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Intellectual product as factor of economic growth
Boris Lavrovskii
Novosibirsk State Technical University;
The Institute of Economics and Industrial Engineering within the Siberian Branch of the Russian Academy of Sciences
E-mail: boris.lavrovski@gmail.com
Abstract The paper deals with changing roles of economic growth sources in the context of historic development, attempting to determine
factors adequate to modern requirements. Four stages of civilization process development are identified, each with a specific combination of
growth sources. The paper puts forward a theoretical thesis formulated on the basis of American statistical data. The thesis stating that in
the modern industrial-informational economy one of the coordinate axes of growth factor space represents physical and another one –
intellectual capital, has received some empirical validation. It has been demonstrated that significant build-up of intellectual product share
in production investments in 1983 – 2003 laid down the grounds for unit investment stabilization, thus, accelerating the average annual
labor productivity growth rate. A modest growth of intellectual product in 2004 – 2016 proved inadequate to counter a marked growth in
demand for capital.
KEYWORDS: ECONOMIC GROWTH, HETEROGENEITY OF ECONOMIC SPACE, INDUSTRIALIZATION, SECOND INDUSTRY,
INTELLECTUAL PRODUCT, MACHINE PRODUCTION.
The third stage is industrial, when machine production of mass
goods dominates the real sector having actually replaced all other
types. Reproductive process clearly splits into two different but
interconnected phases (stages): the stage of ongoing production and
investment stage of renewal (reconstruction) of production
machinery on another technological basis. The limits of production
scale depend exclusively on machinery capacity (existing tools of
labor) at the disposal of qualified workers. Capital can hardly be
replaced by labor. Investment activity is a necessary condition of
economic growth in the sense that it:
- frees up workers from actual production;
- creates new jobs with a labor productivity level equal to
or higher than existing ones.
Labor productivity becomes a derivative of industrial technology
capacity, it ―stays such to the extent that it acts as a productive force
of capital …‖[8]. Direct management of production process remains
the man’s prerogative.
At this stage:
1. The coordinates in the space of growth factors are
parameters of capital and its technical-economic
specifications.
2. Growth of labor productivity (due to an increase in
capital per labor ratio and (or) an increase in the quality
of investments) is the only source of escalated
production.
3. For the most part, growing labor productivity is
accompanied by growing capital per labor ratio.
4. Additional labor resourcees perse (not backed by spare
capacity) when they are not connected with additional
capital do not generate GDP growth.
5. Lack of labor supply relative to increase of capital leads
tounder-utilization of capacity and brake up of economic
development.
The industrial stage of development in its basic features seems
to have taken shape by the 1930-s – 1950-s.
By the end of the XX century the industrial economy
transformed into industrial-informational one. The intellectual
capital starts playing a more decisive role as a factor of economic
growth. The next attribute may be deemed operational for initial
understanding the nature of intellectual capital; the more you have
it, the less physical (and total) capital is required to reach a certain
level of production. Technological paradigms getting intellectually
richer, more economically effective, socially and ecologically more
acceptable, systematically replace one another. In this sense there is
no postindustrial economy, there is only different notion of industry
and its outlook.2
The R&D sector that includes the fundamental sciences hapesupas
the second a (intellectual) industry. The new equipment, devices
and materials are created (by the intellectual class) with presetfeatures that do not result from random discoveries arising
spontaneously and sporadically as it used to be but are more and

Statement of purpose
The range of factors that determine economic growth is
not homogeneous as they change their characteristic features in time
depending on progress of civilization in its economic dimension.
The heterogeneous range of growth factors is based on structural
changes affecting the role of each of them in bringing about
economic growth. In simple words, the meaning of each source of
macroeconomic growth radically changes depending on historic
conditions.
When studying economic processes over a long-term
perspective, the task should be to reveal values of growth factors
adequate to current circumstances and determine correspondence
between tools and objects of research, more precisely – the role of
man in managing production. Its resolution presumes appraising the
evolution of research field from a particular standpoint as well as
formulating a criterion for constructing and classifying this field’s
principal structural features.

Heterogeneity of economic space
The gist of this part of report is reformulating some conclusions
from the known concept of Alvin Toffler1as well as works of his
predecessor D. Bell[1,2] in a short form applied to the theory of
economic growth[3-6].
The civilization progress is accompanied by fundamental
shifts in correlation of manual labor and machine fabrication.
According to the classic concept, ―economic époques differ not in
what they produce but in how they produce…‖[7]. There is a mark
that separates developmentstages of civilization process. This mark
shall denote a degree of rooting of industrial methods of production
(industrialization), alternative to manual labor. According to this
introduced feature it is possible to distinguish four development
stages with each having a unique combination of growth factors.
The first stage is preindustrial. Production volume hereis
mostly restricted by two growth factors: the number of worker sand
their professional skills, craftsmanshipand know-how. If labor
productivity grows, it is extremely slow. The preindustrial stage
ended when the first industrial revolution began and manual labor
was massively replaced by machine operation, manufacture– by
factory (end of XVIII– beginning of XIX century).
The second stage of civilization process is transition from
preindustrial to industrial. The spatial coordinates of this stage in
terms of growth factors are labor and cap ital parameters. Each of
these factors generates growth in the following aspects:
-higher output of products and services over time is possible only
with more labor resources;
-labor productivity growth is mostly made possible through higher
ratio of capital to labor.
The same volume of output may be achieved with various
ratios of capital to labor.
1

The mankind development has three stages (waves) — agricultural,
industrial and postindustrial.

