literature offers several strands with regard
to digitalisation in manufacturing industries. The
first mainly covers a micro-view and capacities to
uptake emerging technologies. Often, articles diag-
nose a slow pursuit of business opportunities associ-
ated with digitalisation (Porter and Heppelmann,
2015; Lenka et al., 2017). However, the literature is
still in its infancy as regards the new offerings and
processes as a result of digitalisation and the redefini-
tion of value creation between providers, customers,
and other actors along the value chain (e.g. Rabetino
et al., 2018; Parida et al., 2019). So far, resource-based
views dominate the approach to competitive advan-
tages derived from digitalisation (Lenka et al., 2017;
Hasselblatt et al., 2018). In particular, the literature on
the importance of platform thinking is instrumental
in understanding emerging business models and the
pursuit of strategic opportunities (Eloranta et al.,
2016; Eloranta and Turunen, 2016; Cenamor et al.,
2017).

Another strand of research scrutinises technolo-
gies that transform manufacturing and its implica-
tions, such as computer modelling, cyber-physical
systems, the Internet of Things, cloud computing, big
data, augmented reality, industrial automation and
robotics and additive technologies (Esmaeilian et al.,
2016; Ghobakhloo M., 2018; Kang et al., 2016; Strange
and Zucchella, 2017; Tao et al., 2017; Szalavetz, 2018;
Wang et al., 2017; Witkowski et al., 2017; Slusarczyk
etal. 2019; Alaeddin et al., 2018; Kohnova et al., 2019;
Krykavskyy et al., 2019).

The technological and business opportunities
offered by digitalisation require efforts that encour-
age most leading countries to launch government-led
industry programmes to orchestrate the upscaling of
their industrial base, e.g., China in 2025 (e.g. Chen,
2018), the smart manufacturing initiative of the USA
(White House, 2016), and Germany’s High Tech 2020
Strategy (e.g. Fuchs, 2018).
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Digitalisation facilitates product development
and gives an impetus for an overall transformation of
outdated production processes in all industries.
Numerous studies evidence ICT-sector products and
services contribution to economic growth in develop-
ing countries, such as Singapore (Vu, 2013), South
Korea (Hong et al., 2016; Hong, 2017), India (Mitra et
al., 2016), Latin America (Hofman et al., 2016), as
well as developed states like Germany (Strobel, 2016).
However, economies, which lie below the world
technology frontier, should choose a different route
towards modern developments.

The first issue is the extensive dependence on
foreign solutions. Embracing digital technologies
may allow countries to roll out their solutions in pri-
oritised technology fields, and, thus, alleviate often-
disproportionate reliance on external technologies.
The establishment of demand for own high-technol-
ogy products is seen as the second greatest difficulty
for latecomers (Kim and Lee, 2008). The solution
demands an integrated approach to aligning stake-
holders with the required financial support at most
demanded directions. While government-led initia-
tives of leading technology producing countries are
well researched, attempts of emerging economies to
create technology base have received little attention.

Industrial competitiveness relies heavily on
machinery and, more broadly, the competitiveness of
investment goods as they contribute to the improve-
ment of productivity, quality characteristics of the
final goods produced with the help of machines, and
higher technological opportunities overall (Kwak and
Kim, 2015). In emerging countries, machinery indus-
tries are widely studied, to name a few, the latest
research plastic injection moulding (Kwak et al,
2018) and military aircraft (Lee and Yoon, 2015)
industries. Russian machinery sectors present an
interesting case from the sectoral perspective and
effects for the economy as a whole. This study closes
the gap by presenting an analysis of determinants
linked to the investments in digitalisation in machin-
ery industries. It implies different sets of capability
and, thus, demonstrates distinct trajectories of indus-
trial upgrading (Lacasa et al., 2019; Lee and Malerba,
2017).

Considering a wide range of implications and
prerequisites required to utilise the effects of digitali-
sation, the insights of the paper could be useful for
policy issues. Such studies are still very limited with
the exception of papers by Arens (2019) on the Euro-
pean steel industry and Gauthier et al. (2018) on
policy level-changes for digitalisation adaptation. In

most cases, such support strategies are discussed
within the framework of Industry 4.0, a term that
emerged from a policy discourse around the German
initiative, which became a part of the new German
High Tech Strategy 2025 introduced in 2018 (Bun-
desregierung, 2018; Luz Martin-Pea et al., 2018).

