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INVESTMENT MANAGEMENT OF BUSINESS DIGITAL INNOVATIONS

Abstract. 75is paper considers the issue of investment management of digital innovations in modern business.
The main purpose of the research is the development of approaches o the investment management of the innovative
digitalisation processes of the enterprises and justification of the economic efficiency of investment projects on
Innovative information technologies use in the context of their relationship with existing information solutions for
enterprise management. The relevance of the research is the necessity to change the methods of doing and managing
the modern business, taking into account the achievements of the Third and Fourth Industrial Revolutions, which form
Innovative business philosophy based on informatisation and digitalisation of manufacturing and delivery processes.
The implementation of innovative djgital technology in business processes requires significant costs and it raises the
Issue on their minimization. Systematization of literary sources and approaches for the investment management of
Inaustrial digitalisation indicates the absence of complex solutions for this problem. In this regard, based on a
comparative analysis, the authors have revealed the features of business development in the conditions of the Fourth
Inaustrial Revolution and justified the need for modern information systems integration for enterprise management on
the platform of business processes diigitalisation. In order fo create the road map of business digital innovations, it is
suggested that the Theory of Constraints should be used fo detfermine which of the operating information systems of
the enterprise (Business intelligence — Bi; Enterprise Resource Planning — ERP; Manufacturing Execution System —
MES, Industrial Infernet of Things — lloT) is fo begin the digital transformation with. The stages of the project
development for the digital transformation of an enterprise are designed based on the structural approach. The
economic justification for the selection of alternative digitalisation projects is based on an assessment of the labour
costs for implementing two variants of digital innovation of a business entity: a complex automation project with up-
front modelling and an integration auformation project with the gradual implementation of a new information system.
The assessment results have shown the economic benefits of implementing the infegration project as it provides 1.58
times fewer labour costs and can be realized by use of universal package solutions such as Business Automaton
Software (BAS). The analysis of the resulfs of the implemented business digitalisation projects in Ukraine and the
world as well as the pofential of planned ones has allowed generalising the effects of their implementation and
confirmed the need for further development of the mechanisms for the investment management of business digital
Innovations.

Keywords: automation, business, digitalisation, efficiency, greening, ERP, information technology, innovation,
investment management, project.

Introduction. The implementation of the achievements of the Third (Industry 3.0) and Fourth (Industry
4.0) Industrial Revolutions into the economic practice transforms economic and environmental systems
and makes important changes in the methods of doing and managing the modern business. Revolutionary
innovations affect businesses due to the transformation of consumer expectations, product development,
joint innovation, and new organisational forms of management (Schwab, 2016). Altogether, they are
changing the foundations of doing business, demanding the formation of new business philosophy based
on informatisation and digitalisation of the manufacturing and delivery processes. Besides, such changes
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lead to an increase in manufacturing efficiency and have a positive effect on greening and decarbonising
the national economies. The implementation of information technology (IT) into investment projects for
business digital innovations is playing a key role in this regard. At the same time, while implementing digital
solutions into the activities of business entities, there often occur issues on the investment management
of the manufacturing systems transition to new technological platforms. The issues on ensuring minimum
costs for this transition are of great relevance since such investment projects tend to be costly.

Literature Review. Nowadays, many foreign scientists (such as M. Blix (Blix, 2015), Ch. Gupta
(Gupta, 2018), L.Hounshell (Hounshell, 2018), D.Horvat, A. Jager, H.Kroll (Kroll et al., 2018),
|. Barandiaran, J. Posada, C. Toro (Posada et al., 2015), F. Bergeron, L. Raymond (Raymond et al., 2009),
M. Brettel, N. Friederichsen, M. Keller (Brettel et al., 2014), K. Schwab (Schwab, 2016 et al.) and domestic
researchers (such as V.V.Apalkova (Apal'kova, 2015), G. T. Karcheva (Karcheva et al., 2017),
S. V. Kolyadenko (Kolyadenko, 2016), O. P. Holoborod'ko, N. M. Kraus (Kraus et al., 2018), V. V. Pilinsky
(Veretyuk and Pilinsky, 2016), O. V. Prokopenko (Prokopenko et al., 2019), M. V. Rudenko (Rudenko,
2018), I. V. Tokmakova (Tokmakova et al., 2018) investigate the business digital innovations. There have
been already determined theoretical and conceptual foundations of the digitalisation development, for
example by (Kroll et al., 2018; Posada et al., 2015; Brettel et al., 2014; Apal'kova, 2015; Owmnokal
3aknapka He onpefenena.; Kraus et al., 2018; Melnyk et al., 2017; Rudenko, 2018; Tokmakova et al.,
2018). Other authors studied the factors that stimulate and impede its spreading (Blix, 2015; Hounshell,
2018; Kroll et al., 2018; Raymond et al., 2009; Karcheva et al., 2017), estimated positive and negative
consequences of its impact on the spheres of economic activity and territories (Schwab, 2016; Blix, 2015;
Kroll et al., 2018; Brettel et al., 2014; Karcheva et al., 2017; Ownbka! 3aknagka He onpenenexa.),
investigated the disclosure level of Corporate Social and Environmental Responsibility information on
Ukrainian companies' websites and its impact on the competitiveness (Hakobuan et al., 2019), as well as
made the forecasts for the digital economy deployment (Blix, 2015; Veretyuk and Pilinsky, 2016).