2

We are talking specifically about the economy, not the society.
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more the results of intentional planning, weighted risk resource
distribution; innovation is getting on stream.
Direct management of production process is mostly take
noverbyartificial intellect. This is the principal difference from the
previous stage.
At this stage:
1. One of the axes of coordinates of growth factor space
represents physical, the other one – intellectual
capital.
2. Production growth may take place with afalling
(stable) volume of physical capital due to its growing
intellectual capabilities.
3. Rising labor productivity is not necessarily followed
by higher capital-labor ratio.
The results of investment activity mostly depend on how
intensively the second industry develops and shapes its intellectual
baggage. In that respect, searching for the rational GDP growth rate
in evit ably leads up to the question in the vein of P. Roamer’s
ideas [5]concerning optimal distribution of resources at the macro
level between the first and the second industries.
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Illustrating the approach through the USA case

The
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parameter denotes the need of investment

(capital) to raise labor productivity by unit of intensity; it answers
the question about how many dollars of production investment it
takes over a period of time to equip one workplace in order to raise
the employee’s labor productivity by one unit over the whole
period. Furtheron, for the sake of simplicity we shall refer to the

Let us assume that factors that determine economic growth on
behalf of demand include the following parameters: rate of saving,
unit capital requirement, and intellectual content of investment. We
shall illustrate the proposed approach on the example of the USA in
the mid 1950-s. The rate of accumulation here varied slightly and
could hardly have determined transformation of trends. Let us
analyze the connection between the remaining variables.
On the operational level the correlation between the values of labor
productivity and capital-labor ratio
may be calculated by
connecting investment into an average workplace with a growth of
labor productivity of the corresponding employee:

dimensionless parameter

E

1,

as ―normalized investment‖ or

―the need for capital‖.
The data concerning the dynamics of labor productivity
and normalized investment for the USA is shown in Fig. 1.
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Fig.1.Dynamics of cumulative indicators of labor productivity and normalized investment in 2009 prices, with 1950 as base.
Source: calculated with data [9].
The almost mirror-like reflection of the curves leads us to
assume that there is are inverse dependence between the need for
capital and productivity growth rates. In its turn, it is safe to assume
that a factor, which determines the need for capital, is the
intellectual component of production investment.
The analysis testifies that starting from the mid 1950-s the
dominant trend consists in growth of both the intellectual

component of investment and the cumulative value of the

E

1,

parameter. Their integral impact determines the dynamics of labor
productivity. This being said, not all kinds of intellectual product
growth are sufficient to withstand the fundamental trend towards
rising normalized investment and thereby falling rates of
productivity growth (Table 1).
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Table 1. Dynamics of labor productivity and parameters of its generation over periods
Constant base
Variable base
19511951195119511951196619831965
1982
2003
2016
1965
1982
2003
Average annual growth 2,8
1,9
1,9
1,7
2,8
1,1
1,8
rates
of
labor
productivity, %
Value of E parameter
4,1
7,0
8,0
9,8
4,1
11,2
8,0
Base
Periods

Growth of intellectual
product
share
in
production investment,
annual average, p.p.

0,74

0,35

0,43

0,37

Source: calculated with data [9].
In the period of 1966-1982 the share of intellectual
product in production investment remained largely unchanged. As
aconsequence, the parameter E increased dramatically – from 4.1 in
1951-1965 up to 11.2 in 1966-1982and thereby the average annual
growth rates of labor productivity went down (2.8% and 1.1%,
respectively). Substantially higher share of intellectual product in
production investments in 1983-2003 (0.48 p.p. on average per
annum) created the conditions forreduc in the E parameter to 8.0
and raising the average annual growth rates of labor productivity up
to 1.8%. Modest growth of intellectual product in2004-2016 turned
out to be inadequate to counter a rising demand for capital. The
dynamics of productivity went slack once again.

7.
8.
9.

Conclusion
The factors that determine economic growth and that are
adequate to the current conditions are considered to be physical and
intellectual capital. Innovative activities, higher content of
intellectual component within production investments counter
countered by the fundamental trend for capital intensity growth.
Cumulative average annual growth rates of productivity in the USA
in1983-2003 became stable due to a much higher intellectual
component of investment in that period (info-communication boom)
and this helped reduce the (unit) capital needs. In recent years, the
insufficiently redistribution of resources in favor of the second
industry (relative to the previous period) seems to be the basis for a
slowdown in productivity dynamics.

The paper is written with support of The Russian
Foundation for Basic Research, project #19-010-00604.
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Measuring of the innovative potential of human resources
Kuznetsova Natalia Viktorovna1, Olga Vladimirovna Ganaza2, Konovalov Yuri Vasilievich3
Novosibirsk State Technical University, Novosibirsk, Russian Federation1
Angarsk State Technical University, Angarsk, Russian Federation2
Baikal State University, Irkutsk, Russian Federation3
toch_map@rambler.ru, yrvaskon@mail.ru, ganaza-ov@mail.ru
Abstract: This paper provides an overview of theoretical approaches and methods used to assess the innovative potential of human resources
and identification of the key elements and conditions for development of the innovative potential. We suggest indicators to measure the
innovative potential assessment which include assessment of opportunities that the external environment provides for implementation of the
innovative potential, the effectiveness of implementation of the innovative potential, and the resources available for innovation. The
following conditions for development of the innovative potential of human resources were identified: ethical norms and values existing in the
society that support the drive to the unknown and a hard work based on the creative approach, a system of continuous education and
propagation of innovative activities in the society, a high level of income and a high quality of life, an open and non-conservative social
environment.
Keywords: INNOVATIONS, THE INNOVATIVE POTENTIAL, HUMAN RESOURCES, ASSESSMENT OF THE INNOVATIVE POTENTIAL,
CRITERIA FOR ASSESSMENT OF THE INNOVATIVE POTENTIAL
Knowledge Economy Index, developed as part of the Knowledge
for Development Program. These indices directly show both the
ability for human potential development and the ability to adopt and
accumulate new knowledge.

1. Introduction
Multiple scientific approaches adopted by researchers in Russia
and other countries to assess the innovative potential of a country,
region, or organization are ultimately based on evaluation of the
innovative potential of human resources, including their
motivational readiness for innovative activities, innovative mobility,
and the ability to go beyond the stereotypical behaviour, learn new
things, etc. At the same time, up to now, no measures of the
innovative potential of a person identified by researchers, have been
scientifically proven.

In addition to comprehensive assessment methods, some
specific parameters characterizing the innovative potential of
human resources were investigated. For example, the number of
resident patent applications per million population is used as the
general indicator of the innovation activity. This indicator is used
by the European Patent Office, as well as the United States Patent
and Trade Mark Office. In addition, to complete assessment of the
implementation outcome of the innovative potential, the
productivity of innovative labor can be measured, which is
expressed as the volume of innovative goods (work, services) per
one employed person [5], as well as the effectiveness of the
innovation process [4].

2. Materials and Methods
The theoretical background of the study and the methods of
investigation arise from the basic research works published by
domestic and foreign scientists and economists in the field of
intellectual and human capital, regional economy, and the concept
of national innovation systems.