For traditional industries in developing and
developed countries, digital technologies highly con-
tribute to the overall economic growth (Stiroh, 2002).
It provides a boost to productivity, which went down
due to a decrease in growth rates of the total factor
productivity (TFP) (Voskoboynikov, 2017). On aver-
age, the effects generated by digitalisation on produc-
tivity are higher for manufacturing that is linked to
the automation of large part of routine operations
(Akerman et al, 2013; Dhyne et al,, 2018). Not by
chance, national governments are developing digital
strategies for production industries. This trend,
though, is not new: ICT and technology upgrading
were a key milestone for recovering after the financial
and economic crisis in 2008. For example, the U.S.
government launched the “Manufacturing USA”
(formerly known as the National Network for Manu-
facturing Innovation), while catapult centres were
initiated in the United Kingdom, and South Korea
started the programme “Manufacturing Industry
Innovation 3.0” and a network of 17 Creative Econ-
omy and Innovation Centres (ITIE, 2017). Emerging
technologies facilitate costs reduction and production
losses, enhance labour productivity, etc.

In summary, the study identifies factors of digi-
talisation pathways in the machine-building industry,
with a particular focus on both private firms and
companies with state participation.

2. TECHNOLOGICAL UPGRADING
IN THE NATIONAL DIGITAL AGENDA:
THE RUSSIAN PERSPECTIVE

Russia’s development is in line with world trends,
though it is facing the problem of productivity fall
hindered by the need to bridge the technological gap
(Voskoboynikov, 2017). Over the last decades, the
latter has become a keynote. Since 2010, the Russian
innovation and industrial policy has been converged
with strategic goals and national technology priori-
ties. This is not limited to the R&D increase but also
the efforts targeted at the improvement of the invest-
ment climate and the development of new high-tech
sectors (Simachev et al., 2014).
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The first systemic effort of technology upgrading
based on emerging digital technologies was intro-
duced in the National Technology Initiative (NTI) in
2016. Several multi-lateral long-standing public-pri-
vate partnerships were established in priority mar-
kets: AutoNet, AeroNet, EnergiNet, FinNet, FoodNet,
HealthNet, MariNet, NeuroNet, SafeNet and Tech-
Net. This was a cutting-edge direction for all indus-
tries that should bridge the gap in commercialisation
and create the required legislative, organisational and
business environments (NTI, 2018). By providing
venture capital, the NTI also boosts small firms that
develop technological entrepreneurship. However,
NTI centres do not have sufficient shared facilities
and equipment, which participants could use for the
development and testing of new goods and services.
However, the initiative is unavailable to all partici-
pants as it only covers a limited number of organisa-
tions in particular fields that concentrate main
activities and resources within the framework of the
NTI (Dezhina, 2018). There is a lack of mechanisms
that ensure cooperation and, hence, incentives to
build close innovative ties between participants.

The national programme (project) “Digital
economy of the Russian Federation” is a recent and
most comprehensive initiative. Started in 2017, it
integrates a range of different projects and measures
to create digital solutions and platforms, based mainly
on domestically developed technologies and promote
its further adoption in industries and public services,
including health, education, industry, agriculture,
construction, urban economy, transport and energy
infrastructure, and financial services (Russian Gov-
ernment, 2019). In terms of innovation policy, the
programme bridges digital solutions development
with its consumptions by other sectors, which is
anticipated to facilitate digital transformation and
foster long-run economic growth.

The framework of the initiative specifies main
directions to implement digital solutions by strength-
ening human resources for the digital economy,
information infrastructure, information security,
digital technologies, normative regulation of the digi-
tal environment, and digital public administration.
The aforementioned elements and seven main tech-
nology blocks (neurotechnologies and artificial intel-
ligence, distributed ledger technologies or blockchain,
quantum technologies, new manufacturing technolo-
gies, robotics and sensors, wireless technologies, and
augmented and virtual reality) stand for three main
priority fields: 1) markets and sectors; 2) platforms
and technologies; 3) environment (Russian Govern-
ment, 2019). Such initiatives are mostly synchronised

with the more recent NTI measures and substantially
enlarge the previous agenda.

However, the digitalisation strategy for manufac-
turing is still nascent for the policy frame, compared
with other countries like China, Japan, Germany, the
USA, the UK, South Korea that have launched special
industrial programmes starting with 2010. This has
particular implications on the level of a company and
the export competitiveness of manufacturers.
According to representatives of companies, the lack
of sufficient budget is the first obstacle in the digitali-
sation journey of Russian manufacturing companies
(ISSEK NRU HSE, 2019a).

In summary, the initiatives of the Russian gov-
ernment aim to consolidate efforts by industry actors
and knowledge producers and to provide financial
support. Such an approach is in line with the strategic
policy and has particular implications on the level of
companies.

3. CURRENT TECHNOLOGICAL LEVEL
OF THE RUSSIAN MACHINE-BUILD-
ING INDUSTRIES

In the scope of the current research, we consider
machine-building industries broadly, including auto-
mobile, agriculture machinery, aircraft, heavy
mechanical engineering, machine tool, power engi-
neering, shipbuilding and transport machine-build-
ing industries. In the latest decade, the sectoral
performance varied greatly. Most segments demon-
strated growth after a decline of 2014-2015, which
was triggered by sanctions and stagnant global
demand, which mirrored in the Russian foreign trade.
After the falling export volumes and a drastic drop in
2014, the trend reverted in 2017, and further pros-
pects remain positive (Federal Customs Service,
2018). However, most Russian export is connected to
niche high-tech goods with export volumes several
times lower compared to those of the import.