For example, Kolyadenko (2016) studied the conceptual approaches to the definition of «digital
economy», preconditions of its emerging and development in the world. Rudenko (2018) considers the
essence and principles of the economies’ digitalisation as well as substantiates the advantages of the
business digitalisation implementation.

Melnyk et al. (2017) argue that today any system should involve the provision of a single (‘digital’)
basis for fixing and transmitting information (for the implementation of communication between people, a
man with a machine and a machine with a machine). Goncharenko and Sotnyk (2015) point out at an
important role of informatisation and digitalisation in the transformation processes of a modern enterprise.
In this context, the authors consider the implementation of dematerialisation mechanisms in production
and consumption sectors that help to reduce both material flows and eco-destructive impact at different
hierarchical levels.

Kroll et al. (2018) differentiate between effects resulting from advanced, yet still traditional
automatisation and those resulting from a more comprehensive, systemically transformation by the
digitalisation of the production process.

Blix (2015) survey evidence of the effects of digitalisation across many different dimensions of society.
He concludes that it is expedient to study both past experience of technological change and the effects of
long-run trends, such as ageing populations and urbanization within the context of digitalisation.

Sotnyk et al. (2013), Bilan et al. (2019), Ibragimov et al. (2019, 2019a) and Rubanov et al. (2019)
investigate the ecological and economic effects of IT for the national economies development in the short
and long-run periods and propose measures to reduce negative consequences of IT implementation as
well as to enhance the positive influence of these technologies on business and public sectors.

Brettel et al. (2014) reveal reasons for the adaption and refusal of Industry 4.0 practices from a
managerial point of view.
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Apal'kova (2015) studies five dimensions of the digital entrepreneurship programme declared in the
strategic documents of the European Commission and member states as well as analyses fundamental
differences and specific elements of the digital economy development in the EU and Ukraine. On this
basis, the researcher identifies the key areas for transformation of the regulatory environment in order to
achieve the maximum efficiency and growth of the digital economy.

Using the DESI (Digital Economy and Society Index) methodology, Veretyuk and Pilinsky (2016)
formed a model of digital economy structure and estimated the technological gap between Ukraine and
European countries with the help of the cluster analysis. On this basis, the authors identified the key
measures to overcome the technological gap.

The world’s leading corporations attach great importance to the implementation of IT into the
processes of industrial manufacturing and distribution systems since such investments lead to a significant
increase in companies’ competitive advantages and customer loyalty in the market environment that is
changing rapidly. At the same time, the digital innovations in business often face the problem of aligning
existing enterprises’ information systems with new generations of digital technologies, i.e. integration of
new methods and optimization of existing management systems. In this case, the main requirement is to
ensure both the interaction of ITs and a gradual transition to a new technology platform as well as to
provide the maximal use of the existing systems for manufacturing purposes if necessary, along with
minimising their costs. As of today, the issues of investment management for industrial digital innovations
are studied partially and require further research.

Therefore, the aim of the research is to develop the approaches to the investment management of the
innovative digitalisation processes of the enterprises and to justify the economic efficiency (based on
labour approach) of the innovative investment projects for IT use in the context of the relationship with
existing information solutions on enterprise management.

Methodology and research methods. While carrying out the research, we used the comparative
analysis for determining the specific features of business development in the conditions of the Third and
Fourth Industrial Revolutions. It enabled justifying the need for integration of modern enterprise
management information systems on the business processes digitalisation platform. The theory of
constraints was applied for developing a road map of business digital transformation since unlike other
methods, it provided a reproducible cycle of digitalisation options optimization for the enterprise. In
addition, based on the current and future limitations of the company's integrated information system, which
might arise during the implementation of each digitisation project, the theory of constraints helped to
substantiate the feasibility of options’ choosing.

We considered the following two mutually exclusive research hypotheses for determining the optimal
option of the enterprise digitalisation project:

HO. Minimal changes in the enterprise information systems, which are based on the parallel
implementation of new IT and their coordination with ones existing at the enterprise, i.e. complex
automation projects with up-front modelling, provide the minimum total time and cost for their
implementation for the companies.

H1. Enterprise automation projects, which are based on IT integration and the gradual implementation
of a new information system, provide minimal total costs of time and money for firms due to minimization
of the number of human-involving operations and their replacement with machine work.

The use of the structural approach made it possible to form the project development stages for
enterprise digital transformation. The application of labour method for calculating the economic efficiency
of alternative projects for the digital transformation of business entities helped to compare the projects’
effectiveness and eliminate the possibility of errors related to discounting economic costs. We used a
hypothetical enterprise’s data formed on the basis of averaged data of Ukrainian companies of different
types of economic activity, which had implemented projects on business automation and digitisation in the
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last 3 years. The analysis and synthesis method provided summarizing the effects of the projects’
implementation for business digitalisation.

Results. Today we witness a clear evidence that the technologies, which drive the Fourth Industrial
Revolution, have a serious impact on business. In particular, there is the implementation of new
manufacturing systems that create completely new ways to meet existing consumer needs. Nowadays,
business technologies are connecting people and spreading via the devices, data and systems that form
our digital world by the Internet. Industrial Internet of Things (lloT) is the type of infrastructure that allows
businesses to cope with this evolution (Gartner, 2019).