The key disadvantages of the above approaches to assessment
of the innovative potential of human resources include the
following:

The study database includes official data on the innovation
activity of the population and the development of innovations
published in official literature sources on statistics and posted on the
Internet. In addition, the data analysed included results of two
sociological surveys (conducted in 2013 and 2018) enrolling people
employed in Irkutsk Region. Sample size: in 2013, 452 wage
workers (quota sampling, quotas for gender and age), in 2018 - 488
wage workers. The study used the following basic research
methods: monographic study approach, statistical analysis, abstract
reasoning and logical approach, content analysis.

 lack of unified accounting static indicators of assessment
among these methods;
 lack of a unified terminology leading to different naming
of indicators having the same content;
 most methods use very field-specific indicators that are
difficult to interpret when solving other problems;
 lack of an unbiased method for assessment of the
innovative potential at various levels of management:
individual, group, enterprise, region, country.

3. Challenges of assessing the innovative potential
of human resources and discussion of possible
solutions

The inconsistency of different conceptual approaches to
assessment of the innovative potential of human resources
complicates the development of a unified assessment method.

Multiple general and specific theoretical models and concepts
are used to assess the innovative potential of human resources.
These include international methods for assessing the innovative
development of the economy (International Innovation Index
produced by the Boston Consulting Group, Global Innovation
Index, Global Competitiveness Index of the World Economic
Forum, ICT-Development Index, Environmental Performance
Index), and methods used in Russia (the National intellectual
potential index suggested by S. Yudina and G. Sharifullina [6],
Intellectual potential index calculated as proposed by the research
group of the Faculty of Economics of the Lomonosov Moscow
State University; modified Richard Florida's Global Creativity
Index adapted by Pilyasov A. and Kolesnikova O. to assess the
creativity of a country's economy [3]).

Based on the results of analysis of methods and approaches
used by domestic and foreign scientists to assess the innovative
potential of human resources, the following indicators of the
innovative potential of human resources can be listed, which
include assessment of opportunities that the external environment
provides for implementation of the innovative potential, the
effectiveness of implementation of the innovative potential, and the
resources available for innovation (see Table 1).
Table 1: Main indicators of the innovative potential of human resources.
Elements of the Indicators used to measure
The main trends in the
innovative
the innovative potential of economic development that
potential of
human resources
determine the need for
human resources
assessment
Characteristics of resources available for innovations
Occupation
The number of people
Changes in the class
(expertise),
engaged in research and
structure of society directly
which can be
development (super-active
result from the

The most popular globally accepted tools for assessing human
resources include the Human Development Index, as well as the
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Elements of the
innovative
potential of
human resources
referred to the
Creative Class

Sector of
employment

Indicators used to measure
the innovative potential of
human resources
core of the Creative Class)
The number of researchers
per 10 thousand employees
Creative class share as a
percentage of total workforce
employment

The main trends in the
economic development that
determine the need for
assessment
predominance of
knowledge-intensive sectors
in the economy, where
highly skilled professionals
are required. An increasing
proportion of white-collar
workers, decreasing
proportion of job offers
demanding low and medium
qualification levels.
Involving more researchers
in the process of generation
of innovations by inspiring
professionals in education,
science.
Provision of personnel for
"pioneers of breakthrough
technologies" - enterprises
in the high-tech services
sectors.

Elements of the Indicators used to measure
The main trends in the
innovative
the innovative potential of economic development that
potential of
human resources
determine the need for
human resources
assessment
highly skilled
number of scientists.
researchers.
professionals
The number of researchers Development of framework
working abroad.
programs that transfer
The share of highly skilled
knowledge to less
foreign professionals in the
developed regions of the
total number of migrants.
country.
High mobility of highly
skilled professionals.
Effectiveness of the innovative potential implementation
Effectiveness of The innovation sectors' gross Prerequisites for innovative
innovation and
value added (in % of the development include a high
research
gross domestic product,
quality of scientific
activities
GDP)
research, significant costs of
The index of inventive
the company and the
activity (number of domestic government for innovative
patent applications for
development,
inventions per 10 thousand implementation of patents,
people)
etc.
Internal expenditure (R&D)
on Scientific Research and
Technological
Effectiveness of The share of graduates of A concept of the long-term
educational
vocational education and
social and economic
activities
training institutions working development of the Russian
in their specialty for at least 3 Federation for the period
years from the total number until 2020 is inextricably
of graduates.
linked with the development
Number of universities
of an advanced human
among the top 200
capital. This development is
universities, according to
promoted by the target
Quacquarelli Symonds (QS) indicators of the quality of
World University Rankings education in the Russian
The share of the higher
Federation.
education sector in domestic
research and development
costs
Public expenditures on
education (in % of the gross
domestic product, GDP).

The number of employees in
the high-tech services sector
as a percent of the total
number of employees.
The number of employees in
medium and high-tech
industries.
Gender, age
The number and proportion Enhancing gender equality
of academic personnel in
in all areas of science.
different age categories.
Increasing the number of
The average age of
researchers at the age of
researchers
creative growth (25-30
The number of male and
years).
female researchers.
Education
The share of people in the A high level of education is
population with a university a necessary prerequisite for
degree.
the creation of an innovative
The share of people in the
economy. Widespread
population engaged in the fostering of the demand for
continuing education.
continuous training and selfThe share of university
directed learning. In
graduates with degrees in
addition to some narrowscience and high technology focused skills, meta-skills
in the total number of
come to the fore, such as
graduates.
self-determination, targetThe percentages of people
setting skills, time
engaged in creative activities management and others.
at different levels of
professional education.
The share of students
participating in Olympiads
and competitions of different
levels.
Opportunities provided by the external environment for implementation of
the innovative potential
Social and
Human Development Index
The main goal of the
economic
(with health, life expectancy,
development of the
opportunities for
per capita income subinnovative potential is to
implementation
indexes, etc.)
expand the opportunities for
of the innovative The ratio of the average
people to become selfpotential
monthly nominal accrued
fulfilled, to develop equal
wage in the education sector
opportunities for all
to the average monthly
members of society.
nominal accrued wage in the Growing importance of
Russian Federation in
labor relations involving
general.
labor market minorities
(women, youth, people with
disabilities, etc.).
Availability of
The share of households
The developed ability of a
information and having Internet access from a
person to work with
communication personal computer in the total information infrastructure,
technologies
number of households.
which is inextricably
Country's place in the
connected with access to the
international ranking on ICT Internet, allows a person to
Development Index ranking.
get instant access to
information and increases
the density of interpersonal
and intergroup
communications
Mobility of
The share of researchers
Organization of an
researchers,
studying abroad in the total international exchange of