Three main factors describe the technological
level of machinery industries: 1) high dependence on
foreign technologies, components and final machin-
ery goods; 2) low innovative capacity of companies;
and 3) insufficient investments in ICT and digital
technologies.

3.1. HIGH DEPENDENCE ON FOREIGN
TECHNOLOGIES

Machines and equipment are the top imported
goods in Russia. Despite a significant drop in 2015,
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the purchase of foreign equipment keeps rising (from
a moderate 5% in 2016 to 28.2% in 2017), and now,
accounts for almost half of all Russian imports
(48.7%) (Federal Customs Service, 2018). Although
Russian products in general and in machine-building
in particular are improving in terms of their quality,
Russian customers have a strong preference for
imported products. Major efforts for reducing import
dependence are limited to the localisation of foreign
parts, components or a final product. This is the case
of the automotive industry. Its upgrading is based on
a set of measures intended to stimulate foreign invest-
ments by means of industrial assembly plants and an
increase of duties on second-hand cars (Kuznetsov
and Simachev, 2015).

3.2. LOW INNOVATION CAPACITY OF RUSSIAN
FIRMS

This preference of foreign products, both physi-
cal and digital, stems from the lack of competence in
certain fields as well as missing product certification,
and, on the other hand, from insufficient R&D activi-
ties (Dezhina, 2017; Kuzminov et al., 2018). Special
software, such as PLM and MES systems, is delivered
by such world leaders. To obtain a high level of auto-
mation, companies seek opportunities to ensure
a modern physical infrastructure, such as machine
tools, machining centres, robotics, etc. As an impor-
tant part of the digitalisation strategy, companies
invest heavily in capital assets through partnerships
with foreign industrial robotics producers. Several
reasons explain the extensive dependence on foreign
technologies. The large part of Russian manufactur-
ing companies faces a high level of special software
and the adoption of relevant systems. At the same
time, a piecewise digitalisation covers only a part of
processes, which hinders efficient internal operation
and cooperation with other participants (Dezhina et
al,, 2015).

Companies find it easier and faster to buy com-
plete solutions abroad than to develop the domesti-
cally or internally, which results in low R&D
(Dezhina, 2017). The insufficient
demand and the lack of technological competences
result in low innovation capacity, which is typical for
latecomer sectors (Kim and Lee, 2003). In this regard,

involvement

a primary policy task is to enhance the motivation of
companies to invest in new digital solutions for pro-
duction. A set of policy measures should be broader
and create an appropriate environment, where tech-

nological upgrading becomes an essential condition
of the market success of the company.

An aggregate level of innovation activity, which
also encompasses organisation and marketing inno-
vations, amounts to 8.4%, while in Germany, this
indicator is 67%. Such low level is a result of a small
number of organisations that develop technological
innovations (7.3%) in comparison with developed
countries like Germany (52.6%), the UK (40.9%),
South Korea (34.6%), China (26.9%) and the U.S.
(12.8%) (NRU HSE, 2018b). At the same time, the
distribution of financial support from the state in
Russia almost coincides with the level of Germany,
21.8% and 21% respectively.
efficiency of resources that do not lead to market
introduction of new technologies and its further
usage.

This indicates a low

3.3. INSUFFICIENT INVESTMENTS IN ICT AND
DIGITAL TECHNOLOGIES

Another obstacle to digitalisation is low invest-
ment in new technologies. The proportion of spend-
ing on digital technologies makes up only 2.2% of the
GDP in comparison with 5% in the US, 3.9% in
Western Europe and 3.6% in Brazil (Digital McKin-
sey, 2017).
remained stable from 2006 onwards but did not show
any signs of improvement (Balagurova et al., 2017).
This statement is confirmed by the business. Accord-
ing to the survey of large and medium companies, 2/3
of enterprises estimated investments in digital tech-
nologies as low (ISSEK NRU HSE, 2018a).

Nevertheless, a slow digitalisation path is not
exceptionally a Russian trend. In spite of high
expected economic implications, transformation in
European countries is also deploying a moderate path
(European Union, 2018). According to the annual
monitoring of German Federal Ministry for Eco-
nomic Affairs and Energy, almost half of respondent
enterprises pointed out the absence of necessity of
digitalisation projects in 2016. In 2017, the figure
changed and accounted for 29% (BMWi, 2018). This
was possible partly due to federal policy and relevant

Investment in innovative activities

initiatives.

Another key trend is a substantial gap between
large leading companies and SMEs in the pace and
scope of digital adoption. This depends on different
requirements in digital technologies and its applica-
tion field in small firms. As an example, cloud com-
puting is more demanded by small and medium
firms, since the solution allows reducing the costs for

11
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maintenance of physical parts of the information
infrastructure and ensures access to data. Large com-
panies often need solutions that integrate different
functional fields into a single system, like Enterprise
Resource Planning (ERP), MES, etc. (Gal et al., 2019).