Any product can be customized using IlloT. This means that it is able to meet the needs of a particular
consumer, for example, as it is provided by the automotive industry now, where the consumer can choose
the colour of the car, its interior trim, etc. However, instead of the rising price of products due to their
individualisation, there is a reduction in the manufacturing and marketing costs for goods and services
owing to the success of Industry 4.0. This is due to the high level of interaction between automated
production systems, which reduces manufacturing costs not only through the rational use of material and
energy resources but also labour force. The consequence of such transformations is that the factor of
affordable human resources is gradually losing its former significance for large enterprises (Deutsche
Welle, 2019). This is confirmed by the trends of returning the manufacturing of the world’s leading industrial
corporations from Asia to Europe in an effort to ensure the high quality of their products. At the same time,
the revival of such enterprises is accompanied by hiring far less number of workers than before. A striking
example is the factory producing irons of brand Rowenta owned by the Groupe SEB (France) and located
in Erbach city. In 2005, the enterprise administration, which found itself in a crisis, announced that it did
not see an alternative to move part of the manufacturing (the simplest and cheapest models) to China,
and dismissed almost 40% of the workers (215 jobs). In 2018, the enterprise returned a significant part of
manufacturing to Erbach city and hired only 15 new employees. The enterprise did not need more
employees as during the decade and a half industrial robots «learnt» to do devices that were earlier done
by a man (Again, 2019).

An integral part of the Fourth Industrial Revolution is the digitalisation processes that are determined
by Gartner (2019) as the use of digital technologies to change business models and provide new
opportunities for gaining profit and value creation. This is an evolutionary process that was observed in
various industries during some period and coincides with Industry 4.0 (Hounshell, 2018). The development
of digitalisation is accompanied by digital transformation, i.e. the integration of digital technologies in all
spheres of business activity that requires significant changes in technology, culture, operations and the
principles of creating new products and services. Therefore, enterprises should completely transform
operation processes and models for the most efficient use of new technologies and their fast
implementation in business practice.

Digital transformation requires a shift in focus to production periphery and an increase in flexibility for
data processing centres that should support that periphery. This process also means the gradual
abandonment of obsolete technologies, the maintenance of which can be expensive for enterprises, as
well as a change in culture, which should now support the acceleration of processes provided by digital
transformation (Hewlett Packard, 2019). At the same time, the entrepreneurs and enterprises’ owners
should not think for three to five years ahead, but change their business for generations to come:
implement digital systems, leading software and smart equipment in order to be able to design and test
new products in a digital environment (Zielinski, 2019).

Unlike Industry 3.0, which was aimed at the automation of manufacturing, Industry 4.0 is aimed
precisely at the digital transformation of business processes (Schwab, 2016). In this context, the Chief
digital officer (CDO) starts to play a key role in changes at enterprises. His main responsibilities are to
transform traditional operations into digital processes in order to eliminate the human role in decision-
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making as much as possible. CDO are aimed at creating new entrepreneurial opportunities, income flows
and customer service through the implementation of digital technologies. For example, PwC Strategy&
consulting practice indicates that 19 % of 2500 world’s largest public enterprises had CDO in 2017. In
Europe, this figure had reached 38% (Samuels, 2018). One of the key aspects of achieving a goal of CDO
is a necessity to build the interconnection of decisions of Business intelligence (Bl), Enterprise Resource
Planning (ERP), Manufacturing Execution System (MES) and lloT at an enterprise during the business
digital transformation. The characteristics of these systems within the enterprise are given in Table 1. All
of these systems help to increase manufacturing efficiency, but their coordination among themselves is

often a difficult task for practical implementation.

Table 1. Characteristics of modern information systems for enterprise management

Information
system

Characteristics

Business
intelligence
(BI)

Computer methods and tools for enterprises that provide the conversion of transactional
business information to the format that is suitable for business analysis, as well as tools for
work with conversed information. The tasks of Bl are as follows: 1) data clearing and
consolidation, conversion of data into a format that is convenient for analysis; 2) interpretation
of a large amount of data and highlighting key factors affecting efficiency; 3) modelling the
result of various variants of actions and tracking the results of decision-making. The main
purpose of Bl is business decision-making.

Enterprise

Resource

Planning
(ERP)

An organisational strategy for the integration of manufacturing and operations, human
resources management, financial management and assets management that is aimed at
continuous balancing and optimization of the enterprise resources using a specialized
integrated application software package, which provides a common model of data and
process for all areas of the enterprise activity. A software package that implements an ERP
strategy is usually a set of modules, the number of which may vary depending on the size
and characteristics of enterprises where the ERP system is being implemented. The standard
set of modules that can be implemented stage by stage is as follows: finance and accounting,
personnel management, warehouse, sales, customer relationship management (CRM),
procurement, supply chain management (SCM), manufacturing.

Manufacturing
Execution
System (MES)

A specialised system designed to solve the problems of synchronization, coordination,
analysis and optimization of manufacturing the enterprise product.