Thus, the level of development of the innovative potential of
human resources is determined by a set of specific criteria defined
by variables that are measurable and accountable.
According to the above conceptual definitions, the innovative
potential of human resources can be represented as a measure of the
ability and readiness to adopt new information, put forward new
competitive ideas, use and improve your professional knowledge
for practical implementation of innovations.
Resources available for the innovative potential include the
following system-forming components:
 creative, the ability to put forward new ideas;
 scientific, the ability to use and improve professional
knowledge;
 social, the ability to positively critically perceive new
information, due to tolerance to the opinions of others.
Assessment of opportunities provided by the external
environment for implementation of the innovative potential of
human resources, includes analysis of social and economic
opportunities, investigation of availability of information and
communication technologies, investigation of the mobility of
researchers and highly skilled professionals.
The effectiveness of the innovative potential implementation
should consider two aspects: the effectiveness of innovative and
research activities and the effectiveness of educational activities.
As a result, the innovative potential can be structured into the
resource components and the resulting components that reflect the
result of implementation of available resources, i.e. the achieved
level of development of the innovative potential.
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Table 2: Evaluation of conditions created for implementation of the
innovative potential depending on the occupation of the respondents.

4. Assessment of conditions for promotion of the
innovative potential of employees (the study sample
includes people employed in the Irkutsk region)

Evaluation of
conditions

Currently, the social significance of the promotion of the
innovative potential in Russian citizens has been duly
acknowledged at all levels of government and by different public
institutions.

Good
Moderate
Bad

In order to assess conditions available for the development of
the innovative potential of human resources, that have been created
in the society over the past five years, both in the population in
general and in different social and demographic groups, a regional
population survey was conducted.
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In addition, as has been proved above, white collar workers
should be considered a primary object of the study, as they
represent the most dynamic and development-oriented social group
directly involved in the innovation process.

The sociological study included two surveys of representative
samples conducted in 2013 and 2018. Quota sampling method was
used. The variables controlled for with quotas included gender and
age. For the study, 500 questionnaires from professionals were
received, which were subjected to preliminary analysis. During
processing, all incomplete or not properly completed questionnaires
were rejected, and the sample was processed according to the
method developed by A.A. Davydova and A.O. Kryshtanovsky,
whereby the sample structure was quota-controlled in accordance
with gender and age structure of the region population. As a result,
the sample population in the 2018 survey amounted to 488 people,
in 2013 - 452 people. The sampling error in the study of opinions in
the population was less than 5%, thus, confirming the
representativeness of the study. This allowed us to extend the
obtained data to the entire population and use them to analyse the
conditions of creation and development of the innovative potential
of human resources in the region.

In the current economic conditions, it is this group or workers
on which the requirements are imposed, including high working and
training capacity, information competency, and the ability to make
innovative decisions, all of which ensure the development of the
innovative potential.
The generalized description of an employee with high
innovative potential includes high professional qualities of this
employee: as a rule, this would be a highly skilled professional,
mostly a manager or a specialist, who positively characterizes
his/her current work in terms of the available opportunities for
earnings and professional development as well as the content of
their labor activities.
At present, highly skilled professionals are enthusiastic about
the content of the work they perform, for the most part considering
it interesting, creative, necessary for society, and in general
considering it to be exactly the work they would like to do. In
general, 74% of respondents were proud of their work, including
those 19% who were very proud and 55% who were just proud.

The following hypothesis was put forward as a primary
hypothesis to be tested during the study: despite the high estimates
of the conditions created in the society for implementation of the
innovative potential, the level of subjectively significant
achievements as an outcome indicator of the effectiveness of
innovative activity, remains low.

Among labor values, the opportunity to take the initiative and to
be creative was significant for almost a quarter of respondents
(23%) in 2018, indicating an increase compared to 17% observed in
2013.

The respondents highly appreciated the opportunities provided
by the external environment for the development of the innovative
potential (see Fig. 1), and there was a positive trend in assessment
of the conditions created in the region for implementation of the
innovative potential over the past five years.

Eighty percent of respondents noted that creativity and initiative
were welcome in their organization, and 32% of them received
financial support for their ideas and creativity. In contrast, 17.5% of
respondents said that “the organizations they work at do not need
any creativity and initiative, and these are not acknowledged,”
while 2.5% of respondents even said that the initiative and
creativity were not welcome and could lead to troubles.
Eighty percent of respondents considered their job creative,
including 32% who considered it fully creative and 48% - partially
creative. This is reflected in the birth of new ideas, the use and
development of innovative technologies, more advanced, high-tech
and high-capacity tools, new types of products, materials, and
energy, which, in turn, lead to the development of new demands.
The innovative potential can be considered as a factor of social
mobility. It was shown that potential migrants planning to leave the
Irkutsk region possess high innovative potential (see Table 3).
Table 3: Characteristics of the innovative potential of mobile and immobile
population groups in terms of subjectively significant achievements
Subjectively
Proportion of
Ratio of
significant
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achievements in
achievements
achievements (% of the
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total number of
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(m+
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(m)
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Fig. 1. Assessment of the conditions created in the region for
implementation of the innovative potential

The conditions available for implementation of the innovative
potential were evaluated as favourable by 84.5% of residents of the
Irkutsk region in 2018 vs. 74.9% in 2013. At the same time, the
subjective assessment did not significantly depend on the
occupation of the respondents (see Table 2).

inventions, patents,
efficiency proposals,
solutions
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The number of subjectively significant achievements in the
mobile and potentially mobile population groups was significantly
higher compared with the immobile group in the context of all types
of achievements. Therefore, qualified personnel with high
innovative potential have a high degree of readiness for migration.