The modernisation agenda is unwrapping on the
background of the systemic challenges in the field of
science and technology. Still, previous research
showed systematic shortfalls in comparison to more
developed countries (Gstraunthaler and Proskuryak-
ova, 2012). Several research papers into Russia’s
national innovation system and notoriously low levels
of investment activity revealed the inadequate col-
laboration between actors within the innovation
chain as the main deficiency (e.g. Thurner and Zai-
chenko, 2016; Vishnevskiy et al., 2019).

4. CURRENT LEVEL OF RUSSIAN
MANUFACTURING DIGITALISATION

The overall index of business digitalisation (28)
of Russia lags behind most OECD countries, includ-
ing the leader Finland (50) or Korea (45) as well as
Turkey (33) (NRU HSE, 2019b). Companies show
misbalance between the use of traditional and new
digital solutions: together with wide dissemination of
traditional technologies, such as access to broadband
Internet, only 23% of firms use cloud technologies. In
Finland, this indicator reached 65.3% in 2018. The
indicators reflected the use of ERP-systems, which
was even lower: 19% of Russian organisations in
comparison with 54% in Belgium. In manufacturing,
this indicator was higher (27%); however, only 1/3 of
enterprises used CRM, ERP, SCM systems (NRU
HSE, 2019b). The business survey also confirmed the
results mentioned above: according to representatives
of companies, every third firm was not prepared for
the digital transformation (ISSEK NRU HSE, 2019a).

Official statistics evidence an extremely low rate
of domestic development in ICT-related advanced
manufacturing technologies (AMT) and a much
higher demand for it: created technological solutions
roughly account for only 1% of the number of tech-
nologies used by countries (NRU HSE, 2019). The
largest part of developed solutions is concentrated in
computer-aided design, engineering and consulting
services. This type of technologies as well as more
traditional, simple well-established solutions are also
highly demanded by companies. More complex and
advanced technologies are still hardly used by com-

panies, including CAM, automatically controlled
vehicles, complex robots, systems based on artificial
intelligence. Modest innovation capacity and insuffi-
cient domestic demand result in a low market share
of Russian machine producers. In the near future,
they will face even stronger competition. Conse-
quently, low output numbers do not allow for opti-
mising production costs, technology upgrading and
innovation activities.

An issue that could contribute to digital upgrad-
ing of manufacturing is the fact that Russia worked
intensively on building its domestic engineering
software platforms (Gershman and Thurner, 2018).
These platforms have now reached technological
maturity and offer an alternative to the country’s
dependence on imported technologies. Although
software development still depends mainly on access
to international technologies, Russias IT sector is
growing stronger. The sector makes a substantial
contribution towards the country’s digital develop-
ment as its contribution to the GDP is forecast to
reach 4.6% in 2030 when digitalisation in sectors may
contribute to 30% of the GDP. In fact, the total factor
productivity and capital contribution as major growth
factors of the added value could reach up to 5% and,
thus, become the greatest in machinery industries
among all sectors (ISSEK NRU HSE, 2018c).

5. METHODOLOGY

This paper used the case study to verify the
assumptions identified on the sectoral and firm-level
and reveal patterns of digitalisation in machinery-
building industries. A multiple case study was used to
reveal different directions of digitalisation in indus-
tries with particular attention on state participation
in company capital. The choice of method was driven
by the intention to make a qualitative description of
characteristics that might accelerate digital technol-
ogy adoption, the transformation of business models
and the enhancement of innovation capacities of the
incumbent firms. The use of several cases allows
identifying a set of practical issues based on heteroge-
neous data (Coreynen et al., 2017). The study provides
a description and reasoning of the factors that inter-
play in terms of the digital transformation.

Empirical research contributes to theoretical
issues of the digital transformation in machinery
firms (Dul and Hak, 2008; Kwak et al., 2018). Based
on research by Kwak et al. (2018), the study used
purposive sampling for case selection that allowed

12
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testing the hypothesis and making relevant conclu-
sions. Detailed examination of the cases (Rowley,
2002) was made to answer two main questions:
1) How is the digitalisation deployed in the machin-
ery-building sector, and 2) Which are the factors that
determine it. This enabled fruitful insights in the area
of the adoption of emerging technology strategies
and its implications for business (Vishnevskiy and
Yaroslavtsev, 2017).