MES functions include: RAS (resource allocation and status); ODS (operations/detail
scheduling); DPU (dispatching production units); DOC (document control); DCA (data
collection/ acquisition); LM (labour management); QM (quality management); PM (process
management); MM (maintenance management); PTG (product tracking and genealogy); PA
(performance analysis).

Industrial
Internet of
Things (lloT)

A system of integrated computer networks and industrial (manufacturing) facilities connected
to them with built-in sensors and software for data collection and exchange, with the function
of remote control and management in an automated mode without human involvement. At the
first stage of lloT implementation, the sensors, actuators, controllers, and human-machine
interfaces are installed on industrial equipment, which makes it possible to collect information.
This allows management to receive objective and accurate data on the manufacturing. The
processed data are spread to all departments of the enterprise for establishing interaction
between employees of various departments and making informed decisions. The information
received can be used to prevent unplanned downtime, equipment breakdowns, reduction of
unscheduled maintenance and failures in supply chain management. All of this will allow the
enterprise to operate more efficiently. At the next stages of lloT implementation, the advanced
analytical platforms are used. They are designed to collect, store and analyse data on
technological processes and events and operate in real-time.

Sources: systematised by the authors based on (IT-Enterprise, 2019)
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As a rule, enterprise executives focus on the cost reduction through their initiatives in the field of ERP.
The increase in productivity, reduction of IT maintenance costs and optimization of business processes
are often the main reasons for implementing new ERP systems. At the same time, BI, reports, analytical
and information dashboards can help realize most of the advantages of ERP system. In particular, Bl
provides the formation of effective measures for managing organizational changes as in the case of any
implementation of corporate software or digital transformation (Panorama, 2016).

MES and ERP systems of manufacturers are often developed by different software vendors and speak
different languages, so the integration of these systems can become a problem. On the other hand, due
to the increase in the amount of data used to improve manufacture processes, there is observed the
increase in cross-communication and interaction between system components that in turn makes it easier
to find ways for their coordination and interaction (Lavi, 2017).

By integrating ERP and manufacturing data for more accurate demand forecasts, enterprises can
reduce inventories by avoiding overproduction. With the implementation of lloT, the manufacture is
revolutionizing by using intelligent connected devices at factories. This creates more opportunities to fine-
tune the operations with better integration of data and processes, business intelligence systems, MES and
ERP of enterprises.

According to the estimates of experts, IloT plays a key role in the integration of information systems
of enterprises. For example, with regard to the results of survey conducted by Accenture, 84% of more
than 1400 global business leaders stated that they could create new income flows by implementing lloT
solutions. The installed base of manufacturing lloT devices is expected to increase from 237 million in
2015 to 923 million in 2020 (Lavi, 2017).

Theory of Constraints (TOC) can become useful and practical tool for integration of BI, MES, ERP and
lloT systems at enterprises in order to develop the road maps of digital transformation. TOC is a
methodology for determining the most important limiting factor (i.e. limitation or bottleneck) that hampers
the achievement of a specific goal and further systematic alleviation of this limitation until it ceases to be
a limiting factor. This theory uses a scientific approach to solving manufacture problems and provides that
each complex system (including manufacturing processes) consists of many related actions. One of these
actions acts as a limitation of the entire system, i.e., it is «the weakest link in the chain» (Theory, 2019).
Thus, using this scientific approach, it is possible to justify the selection of one of the above mention
information system to be the first one in the process of digital transformation.

For example, Bl can provide information in a form of Key Performance Indicators (KPI) analysis and
Balanced Score Card (BSC) mapping. This information will help executives to manage the transformation
process. At the same time, the transition from an outdated ERP system to a new, innovative one will make
it possible to create a modern tool for the manufacture development due to the enterprise transformation
and ERP integration with existing information systems of business entity. The implementation of MES
together with lloT and the consistent integration of these processes into ERP will ensure the transfer of
information flows in both directions. In particular, a detailed manufacturing plan will be transferred from
the ERP level to MES level, and the fast response regarding the execution — from the MES level to the
ERP level. The inclusion of lloT in this contour will help to carry out the manufacturing processes of the
lower level using modern interaction technologies without human involvement (Gupta, 2018). In view of
these opportunities for the information systems integration, the necessity for the development of a digital
transformation project of the enterprise arises, which, in our opinion, should cover few stages.

At the first stage, it is advisable to determine and analyse the specific features of the information
systems operating at the enterprise and the degree of their interaction. If business entity has many
disparate information systems, the attempt to coordinate their actions will cause the occurrence of complex
integration processes. The support of these processes will require a large amount of resources. Therefore,
itis a futile decision to leave everything as it is, and just add new interconnections and thereby complicate
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the managerial decisions transmitting. In this regard, at the second stage, it is necessary to carry out a
comprehensive analysis of the role of a man in points of decision-making in the enterprise management
system. On this basis, it is advisable to compare the capabilities of various modern ERP systems, their
relationship with BI, MES and lloT, as well as assess the prospects of their integration with the electronic
document management system. This will allow to identify the manufacturing areas where human
resources can be replaced by machine ones that will significantly increase the manufacturing efficiency.
The results of this analysis will ensure the optimal use of IT in the process of digital transformation. At the
third stage, based on the results of the previous two stages, an optimization plan should be developed. Its
purpose is the digital transformation of business processes into a single enterprise management system
with involving advanced IT. It will be the beginning of the process of the enterprise complex digital
transformation. The result of this stage is the development of a package of information solutions, the
implementation of which will ensure the achievement of the goals of digitalisation of manufacturing.