5. Conclusion
The study results suggest that highly skilled white-collar
workers should be considered as the most dynamic, developmentoriented group of people in the structure of human resources,
possessing high innovative potential.
The following conditions for development of the innovative
potential of human resources can be outlined: ethical norms and
values existing in the society that support the drive to the unknown
and a hard work based on the creative approach, a system of
continuous education and propagation of innovative activities in the
society, a high level of income and a high quality of life, an open
and non-conservative social environment.
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1.

economic growth more economists have started to look deeper into
this field. Today it is an accepted fact, that it is not only on option,
to create a competitive advantage in the market by innovations, but
necessary.

Introduction

[The secret of change is to focus all of your energy, not on fighting
the old, but on building the new.] Socrates

2.
As there are quite a few definitions, we’ve brought some to
enlighten the core of them.
[Innovation in a broad sense involves developing new processes,
new products, or new organizational improvements for the industry.
It can take many forms, but in every form, it tends to reduce unit
costs and/or helps to expand market demand.] (Sengputa J., 2014)
[An innovation is a new or improved product or process (or
combination thereof) that differs significantly from the unit’s
previous products or processes and that has been made available to
potential users (product) or brought into use by the unit (process).
Innovation activities include all developmental, financial and
commercial activities undertaken by a firm that are intended to
result in an innovation for the firm…] (OECD/Eurostat, 2018)

Results and discussion

We can categorize innovations along with different perspectives, for
example, disruptive innovation, radical innovation, incremental
innovation… or another categorization would be product
innovation, service innovation, process innovation, technological
innovation, etc. But in this paper, I am going to focus mostly on the
different kinds of innovation models that are known to us at the
moment and are used by many international firms. Like in many
other scientific areas the views are quite divided regarding
innovation. Over the past few decades, there have been two major
schools of thought, namely the market-based view and the resourcebased view. The first argues, that the extent of the firm's innovation
activity is facilitated or constrained by market conditions. Naturally,
it is of key importance that firms can recognize such opportunities.
On the other hand, the resource-based view is more focused on the
firm's resources, because it argues that market-driven orientation
doesn't provide a strong foundation for innovation especially in
dynamic and volatile markets. It gives the firm's resources,
capabilities, and skills the utmost importance. Focusing on these
factors allows market participants to achieve a competitive
advantage, mostly by creating new innovative products. (Trott Paul,
2017)

The definition of innovation is vastly defined and differs from
author to author, but the basic principles that everyone agrees on are
that innovation is a process needed for the firm to improve their
current products, processes or services, or create new ones that
haven't been known to the market. Joe Tidd et al. emphasizes in
their book Managing Innovation, that innovation itself is of course
not limited to products, multiple examples show that it can be found
in services as well. (Tidd et al., 2009)
Innovation is strongly connected to Joseph Schumpeter’s name and
work. According to Schumpeter, innovation is defined as a new
combination of production factors. He broke up with the doctrines
of the neoclassic and put the disparity of the economy into
perspective.
He put innovative entrepreneurs as the driving factor of economic
growth. W. Rupert Maclaurin said: [Schumpeter regarded the
process of innovation as central to an understanding of economic
growth. The innovator as such, rather than the investor or the
inventor, represented the most sensitive individual figure in the
economy]. (Maclaurin W. Rupert, 1953)

2.1. Linear Models
Linear models have dominated the industry for a good 40 years,
because if their simplicity and how they made people understand
the basics of how innovation takes place, in other words, how the
science base (e.g. universities and industry), technological
development (industry) and the needs of the market interact with
each other, generating innovation.

His theory was built upon the realization of the importance of
business cycles and their analyzation. Schumpeter talks about
“creative destruction”, a process in which entrepreneurs create new
products/processes in the way they manufacture the products and
thus generating a “monopolistic profit”. (McCraw, 2007) The rivals
on the market follow the new trend until the profits of the enterprise
are extinguished and the market comes to an equilibrium.
(Schumpeter, 1939) The cycle starts over with another
entrepreneur’s innovation and it goes on and on, at least that was
Schumpeter’s point. (Tidd Joe et al., 2005) After Schumpeter’s
emphasis on the importance of innovation and its effects on

Fig. 1 Framework of innovation, Source: Trott Paul (2017):
Innovation Management and New Product Development, 6th
Edition, Pearson, pp. 22
Two basic variations of the linear model for product innovation are
the technology push and the market pull, as shown in the figure
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below. The technology-driven model (known as technology push)
assumes that scientists make unexpected discoveries, which are then
applied by technologists to develop new product ideas and the rest
is left for manufacturing to create a way to efficiently produce them.
Then the marketing and sales department can promote the product
to consumers. This model is also known as the first-generation
process, the so-called Phased Review Process model, which
originates from NASA. (Cooper, 1994) This model suggested, that
the consumers were only passive enjoyers of the new products on
the market.

communicate with the firm's R&D and marketing department, but
with the others as well. (Preez N.D et al. 2009)

After the role of the marketplace has gotten more attention
regarding innovation the above-mentioned model was widespread.
This new recognition led to the other linear model, the market-pull
model. The essence of this model is based on close interaction with
the firm and the consumers. The marketing department plays an
initiator role that results in new ideas, which are then given further
to R&D
design and
engineering.
After
that, the
manufacturing
Fig.for
1 – Evolution
of different
generations
of innovation
process
models
stars to produce new products. In today's fast-paced world, the role
of the market and the customer have a very powerful and influential
The first and second generation models are linear models explaining innovation as either
role to
play,
especially
goods industries.
being
pulled
by market
needs, in
or consumer
pushed by technology
and science. Fig. 2 illustrates these

Fig. 4 Interactive model, Source: Trott Paul (2017): Innovation
Management and New Product Development, 6th Edition, Pearson,
pp. 25

2.4. Network Models

first and second generation linear models.

Fig.2 –2First
Technology
and Demand
Pull,
Source:
PreezTechnology
N.D. et al
Fig.
and SecondPush
Generation
models of the
innovation
process:
Push
Pull [19]
(2009). An Innovation Processand
Model
for Improving Innovation

These models originated from the 1900s and were trying to let
people see through the complexity of the innovation process. The
basics of this model are the interactions with the firm's external
environment and the communication with external players. Thus,
this model suggested that there is a strong relationship between the
internal and the external "stakeholders" of the firm in the innovation
process. Most of the early network models were closed networks,
which meant that new developments were made within the firm's
boundaries.