The reasons behind the choice of a small number
of case study firms lie in the necessity of a thorough
study of particular digitalisation issues that are cur-
rently hardly captured by official statistics. It was
important to find cases that matched a set of require-
ments, namely: size and main activity, digitalisation
strategy in a long-lasting period (ten years and more),
diverse product portfolio. Another important issue
was data availability and reliability. Thus, three seg-
ments in machine-building industries were selected
— automotive, general machinery production and
the transport machinery sector. By using purposive
sampling, three firms were chosen. Each firm repre-
sented a type of the best practice, which demonstrated
a relatively intense digital transformation and was
recognised as one of the leading players in the corre-
sponding machinery-building segment. Following
the research by Coreynen et al. (2017), key character-
istics of the companies were collected (Tab. 1) based
on the data from the Bureau Van Dijk database. All
companies were listed on the stock exchange.

The company sampling considered data availabil-
ity and current realisation of the strategy linked to
digitalisation. Desk research was used to collect the
main sources, which comprised annual companies’
official reports, industrial reports and journals, cor-
porate journals, expert and analytical studies, and
financial data from the Bureau Van Dijk database.

After the preliminary selection, the focus was
directed to three large companies from the main
machinery-building segments that represented the
major part of the Russian machinery-building sector.

Tab. 1. Main characteristics of the firms

Two of them were private and one — state-owned. All
of them belonged to the categories “large” or “very
large” The firm A was an important player in the
automobile and engine market, being a part of one of
the vertically integrated state corporations. The firm
B produced energy equipment and occupied a strong
position on the Russian and CIS markets. Finally, the
third case was a private company, a part of a holding,
that manufactured passenger cars of motive power.
Thus, companies followed different patterns of digi-
talisation due to corporate and sectoral characteris-
tics.

Based on the approach of Coreynen, Matthyssens
and Van Bockhaven (2017), two interviews were
conducted with representatives of each firm responsi-
ble on digitalisation and supported obtained data
with information from official annual reports, bro-
chures and presentations, expert discussions and
other sources of open data.

With the aim to exert a comprehensive analysis,
three cases were analysed according to the following
framework: 1) digitalisation and innovation scope:
strategy coverage (product and process transforma-
tions due to digital technologies), establishment of
digital transformation units within a company, prov-
enance of digital solutions used by a company, current
projects related to digitalisation, R&D activities,
cooperation with science and research organisations,
participation in the National technology initiative
(NTI) and other innovation projects; 2) policy scope:
state participation in a company, participation in
government digital initiatives and government sup-
port opportunities seized by a company.

6. OVERVIEW OF COMPANY DIGI-
TALISATION

In this section, each case description is made,
which unveils some ways of the firms’ digitalisation
strategy and gives an opportunity to examine, how

MAIN ACTIVITY ACCORDING TO
FIRMS OWNERSHIP SIzE EXPORT DIRECTIONS
THE NACE REV. 2 CLASSIFICATION
. company with state . CIS, South Asia, Middle East, Af-
Firm A N manufacture of motor vehicles very large R . .
participation rica, Eastern Europe, Latin America
. . manufacture of general-purpose .
Firm B private X & purp large CIS, Europe, South Asia and other
machinery
. . manufacture of railway locomo-
Firm C private . . v large Belarus, CIS
tives and rolling stock

Source: (Bureau Van Dijk, 2019) and company web sites and annual reports.
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sectoral issues are mirrored on the level of a particular
firm.

6.1. FIRM A

Company A stands out among the Russian
machine-building companies that successfully devel-
oped a digitalisation strategy. It has a long history of
efforts towards digitalisation, which began in the
middle of 2000. The strategy was rolled out for several
consecutive stages. The first was the most important,
lasted ten years and focused on the development of
digital models, improving designs and testing prod-
ucts on digital platforms. In the next stage, a digital
production facility was created, which integrated the
product lifecycle management (PLM), resource plan-
ning (ERP), production planning and production
management systems (MES). During this period,
robotics and automation were also introduced, includ-
ing CNC machines and machining centres. During
the current third stage, the company is moving to
servitisation and digital services, introducing
a system for ongoing monitoring, diagnosing and
transportation of produced vehicles based on an
automated control system. The central element of the
system will be a compatible development of “digital
twins” of all elements — products, processes, machines
and equipment — which form an integral system of
single digital production space (Production Manage-
ment, 2017; Gershman et al., 2016).

To upgrade a physical infrastructure and increase
the level of automation, the company cooperates with
a global supplier. The automation concept is an
important part of the company’s development strat-
egy, which involves the introduction of almost 1000
robots and robotic elements. Moreover, a smart fac-
tory project is planned based on solutions from Sie-
mens.

In addition to in-house R&D facilities, the com-
pany cooperates with participants of the National
technology initiative on such projects as system engi-
neering, the standardisation of the production pro-
cess, elements, etc. Also, contacts have been signed
with scientists from a federal university, including
a laboratory, a technology centre for production auto-
mation (Production Management, 2017a). The com-
pany is a significant participant of the NTI platform
and is involved in the development of fully autono-
mous vehicles and related applications.