The implementation of the suggested organizational approach to the development of the project for
enterprise digital transformation makes it possible to integrate innovative IT with ones existing at the
enterprise. In addition, it allows minimizing the number of operations, which involve humans, and replace
them with machine work. At the same time, many enterprises choose the parallel implementation of new
IT and their coordination with ones existing at the enterprise, i.e. complex automation projects with up-
front modelling. This is due to the effort to change the existing information systems as little as possible in
order to save time and money on employee training. In this regard, we will assess the economic efficiency
of these two variants for digital transformation of a business entity based on the labour approach
(hypotheses HO and H1). In Table 2 we present a scheme of a complex project for the automation of an
industrial enterprise using ERP system that provides the coordination of existing information processes
with new IT (with regard to hypothesis HO). According to Table 2, the implementation of such a project
lasts from 8 to 18 months.

Table 2. Scheme of a complex project for the automation of an industrial enterprise with up-front

modelling

. Human

No. Stage Result Duration resources
Beginning of a project
L Approval and purchase of a software Ownership rights for software 1-2 Prolg%jn;gtmtor

product are purchased weeks manager

2 System

Installation and initial setup of a System is configured for up- 1-2 administrator

software product front modelling weeks Consultant
Key users
3 Express survey for col!ectmg data for Express Survey Report 2-4 Consultant
the modelling weeks Key users

4 Entgnng reference data (RD) a.nd The up-front modeling started Project
adding residuals for the modelling 1-3 manager
. Consultant
Modelling baselg on Express Survey New system model months Developer
€po Key users

5 Identification of specific features of . . . Project
accounting and the implementation of Formation :;:;trgms“on project o4 manager
necessary reworks months Consultant
Preparation of user instructions and The system is ready for Developer

initial training of employees implementation Users
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Continued Table 2

6 Entering RD and adding residuals for
the implementation

The system is ready for
operational testing

Operational testing

Monitoring the readiness of the
system for industrial operation

months

Project monitor
Project manager
Consultant
Developer
Users

7 Industrial operation

System stabilization (working at functional comments)

Project monitor

3-6

Project manager
System
administrator

months

Consultant
Developer
Users

Support

Sources: developed by the authors

The project human resources include its monitor and manager, automation specialists and end users.
We estimate the labour costs for the project according to the participation coefficients of performers and
users at each stage and with the implementation deadline of 1.5 years (Table 3).

Table 3. Calculation of labour costs for the development and operating of a complex project for
the enterprise automation with up-front modelling

Participation L . Calculation of
Type of human resources coefficient Stages of project implementation labour costs
Stage 1 =2 weeks N .
Project monitor 01 Stage 6 = 3 months (0'5_+ 9) " 160701
_ =152 hours
Stage 7 = 6 months
Stage 1 =2 weeks
Stage 4 = 3 months . .
Project manager 0.2 Stage 5 = 4 months (gg : ;gé hli(r)s
Stage 6 = 3 months '
Stage 7 = 6 months
- Stage 2 = 2 weeks (0.5+6)*160 *
System Administrator 0.05 Stage 7 = 6 months 0.05 =52 hours
Stage 2 =2 weeks
Stage 3 =4 weeks
Stage 4 = 3 months (1.5+16) * 160 * 1
Consultant L Stage 5 = 4 months = 2800 hours
Stage 6 = 3 months
Stage 7 = 6 months
Stage 4 = 3 months
Stage 5 = 4 months 16*160*0.5=
Developer 05 Stage 6 = 3 months 1280 hours
Stage 7 = 6 months
Stage 2 = 2 weeks AR * 0 E =
Key users 05 Stage 3 = 4 weeks 45 162()“?3'5 =360
Stage 4 = 3 months
Stage 5 = 4 months . fE_
Users 5 Stage 6 = 3 months 13 16?10u5rs_ 10400
Stage 7 = 6 months
Total 15572 hours

Sources: developed by the authors
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To make calculation easier, we consider working week to be 40 hours, 1 month is conditionally equal
to 4 weeks or 160 hours, the participation coefficient varies from 0 to 1 (1 indicates full participation) and
is taken as a single value for a particular type of human resource.

Thus, a complex project for the enterprise automation with up-front modelling requires 15572 hours
for its implementation and operating. 30.9% (4812 hours) of the labour costs is spent on the work of the
project executors, and the rest 69.1% (10760 hours) on its different users.

Table 4 contains characteristics of the project for the automation of the same enterprise based on IT
integration and the gradual implementation of a new information system (with regard to hypothesis H1).