Capability, pp3.,

The third generation model is a coupling model that recognises the influence of
technological capabilities and market needs within the framework of the innovating firm
(refer to Fig. 3).

2.2. Simultaneous-coupling model
This model differs from the previous ones in the way it takes the
An Innovation
Process Model formanufacturing,
Improving Innovation Capabilityand
three functions of
marketing,
R&D into 3
account. This model suggests, that innovations are born from the
simultaneous coupling of knowledge from all three functions.
Another characteristic of this model is that the point, at which the
process started is not known in advance. (Trott, 2017)

Fig. 7 - A network model of Innovation [17]
Source: Preez N.D. et al (2009). An
Fig. 5 Network Model,
A very comprehensive
model
of such an
integrated
and networked
fifth generation
innovation
Innovation
Process
Model
for
Improving
Innovation
Capability,
process model is given by Galanakis [8]. He proposes an innovation process description using
pp7.
a systems thinking approach (which he terms the “the creative factory concept”) (refer to Fig.
8). This model has at its centre the firm (enterprise), which is the generator and promoter of
innovations in the market, the industrial sector and the nation. The model’s overall innovation
process is constructed of three main innovation processes:
1. the knowledge creation process from public or industrial research;
2. the new product development process, which transforms knowledge into a new
product, and
3. the product success in the market, which depends on the product’s functional
competencies
and the organisational
of theabout
firm to network
produce it atmodels
a
Just like
the previous
model wecompetencies
are talking
reasonable price and quality and place it adequately in the market.

2.5. Open Innovation

this
time too, but rather than being closed, these networks are
This process is affected by internal factors of the firm (e.g. corporate strategy, organisational
already
open
ones.
huge
advantage
ofInnovation
these Environment
open innovation
structure, etc.),
as well
as by A
external
factors
in the National
(e.g.
regulations, national infrastructure, etc.).
networks
is that they have a much greater base from where the
information and knowledge can stem from. [In particular, it is the
use of cheap and instant information flows that places even more
emphasis on the linkages and relationships of firms. It is from these
linkages and the supply chain in particular that firms have to ensure
that they have the capability to fully capture and utilise ideas.]
(Trott, 2017)
In a closed model, new ideas can only enter one way, from the
science and technology base within the firm. The ideas, projects are
then filtered, some are stopped, and some are pushed through to be
made a proper product for the market. On the other hand, in an open
innovation model ideas and projects can come in multiple way and
Process Model for Improving Innovation Capability
7
at multiple stages AnasInnovation
well.
Even the way the products are brought
to
the market can vary. (Preez N.D et al. 2009)

Fig. 3 Simultaneous-coupling model, Source: Trott Paul (2017):
Innovation Management and New Product Development, 6th
Edition, Pearson, pp. 23 Interactive model

2.3. Interactive Model
This model links together the technology-push and the market-pull
models. It's based on the emphasis that innovation is generated on
the basis of the interaction between the marketplace, the science
base, and the organization's capabilities. Similarly, to the previous
model, the starting point of the innovation process isn't known,
therefore it gives firms much greater freedom and flexibility. The
distinctive characteristic of this model is that the flow of knowledge
and information mustn't be linear and continuous. As seen on the
figure below the science base and the marketplace don't only
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Fig. 6 Open innovation, Source Chesbrough Henry et al. (2006):
Open Innovation, Researching a New Paradigm, Oxford Press, pp.
3

3.



Conclusion


As we've mentioned in the beginning, we are living in an everchanging world, which creates new opportunities for companies to
come up with new ideas and products almost every day. As we've
seen, there have been several models which helped companies to
create products and ideas that have made our lives easier and more
comfortable. And like any other field, innovation is changing
unstoppably. In just a few decades, several new models of
innovation will be taking the place of those, that are often used
today
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Abstract: Modern agriculture has been causing a headache for researchers worldwide for a long time, due to the necessity of more food to
support the growing global society, that brought with it environmental and economic problems that highlight issues that weren't
acknowledged prior to their emergence. Solution is necessary, and one of the few possible tools in resolving the inadequacies is innovation.
Therefore, the EU introduced RRI (responsible research and innovation) as a pillar of innovation it wishes to lean on post 2020, to support
and increase the efficiency of innovation, while dedicating significant funding to agricultural innovation. Our study aims to explore the
possibilities of increasing the efficiency of agricultural innovation using integrated marketing communications as a supporting tool.
Agricultural innovators were asked to provide input via deep interviews, and a questionnaire was conducted to test the application of the
concept of using integrated marketing communications as the method of increasing RRI efficiency for agricultural innovation.
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- The analysis of Hungary, as an EU Member State‟s SME
sector, pertaining most notably to the innovation and research of
agricultural nature that focuses on climate protection and
sustainability.

1. Introduction
Modern agriculture has been causing a headache for researchers
worldwide for a long time, due to the necessity of more food to
support the growing global society, that brought with it
environmental and economic problems that highlight issues that
weren't acknowledged prior to their emergence. Meanwhile, the
importance of agriculture, and innovations of agricultural nature
leaning towards clean technology and climate-neutral solutions
increase, mainly due to the World‟s food supply situation. There are
already more than 700 million people worldwide malnourished, and
climate change affects arable farmland negatively, worsening the
problem. [1] Climate not only affects the World in terms of food
production though – right after the effects of climate change started
to gather the awareness of society, some concerns were already
mentioned about the capability of farmers themselves to adapt to a
changing climate. [2] Furthermore, agriculture also has its own
effect on climate change: in 2015, approximately 20% (941.3
million tonnes of CO2 equivalent) of the entirety of the EU28‟s
emission (4548.4 million tonnes of CO2 equivalent) came from the
agricultural sector (this data excludes land use, land use change and
LULUCF net removals). [3] Therefore, there are a multitude of
problems to be solved regarding the effects climate change and
agriculture inflict on each other. In order to dampen the effects of
said climate change, it was suggested early on to rely on agricultural
technology‟s research and development, and gather support from
both public funding, and private sources. [4] The same incentive
also permeated the European Union‟s directives, especially the
concept of the 2014-2020 programme period dubbed
“Horizon2020”, further continued into the 2021-2027 programme
period. [6] [7] As such, the participation, and the policy for adapting
and accepting the EU directives by the SME sectors of various
Member States is also advised, to be able to gain more assistance
from EU funding.