Considering the intense automation of the pro-
duction workshops of the company, the rate of digi-
talisation seems to be rather high. This is confirmed
by the fact that corporate strategy together with the

digitalisation of production and supply chain, sales
and services, also contains the transformation of
management systems and corporate culture. The latter
includes such initiatives as the acceleration of digital
transformation projects. Furthermore, efforts are
undertaken to internally develop talents in the field of
digital technologies. Some projects have been designed
for training in management skills as well as monitor-
ing and estimation of the corporate culture transfor-
mation.

6.2. FIRM B

As a private player in energy machine-building,
the current priorities of the firm are related to infor-
mation integration and design, which cover all ele-
ments of a vertically integrated structure. In the
middle of 2000, the company heavily invested in the
consolidation of process automation and manage-
ment. At that time, a modern ERP-system was imple-
mented, which allowed standardising major business
processes. During the next stage, the goal was to con-
solidate all processes in functional areas of the com-
pany’s decision-making units (DMU), which resulted
in the creation of a unified information system where
all subsidiaries were included. The company estab-
lished a central department of information technolo-
gies with several divisions, including information
systems, information infrastructure, CAx tools etc.
Moreover, customised sensors developed within the
company provide data based on telematics to deter-
mine possible malfunctions in operation for planning
predictive repairs, etc. (NRU HSE, 2018a).

In its digitalisation strategy, the firm mainly relies
on foreign information products. As an ERP-system
and 3D-modelling, it opted for the product of the
foreign supplier. Currently, it is expected to update the
system based on integrated solutions, including large
data, machine learning, predictive models, etc. again,
with foreign solutions. A single information platform
would help to reduce the time spent on the prepara-
tion of design and production, which, in turn, would
allow performing more projects in a given period.

Together with digital, a substantial budget was
allocated for upgrading and modernising machine
tools park. Modern high-precision machines embed-
ded with numerical program control (CNC) will be
integrated with other production systems. Further
steps of digitalisation involve the transformation of
the entire organisational architecture, more flexible
interaction among departments and testing in a vir-
tual environment. Several dimensions are involved in
the field of monitoring systems and digitalisation of

14




Volume 11 e Issue 4 ¢ 2019

ENGINEERING MANAGEMENT IN PRODUCTION AND SERVICES

a process, which encompasses different systems of
equipment diagnostics. Overall, the digitalisation
across departments is in progress.

6.3. FIrRm C

The digital transformation of the company started
later compared with the other two cases. The current
set of activities is larger and addresses all business and
production processes that will be implemented in
several stages. An active phase of digitalisation started
only several years ago. However, there is no single
strategy or an official document. Instead, it is a set of
initiatives that enables the deployment of a digital
factory. This includes information systems integra-
tion, as well as physical modernisation of capital
assets. From the physical point of view, the transfor-
mation includes industrial robot installation, meas-
ures for its productive use as well as solutions for
monitoring in real-time and a single system as a part
of the deployment of the Internet of Things (Produc-
tion Management, 2017b).

Some pilots are aimed at the adoption of traceabil-
ity procedures for products. From the digital point of
view, main projects comprise the introduction of
a monitoring system for manufacturing equipment,
3D-modeling, and a digital twin. A large share of ini-
tiatives is aimed at the compatibility of different sys-
tems in the supply chain, including internal planning
and control, traceability of goods and materials,
interactive digital manuals for employees, etc. All sys-
tems and newly adopted solutions should be integrated
into a comprehensive ecosystem backed by modern
information infrastructure. In doing so, the company
relies mostly on already existing and widely used
technologies, for example, the MES system in shop
factories in different productive domains. Importantly,
this solution is internally developed and meets the
specific needs of the company.

The firm B does not participate in national digi-
talisation initiatives. The innovation activity of the
company is based not only on internal capacities but
also includes the collaboration with research centres
and academic organisations of the sector. This is
driven mostly by long cooperation ties in the industry
but does not expand on newly launch national initia-
tives.

7. DISCUSSION AND FINDINGS

This study examined three large firms that repre-
sent the best practices in each of the Russian

machinery-building segments. Two of them were
vertically integrated state-owned companies. Such
players are likely to become pioneers in digitalisation
and technological upgrading due to their role in the
economy and their access to financial resources.
These large corporations act as multipliers due to
their role in the value chain and facilitate the forma-
tion of a capable technological architecture. The firms
collect valuable experience, which can be transferred
to other enterprises and market segments (Thurner
and Proskuryakova, 2014). Such an approach builds
on the identification of lead enterprises, which suc-
cessfully incorporate digital technologies as key
learning cases. Such a nuanced policy approach con-
siders the different rates of change in diverse sectors,
while the development of industry standards facili-
tates the integration of lower-level suppliers and
SME:s (Blind and Mangelsdorf, 2013; De Vries et al.,
2009; Turovets et al., 2019; Turovets and Vishnevskiy,
2019).