Table 4. Scheme of an integration project for the automation of the industrial enterprise with
gradual implementation of a new system

No. | Stage | Result |  Duraton | Human resources
Beginning of a project
Approval and purchase of a |Ownership rights for software 1-9 weeks Project monitor
software product are purchased Project manager
Installation and initial setup | The system is configured for System administrator
of a software product integration 1-2weeks Consultant
Key users
Express survey for getting Requirement list for the Consultant
composition of the , . 2 — 4 weeks Developer
) . . integration task
integration objects Key users
. . Project manager
Integration of sy§tems | Information is transferred to Consultant
accordance with the 1 -3 months
requirement lst the new system Developer
Key users
Identification of specific
features of accounting and |  Formation of automation
the implementation of project constraints
necessary reworks 2 -4 months Project manager
Preparation of user . Consultant
instructions and initial The_sysltem 1S regdy for Developer
training of employees implementation Users
Monitoring the readiness of
Operational testing the system for industrial 1 month
operation
Industrial operation Project manager
System stabilization (working at functional comments) System administrator
3 — 6 months Consultant
Developer
Users
Support

Sources: developed by the authors

Table 4 shows that the implementation of such project lasts from 8 up to 16 months and requires the
same types of human resources. Let us calculate the labour costs for this project with the implementation
deadline of 1.3 years under the terms of the first project calculation (Table 5).

Thus, the implementation of the integrated project for automation requires 9860 hours. Itis 1.58 times
less than for the complex project with up-front modelling. However, the labour costs for the executors of
the integration project make 5640 hours (57.2%), and users — 4220 hours (42.8%). Therefore, during the
integration project implementation, a structural reallocation of labour costs takes place. It occurs through
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increasing the share of time spent by project executors and reduction of the share of user costs, i.e. this
project reallocates resources towards technical means of implementing and using modern digital
transformation solutions that reduces the end-users participation.

Table 5. Calculation of labour costs for the development and operating of an integration project
for the enterprise automation using ERP-system
Type of human Participation Stages of project
resources coefficient implementation
Stage 1 =2 weeks
Stage 7 = 6 months
Stage 1 =2 weeks
Stage 4 = 3 months
Project manager 0.2 Stage 5 = 4 months (0.5 +14)* 160 * 0.2 = 464 hours
Stage 6 = 1 month
Stage 7 = 6 months
Stage 2 =2 weeks
Stage 7 = 6 months
Stage 2 =2 weeks
Stage 3 = 4 weeks
Stage 4 = 3 months
Stage 5 = 4 months
Stage 6 = 1 month
Stage 7 = 6 months
Stage 4 = 3 months
Stage 5 = 4 months
Stage 6 = 1 month
Stage 7 = 6 months
Stage 2 =2 weeks
Key users 05 Stage 3 = 4 weeks 4,5*160 * 0.5 = 360 hours
Stage 4 = 3 months
Stage 5 = 4 months
Users 3 Stage 6 = 1 month 11*160 * 3 = 5280 hours
Stage 7 = 6 months
Total 9860 hours
Sources: developed by the authors

Calculation of labour costs

Project monitor 0.1 (0.5+6)* 160 * 0.1 = 104 hours

System administrator 0.05 (0.5+6) * 160 * 0.05 = 52 hours

Consultant 1 (1.5+14)* 160 * 1 = 2480 hours

Developer 05 14 *160 * 0.5 = 1120 hours

The above calculations demonstrate the economic feasibility of implementing integration projects for
digitalisation compared to the projects for the parallel implementation of new IT and their coordination with
information systems existing at enterprises. Thus, we proved the correctness of hypothesis H1 and
rejected hypothesis HO.

It should be noted that the complexity of the manufacturing relationships of industrial enterprises,
industry-specific features, the scale of manufacture, the existing material and technical base as well as
many other factors of the internal and external environment make it necessary to apply an individual
approach to the digital transformation of enterprises. However, there are universal solutions that can be
adapted to the specific features of particular business entities. One of such integrated application solutions
is Business Automation Software (BAS), which has been actively implementing in Ukraine since the
beginning of 2018. BAS offers three main systems for industrial enterprises, which are as follows:

1) BAS ERP, which is an innovative solution for building complex information systems for management
of diversified enterprises;
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2) BAS Document management CORP, which is a modern cross-functional solution for management
of business processes and collaboration of employees;

3) BAS Holding management, which is a high-tech solution for tasks automation that is relevant to a
group of enterprises, i.e. a big business (BAS, 2019).

The characteristics of each component of BAS solutions is given in Table 6. In terms of digital
transformation, all three solutions are interconnected by means of data exchange and seamless
integration, which allows implementing these systems at enterprises with great efficiency. One of the
significant advantages of BAS solutions is their module building. It provides high flexibility and adaptation
of these systems to the conditions of particular manufacturing.

Table 6. Characteristics of a set of BAS solutions for an industrial enterprise

BAS Solution Characteristics
It covers the main contours of management and accounting, that allows organising a unified
information system for managing various aspects of the enterprise activity, namely:
1)  financial management;
2)  budgeting;
3)  monitoring and analysis of the enterprise performance indicators;
4)  regulatory accounting;
5)  personnel management and payroll;
BAS ERP 6) production management;
7)  costs management and prime cost calculation;
8) repair management;
9) sales management;
10) customer relationship management;
11) procurement management;
12) warehouse and inventory management.
Altogether it solves a wide range of tasks of document accounting automation, employee
interaction, control and analysis of performance discipline and covers the sections as follows:
1) compliance with Ukrainian legislation;
2) document management;
3)  business processes and user work;
BAS Document | 4) project management;
management 5) organisation of activities;
CORP 6) ease of work for every day;
7) search;
8)  accounting of working hours and control of performance;
9) organisation of a distributed database;
10) data exchange with other typical configurations;
11) web-services for working with files.
It covers the main contours of the management and fiscal accounting of the holding, namely:
1) budgeting;
2)  investment projects;
3) limitation and «payment factory»;
BAS Holding 4) centraliz_ed procurement management anq cgntract r_nanag_emer;t; .
Management 5)  accounting and reporting in compliance with international financial reporting standards;
6) integration capabilities;
7)  universal processes;
8)  universal financial reporting;
9)  risk management tools;
10) business analysis.