- The assumption that agricultural innovations need to be
marketed in order to be widely accepted stems from the nature of
information technology, and modern information society. The
authors believe that some form of marketing is necessary to support
the coverage of new solutions and opportunities. As such, authors
also aimed to identify current marketing approaches.
- The authors consider the process of integrated marketing
communications the most adaptable to innovation marketing due to
its consistent and client-focused nature. As the innovation policy of
the European Union currently trends towards the RRI (responsible
research and innovation) concept, which basically necessitates the
focus on the consumer, and social acceptability of innovations, this
decision was further supported. Therefore, authors attempted to
analyse compatibility of integrated marketing communications with
innovation marketing, and get a general overview of the information
innovators in Hungary hold about the process.
- Finally, the authors wished to understand if applying
integrated marketing communications will advance the innovator‟s
firm as a whole, as it also includes an emphasis on organising intercompany processes related to communications and marketing into
one whole process. As such, authors also completed a preliminary
analysis into the feasibility for integrated marketing
communications in an agricultural innovator SME by including
some closed, and an open questions into the SME questionnaire.
2.1. Responsible research and innovation in the EU
Responsible research and innovation is the meeting point
between sustainability and innovation for the European Union. The
EU‟s directives contain the principle perspective of Schomberg on
RRI – a process that is both transparent and interactive, taken up by
the innovator and the people in society together, while also sharing
responsibility with each other in terms of the ethical acceptability,
the social desirability and the sustainability of both the overall
innovation process, and the results born from it. [7] The reason for
the existence of RRI is as Rip defines, the necessity of the activity
aiming at research, development and innovation be welcomed by
society as a whole, because society is what they‟re meant to
improve. [8] The concept was considered by the European Union
for a long time, and became the focus of the EU budget during the
2014-2020 programme. The aim was to make the future generations
free of the consequences of our current generation‟s resource
hogging tendencies, and lack of thought towards the future in
general. Finally, after weighing initiatives and suffering several
setbacks and obtaining positive results, the EU committed to
sustainability, and as an extension, the introduction of responsible

2. Discussion
In order to ascertain the goals of the authors, there is a need to
have a deeper understanding of the various concepts they wished to
work with for the analysis, and the end goals they created for their
work.
Considerations during the targets of the research mainly fell on
the experiences that resulted from the EU Horizon2020 programme
period, and the expectations from their continuation into the next
programme period of 2021-2027. The peculiarities of the European
Union‟s funding supports the pursuit of clean technology,
sustainability and research and development. Therefore, the concept
of a future innovation policy in a Member State such as Hungary
also fell on said concepts. In light of these, the authors selected a
few goals to attempt and understand during their research:
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research and innovation. This can be seen in various statistics – one
such example is the gradual increase in RRI trends from 2014 to
2016, as seen in the work of Mejlgaard et al. (Fig. 1):

lingo), while making the retained information comfortable to absorb
by the consumer,
- Organising both internal and external communications of the
organisation in light of the above mentioned, thereby optimising the
processes and taking consumer perspective into full consideration,
- Offering opportunities for feedback to the consumer, to further
obtain optimisation criteria, making the consumer‟s values
perceived closer to the organisations, which will, in turn, make the
relation of supply and demand more balanced and efficient.
Hungarian SMEs were found to obtain better financial results, and
more consumer satisfaction when abiding by the criteria of
marketing communications properly managed in an integrated
approach. [15]

Figure 1: RRI indicator trends in European Universities. [9]

Such increase in the performance of various RRI indicators can be
expected for the next programme period as well, due to the
prolonged subsidy and strong interest of the EU.

2.3. Research sample
In order to answer the questions they initially had, authors
conducted 10 deep interviews with agricultural SMEs that have
conducted innovation processes in the last 10 years. Furthermore,
after gaining an insight into the entirety of the topic, authors
conducted a questionnaire with the participation of 37 different
innovator SMEs in the agricultural sector of Hungary.

The main perspectives of the Schomberg RRI concept that were
also taken into EU directives are:
- Governance
- Public commitment

Of the ten leaders of agricultural SMEs who participated in the
interviews, six have ownership of patents related to agricultural
innovation. One of the ten has a patent related to agricultural GMO,
while five own patents related to agricultural technology in practice.
The interviews were semi-structured, generally took between 15
and 25 minutes each. Two of the interviews were conducted in
person, six in online format, and another two via phone call.

- Gender equality
- Scientific education
- Open access / open science
- Ethics

The participants of the questionnaire don‟t have ownership of a
patent, but two have applied for patent registration last year, both
related to agricultural technology in practice. Eleven of the 37
SMEs have a relationship with Hungarian agricultural science
institutions (laboratories, experimental farms, etc.). Seven of the 37
SMEs conducted process innovation, twenty-one conducted product
innovation, four conducted organisational innovation, whereas the
remaining five SMEs conducted combined innovation processes
mainly focusing on service, due to the nature of the SME in
question (f.e. agricultural IT management services). The
questionnaire had two parts: first, there were a series of y/n
questions and open questions to identify current marketing and
communications practice, measure current knowledge about
integrated marketing communications as a new / different approach
(merged in results), and to evaluate the willingness to change
communications and marketing processes within the SMEs. The
second question group focused on the innovator‟s knowledge on the
EU programme, more specifically about RRI and its various
indicators. The intention was to measure the concept of RRI and its
feasibility in the Hungarian SME sector‟s agricultural subsector,
and evaluate how they see and interpret the process as a whole.
Results reflect both the overall ideas of the agricultural SMEs and
the specific ideas about interpretation of EU standards in regards to
the RRI concept and its related information.