Nevertheless, large companies are not the single
driver of transformation in machinery-building. In
spite of non-favourable external conditions that have
been affecting the Russian business in the past several
years, there is a trend of successful medium-sized
companies, which also operate in some machinery
industries, such as instrument-making, electronics
etc. A medium company is usually specified accord-
ing to the annual income, which is from RUB 50
million and up to 10 billion. Such firms actively con-
duct in-house R&D, have strong market positions
(usually, niche) and a portfolio of customers. Also,
they have a stable growth of annual income (~15%)
and do not extensively depend on state support
(Dezhina and Etzkowitz, 2016). Since such compa-
nies are often involved in the export of high-value
goods, technological upgrading and digitalisation
become essential to keep competitiveness on a global
scale.

A reverse trend is particular for small enterprises:
state support appears an important source of techno-
logical upgrading. Currently, their role in the econ-
omy is modest, they are not fully included in value
chains as suppliers for large companies. To enhance
small technology businesses, the current agenda pro-
vides several directions, including grants, venture
capital, etc. (Dezhina and Etzkowitz, 2016). The key
factor for them is the availability of capital. More
broadly, a contribution of small firms to digitalisation
is restricted due to their current role in the economy.

By the middle of 2019, all three firms, as well as
most Russian industrial companies (ISSEK NRU
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HSE, 2019a), have started digitalisation initiatives.
Most of them are still in their first stages and need
substantial investments for further development.
Often, there is no single document of digital transfor-
mation, and related projects are recorded in the firms’
main strategy. Only a few of them have a separate
department for digital transformation, e.g. the firm
A. Generally, these functions are performed by the
IT-department. An absence of such a document
could be explained as a vision problem: many firms
see digitalisation mainly as a source of technological
upgrading of capital assets. Only a small number
demonstrates a high level of digitalisation and aims
for intangible resources, business process transfor-
mation, corporate culture development and servitisa-
tion. The Product as a Service (PaaS) model, however,
becomes a central part of the firm, where value is
created via related services, including predictive ana-
lytics and maintenance, monitoring of equipment,
etc. (ITIF, 2018). This leads to an increase of intangi-
ble assets, such as investments in R&D, training and
retraining of personnel, organisational innovations
(Bresnahan et al., 2002; Pilat, 2004; van Ark et al.,
2008; Bloom 2012; Corrado et al., 2014). In most
cases, digitalisation is still at the transitional stage,
which includes the integration of different systems
(ERP, MES, PLM) into a single frame, its compatibil-
ity with each other. Unsurprisingly, firms invest in
digital modelling and engineering and dedicate
a large part of digitalisation projects to the issue. The
main challenge is, thus, to secure a single digital
environment among all subsidies and departments.

Three cases show different directions chosen by
firms to reach digital transformation. The framework
of the study encompasses a set of determinants that
affect digitalisation strategies, namely, the digitalisa-
tion focus (physical or digital modernisation), invest-
ments in machinery and equipment, innovation
activity, size of a company, role in a value chain, the
current business model, cooperation with universi-
ties and scientific organisations, and the servitisation
of the business model.

Based on the determinants, two main patterns of
digitalisation of Russian machine-building compa-
nies may be distinguished (Tab. 2). The first pattern is
typical for the firm A. Due to its size, it disposes more
resources to perform in-house R&D and, particularly,
digital solutions. In terms of state support, companies
with state participation engage more in national digi-
talisation initiatives. Such players demonstrate a high
level of current digitalisation that enables to focus on
investments in intangibles, which includes software

and intellectual property. Gradually, they transformed
their business model and became service-oriented.

The second pattern pursued by firms B and C
also occurs in firms regardless of their role in the
value chain. They purchase digital solutions outside,
partly provide their R&D, and still focus more on
physical, technological upgrading issues. In doing so,
they mostly rely on proper funds. Unsurprisingly,
such cooperation with industrial research centres is
tighter, which allows obtaining specific solutions, but
its scope is still insufficient. Current activities should
ensure interoperability and connectivity across
departments.

Findings on the level of firms correlate with the
results of the survey conducted by the HSE in 2018.
According to the assessment of the industrial enter-
prises that participated in the survey, most of them
are currently developing digital strategies that cover
cutting-edge automation and integration of produc-
tion and business processes into a single system (24%
of respondents) (NRU HSE, 2019a).

Companies rely on government financial sup-
port, most of them use internal resources for techno-
logical upgrading. This article argues that state
incentives for the modernisation of manufacturing
process show a stronger demand for more complex
projects that include both physical and digital parts,
such as the instalment of new product lines for new
products, components and parts. New incentives
provided under the national program “Digital Econ-
omy” could accelerate a rate of adoption of digital
technologies and overcome the fragmentation in
supply chains, including SMEs as downward suppli-
ers.