Sources: systematised by the authors based on (BAS, 2019)
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Therefore, each enterprise can choose only a certain list of system components to be used, and not
waste time and money on other unnecessary modules. As information needs change, enterprises can
change and supplement the set of «working» modules, improving the management information base.
However, the disadvantage of BAS, as well as other similar systems, is that these solutions require not
only a certain time for their implementation and employees training, but also significant investments. Small
enterprises not always can afford it.

However, for medium and large-scale business, the implementation of information management
systems is an economically viable investment. For example, thanks to the digitalisation, E.O.N. company
managed to reduce specific operating costs, caused by unstable network operation, by 50% over 10 years
(in Italy) and improve the quality of services by 60% (SAIDI) (in Romania). The successes have inspired
the corporation for further investments in the amount of 4.7 billion euro into digitalisation of its business in
2018-2020. Duke Energy Corporation saved 31.5 million USD on repairs over three years by connecting
30,000 sensors at 50 of its power stations. Ukraine also has experience of investing in the digital
transformation of enterprises. For instance, one of the largest Ukrainian energy companies, DTEK, plans
to spend 350 million UAH on digitalisation of its business on 9 directions in 2019. In particular, it is planned
to implement the Digital Mine project, which provides the implementation of LTE wireless communication
in the underground and ground parts of mines for the exchange of data between sensors, automation
devices, controllers and server equipment. This will allow not only better control of coal mining processes,
but also increase in the safety level of miners and reduction of the number of accidents. The project «Digital
walkdownsy consists of developing a mobile application for staff with the functionality of digital issuing of
work orders, digital measurements of the main technological parameters of equipment as well as repair
guidelines. In addition, it is planned to integrate these processes with the existing equipment base, its life
cycle history and basic analytics, which will make it possible to use the equipment more efficiently and
prevent its emergency stops (DTEK, 2019).

In general, based on the experience of world’s leading corporations which implement the digitalisation
projects, the main effects of these measures can be as follows (Kroll et al., 2018; Posada et al., 2015;
Raymond et al., 2009; Brettel et al., 2014; Rudenko, 2018):

— reduction of the duration of products manufacturing cycles, increase in product quality while
reducing manufacturing costs;

— opportunity to perform work in an aggressive work environment using robots;

— growth of opportunities for virtual modelling and simulation of manufacturing processes and
situations, which causes the increase in flexibility in manufacturing;

— opportunity to collect, process and visualize information on the planning of manufacturing systems,
product design and its changes during the life cycle with the corresponding changes in manufacturing
systems;

— expanding opportunities for optimization of the logistics systems, products customization, instant
coordination of material flows with changes in consumer demand for goods and services;

— expanding the interaction of consumers, manufacturers and suppliers at the stages of products
manufacturing and consumption, which leads to the increase in efficiency of the resources use;

— increase in labour efficiency at enterprises, more rational use of working time, increased ability of
the companies to launch new products to the market;

— monitoring the equipment operation, the widespread implementation of preventive maintenance,
reducing equipment downtime, decreasing the loss of working time, reducing the number of accidents and
their negative consequences, etc.

Achievement of the above-mentioned effects ensures the strengthening of enterprise positions in the
domestic and international markets, revenue growth even in conditions of fierce competition.
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Conclusions. Overall, digital innovations in business are extremely promising in terms of reducing
production costs and obtaining unique competitive advantages for business entities. It provides completely
new opportunities for entrepreneurial activities by changing the requirements for the manufacturing
environment, the product itself, its distribution channels, criteria for assessing the efficiency of
manufacturing systems, etc. On the other hand, digitalisation processes are long-term and need constant
support and improvement. In addition, they require significant expenditures of time and money, and,
consequently, well-considered approaches to their investment management. Due to the current
challenges of the information society that industrial enterprises face, it is advisable to implement
investment projects for the digital transformation of companies based on the integration of existing
enterprise information systems with modern package solutions such as BAS. At the same time, each
investment project of this kind requires a thorough economic justification in order to form adequate
mechanisms for transformation management to enhance their positive effects and reduce negative
consequences. The development of these mechanisms is the subject of further research in this direction.
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IHBeCTULHMIA MeHeaXMeHT L poBMX iHHOBaLiN GisHecy

Y crari po3rnsaarTecs mMTanHs IHBECTULITHOrO MEHELXMEHTY LNGBPOBUX [HHOBALIIV cy4acHoro bisHecy. OCHOBHOK METOK
JOCTTIKEHHS € PO3POONIEHHS MIAXOAIB [0 IHBECTULIIHOIO MEHEAXMEHTY [HHOBALIIHNX MPOLECIB LngpoBI3ali Komnaxii 1a
OOIDYHTYBAHHS EKOHOMIYHOI €QEKTUBHOCTI [HBECTULITHNX MPOEKTIB 3 BUKOPUCTAHHS IHHOBALIHNX IHGODMALIIHNX TEXHOMOM ¥
KOHTEKCTI iX B3AEMO3BAIKY 3 ICHYIOYMMU [HEODMALIIIHUMN DILIEHHIMI YIPABIIHHS AMPUEMCTBAM. AKTYATIbHICTS JOCITIIKEHHS
110115I1G€ Y HEOOXAHOCTI 3MiHV METOLIB BEJEHHS I YIDAaBITIHHS Cyyactnm GI3HECOM 3 ypaxyBaHHIM JOocarHeHs Tpersoi ta Yerseproi
TIDOMVCIIOBUX DEBOITIOLYIN, SIKI QPOPMYIOTb IHHOBALIVTHY Bi3Hec-@inocogito, 3acHoBaHy Ha IHgopmaTalii Ta ungposisalyii npoyecis
BUPOOKAMYTBA | IOCTAYaHHS MPOAYKYIL. IMIIeMeHTaLIs IHHOBALINHUX LM@POBIUX TEXHOOMA y BIZHEC-NPOLEcH BUMAIae SHaYHuX
BUTPAT, LYO AKTYAII3YE TUTAHHS iX MiHimi3aLli. CucTemaTnalyis IITEPATYDHUX KEPEST Ta AXO4IB [0 IHBECTULIIIHOrO MEHELKMEHTY
IDOMUCIIOBOI YUNGHPOBI3ALIT BUSBIITIA BIICYTHICTE KOMILIEKCHUX DILLEHD LiEi mpobriemy. Y 3B'93Ky 3 LM, Ha OCHOBI IODIBHSILHOIO
aHasi3y asropamu BUSBIIEHO OCOBIMBOCTI po3BUTKY bisHecy B ymoBax Yerseproi mpomwcrioBoi peBosmoyii i obrpyHTOBaHO
HEOBX(AHICTb IHTErpaLlli Cy4acHnx IH@OPMALIIIHNX CHCTEM YIDABITIHHS JISTIbHICTIO MAMPUEMCTB Ha NaTg@opmi ungposisayii biaHec-
IDOLECIB. 3 METOK CTBOPEHHS KaPTH LINQBPOBUX IHHOBALIIVE BISHECY 3aIPOMOHOBAHO 3aCTOCOBYBATH TEOPI0 OOMEXEHS CHCTEMMY, IO
LO03BO/ISE BUHAYHTH, 3 SIKOI 3 QOYHKLIIOHYIOYMX HGODMALIVIHNX cucTem mifrpuemcTaa (bisHec-aHarnimka, Business intelligence — Bl;
cucTemMa nnaKyBaHHs pecypcis mignpuemctsa, Enterprise Resource Planning — ERP: cuctema yrpasiiiHHs BUPOOHHMMH
rnpoyecamu, Manufacturing Execution System — MES; [pomwcrioBmi InTepHer peved, Industrial Internet of Things — lloT) Bapro
posroqat yugpoBy TpaHc@opmalii. Ha micTaBl BUKOPHCTAHHS CTOYKTYPHOIO AX04Y Y CTATTI CQoOPMOBAHO ETaI PO3POBIIEHHS
TIDOEKTY LNGHPOBOI TPaHCGOopMaLli KoMraHii. EKOHOMIYHE OOTDyHTYBaHHS BUOODY Takux allbTEPHATUBHUX TPOEKTIB BUKOHAHO Ha
OCHOBI OLjiHKW TRYAOBUX BUTPAT HA pearisalyixo JBOX BAPIAHTIB LMGBPOBOI IHHOBALII Cyb EKTa roCmOqapoBaKHS. KOMIIEKCHOIO
IDOEKTY aBTOMATU3ALYII’ 3 MIONEPEAHIM MOLETTIOBAHHAM T4 IHTEIPAaLIIIHOrO MPOeKTy aBToMam3aLlli 3 MOCTYIIOBUM BIIDOBALKEHHIM
HOBOI IHGpopMaLIiHOI cucTemu. Pe3ysibTaTn OLiHKN 3aCBIAYNTH EKOHOMIYHI MEPEBAVI IMIIEMEHTALI] IHTEIPALIIIHOrO MPOEKTY, 1O
3abesnevye B 1,58 pasu MeHLIe TPYyLOBUTDAT [ MOXe 6YTu DEarli30BaHM I3 BUKOPUCTAHHSM YHIBEPCAITbHUX TAKETHUX DILLEHS TUITY
Business Automaton Software (BAS). AHaris pesyribTaris BrpOBaLXeEHNX | IOTEHLIATY 3aInaHOBaHNX MPOEKTIB LNgpoBIsaLi
bisHecy B YkpaiHi 1a CBITi JO3BOSMNB y3araribHUTH eqexTy Big iX iMnmeMeHTayii i maTBepamns HeOOX(AHICTb MOJATIbLIOMO POIBUTKY
MEXEHIIMIB [HBECTULIIVIHOrO MEHELKMEHTY LNQPOBUX IHHOBALIN Y KOMIIAHISIX.
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