Together with internal R&D reinforcement, there
is a substantial room for cooperation between com-
panies and research institutions that helps to mitigate
the dependence on foreign technologies. Firm
A (with state participation) is conducting R&D more
actively with scientific and research organisations. To
this end, leading Russian companies in different sec-
tors could generate a strong demand for R&D results
from research and academic institutions bringing
these innovations to the market, closing the gap in
commercialisation and facilitating an upgrade in
educational programmes. The lack of skills and digital
literacy within companies is a hurdle for business.
According to the survey, 20% of enterprises demon-
strated slow digitalisation due to the lack of experi-
ence and competences in digital technologies (NRU
HSE, 2019a). It is worth mentioning that we do not
reveal particular features of digitalisation that are
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Tab. 2. Determinants of manufacturing digitalisation of Russian machine-building companies

DETERMINANTS FIRM A

FIRM B FIRM C

Type of company
1. Very large with state participation 1 2
2. Large private

Role in a value chain

1. Diversified group of companies
2. Specialised producer of parts and
machinery

Sources of digital solutions

1. In-house development of digital solutions
2. Both alternatives 1 2
3. Acquisition outside

Main directions of the digitalisation
strategy

1. Modernisation of physical and digital
infrastructure (hardware)

2. Both alternatives

3. Servitisation model

Provenance of digital technologies
1. Adoption of domestic solutions
2. Both alternatives

3. Adoption of foreign technologies

Sources for investments in digital
technologies

1. Government support initiatives 1 2
2. Both alternatives

3. Proper resources of the company

Participation in national digital initiatives
and projects

1. Participate actively

2. Perform own research

Participation in standards development
1. Member of technical committee 1 2

2. Don’t participate

induced by sector diversity, which is consistent with
other studies, for example, the survey of the U.S.
companies (ITIF, 2018).

Knowing a company’s profile could assist policy-
makers in specifying measures that help companies
via digitalisation to develop their business, i.e., main-
tain positions for global leaders and for local leaders,
ensure foreign market entry, while for stable long-
standing players, give an impetus to strengthen their
position on the national and, in the future, in foreign
markets.

CONCLUSIONS

The transformation with digital technologies as
a driver of economic development is a recent phe-

nomenon, and thus, efficiency assessment of corpo-
rate strategies is still limited. Research efforts, such as
this one, address pathways in different economic set-
tings. This paper closes a gap in the literature as most
contributions either look at individual companies or
touch upon specific industry approaches. It also con-
tributes to the growing body of literature on technol-
ogy upgrading with
substantial state participation. This study neither
aims to provide a generalised approach to machinery
firm directions towards digitalisation nor offers policy
conclusions. On the contrary, it presents some refer-
ences and avenues for managers and decision-makers.

Based on three cases selected by purposive sam-
pling, the research identified two different patterns of
digitalisation in sectors of the machine-building
industry. State participation in a company’s owner-

in emerging economies
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ship positively affects cooperation with research and
academic institutions; however, it substantially
impacts on the choice of digital solutions developed
domestically or abroad. For the majority of Russian
machinery firms, the current strategy focuses on the
integration and compatibility of a different system of
production and business process. Only a limited
number of companies achieved a level of digitalisa-
tion comparable with global leaders and moved to
a service business model. Companies insufficiently
participate in the development of standards related to
digital technologies. At the same time, standardisa-
tion becomes a key issue in the digitalisation discus-
sion that ensures interoperability of elements and
systems.

New approaches to policymaking play an impor-
tant role in encouraging business digitalisation. Rus-
sias policymakers started a series of initiatives to
support businesses in the development of digital
technologies, to reduce the economy’s import
dependency and to open new export opportunities
for local producers. Previous analyses showed that
Russia has systemic weaknesses in its innovation sys-
tem in comparison with advanced economies. One of
these drawbacks is the notoriously low investment
into research and development by private corpora-
tions and the low level of links among actors. Conse-
quently, the newly established state initiatives aim to
consolidate efforts by industry actors and knowledge
producers as well as to provide financial support.

The variety of sector digitalisation arising from
different types of organisation, corporate and struc-
tural characteristics (Andrews et al., 2018; OECD,
2019) should be considered while developing policy
tools. Current digital initiatives should facilitate the
uptake of digital technologies as they offer a set of
mechanisms. Existing measures are not fully exploited
by firms; besides, newly introduced instruments
should ensure efficiency and long-term implications.
The recently introduced national programme “Digital
Economy” is expected to overcome existing draw-
backs and ensure inclusive opportunities for different
participants — small, medium and large firms. The
policies described in this paper focus on the close
collaboration with domestic academic and scientific
organisations, as well as on enhancing the coopera-
tion with international technology providers, both
hardware and software. The aim is to integrate differ-
ent actors in the value chains as well as upgrade pro-
duction infrastructure and research activities.

Future works could provide insights into how
such firms move towards digitalisation and which

limitations they meet on this way, namely, the meas-
urement of digitalisation effects on different aspects
(organisational, financial, technological, etc.) of cor-
porate performance.
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