- Sustainability
- Social justice / inclusion. [10]
The authors‟ earlier research showed that although regional
specifics may make it hard to adapt this concept in Hungary, and
possibly other Member States with economic specialities similar to
Hungary‟s, it is viable as a directive for SMEs, notably startup
enterprises. [11]
2.2. Integrated marketing communications
The topic of integrated marketing communications has been
garnering attention from experts since before the millennium. This
approach to an enterprise‟s communications and marketing
processes considers that the company‟s overall performance in both
fields will increase if the two are synchronised and integrated from
the first step of a concept, to the last of a marketing campaign.
Brown stresses that integrating several communication tools creates
a synergic effect, which will improve the efficiency and results of
all of them. [12] In a similar concept, Godin considered online
marketing more than simply relocating the marketing process to an
online platform, but a process beyond that level. [13] It is important
to note that the entirety of the marketing process, and the organised
communication process are complex on their own, making the
integration of the two even harder to realise in practice. Therefore,
Caemmerer noted that planning and executing the marketing
communications process is hard – there are a large variety of
decisions to make which are focused on personalisation – while
matching and balancing expectations and interests. [14] The main
requirements of a communications and marketing practice that can
be considered as an integrated method are as follows:

3. Input of SME innovators (interviews)
The main results of the interviews were the following:
- Currently, the innovator SMEs are more open to committing more
resources to marketing purposes. According to the Hungarian
Marketing Association, SMEs in Hungary tended not to have
specialised marketing processes before the early 2000‟s, and post2016 are catching up, going more in-depth with their marketing
processes. The interview participants almost all noted that they have
increased their marketing expenditures in recent years one way or
another, which is consistent with other SME spending from
different sectors. [15]

- The selection of the tools used for the communication process and
marketing process in the perspective of compatibility,
- The compression of the marketing message (beyond the
advertisement text) into one that‟s restricted to information useful
for the consumer, and relevant to him,
- Cleaning the message of excess information (typical examples are
jargon, or metrics the consumer won‟t understand, and professional

- Most of the innovators were either already conducting an
integrated marketing approach, or knew about the process, and were
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willing to adapt it in their enterprises. The ones conducting it
already also noted the high efficiency and versatility of the
approach, and were satisfied with results up to the period reviewed
by the research.

Yes

- The main concern for the participants was expanding on their
currently employed communication channels. Most participants
were using the internet, more notably the social media platforms to
advertise their innovations, which is likely due to budget
constraints. This is an overall concern for SMEs in Hungary. [15]
Beyond budget concerns, social media is a clear-cut, quick and easy
solution for companies to advertise on, find and interact with their
clientele, and conduct nearly all generic customer relation, public
relation and customer feedback collection activities.

Yes

No
7

2

1

Conducting
IMC?
Is IMC
effective?
Willing to
move to IMC?
Expects better
efficiency?
Easier on
budget?
Knows RRI?

5

3

2

Follows RRI
concept?
Applies for
subsidy?
Comm.
channels used

3

4

3

5

4

1

1

2

3 or more

4

3

3

Willing to use
more?

5
2

1

2

2
8

Yes

2

No

Specifically
social media?

Conducting IMC?

12

7

Is IMC effective?

10

2

Willing to move to IMC?

6

1

Expects better efficiency?

3

3

N/A

Yes

2
No

4

1
N/A

5

10

3
10

2

Follows RRI concept?

7

2

Applies for subsidy?

5

2

1

Participants generally didn‟t understand RRI, but were more
informed about IMC. The most notable reason for not applying for
any subsidy related to RRI was the lack of opportunities, lack of
knowledge about such subsidy possibilities, and lack of initiative.
Most participants noted that they would apply for subsidy if they
knew all the general steps to do so.
The results of the interviews only came back during the
questionnaire to a limited degree. Most notably, it should be said
that the innovators in the interview group had a longer, and richer
experience than the questionnaire group. However, the interview
group‟s participants assumed that this would be the result of a
questionnaire. Their predictions were mostly accurate, save for the
fact that better efficiency through moving on to IMC process was as
prevalent as getting a lower expenditure in the budget.
In the part about RRI, participants generally showed a lacking,
somewhat incorrect knowledge about RRI, and its
the participants were asked to weight the different aspects
according to importance (the short description of the RRI factors
was introduced in order to avoid the problem of randomised or
meaningless answers). To measure the opinions on importance,
Likert-scales between 1 and 5 were used. The intention of the
authors was to draw conclusions about the perspective of the
participants on which ones have the most notable effects on
innovation processes. Results can be seen below (Chart 3).
Governance

7

8

Chart 2: Summary of the general attitudes towards the research topics
among questionnaire participants (n=37). Source: self-made, 2020.

Knows IMC?

3

19

Knows RRI?

N/A

5

N/A

Knows IMC?

Easier on budget?

A summary of the interviewees‟ main directives can be seen below
(Chart 1). Questions of the Y/N variety could be skipped where
applicable (as such, if the participant didn‟t note that their SME is
conducting IMC, they didn‟t need to comment on its efficiency,
however, were asked to comment if they‟d adapt IMC later).

No

1

Chart 1: Summary of the general attitudes towards the research topics
among interview participants (n=10). Source: self-made, 2020.

4. Questionnaire results
The results from the questionnaire showed that when planning
innovation processes, most SMEs in the Hungarian agriculture
sector don‟t specifically aim to conform to the requirements of RRI.
While most companies have some sort of sustainability
consideration, specific EU directives are not the focus of the
process of innovation yet. However, the results and comments of
the SME owners suggest that they have some form of consideration
related to the RRI concept‟s indicators (mostly to „education for
science‟ via relationship with universities and scientific institutions,
„public commitment‟ and „inclusion‟ via early testers and volunteer
aides, etc., and „gender equality‟ – this latter is more related to legal
bindings in effect, than specifically any target related to it in SMEs
that have a largely external employment structure, and the number
of females and males in a family for smaller, family SMEs).

Public
commitment
Gender
equality
Scientific
education
Open access /
open science
Ethics

3,56
3
3,17
3,92
3,31
3,61

Sustainability

3,81

Social justice
/ inclusion

3,11

Chart 3: Average of answers for the importance of RRI indicators among
questionnaire participants (n=37). Source: self-made, 2020.

The surprising values were definitely those of public commitment
and gender equality, whereas scientific education unexpectedly got
a higher score overall than sustainability. This is mainly due to the
specialities of Hungarian entrepreneurs – according to an earlier
research of authors, the SME sector in Hungary doesn‟t put strong
emphasis on gender equality, and don‟t find the connection between
the SME and society as important during the actual innovation
process as other nationalities. [11] Though Scientific education got
very high scores overall (noteworthy is that apart from a single
SME, all the others who have a relationship with universities, or
research institutions mentioned before voted that it‟s extremely
important), it is due to the high number of „5‟ answers, whereas

Results of the first question group can be seen in the following part
(Chart 2).

58

INNOVATIONS Issue 2/2020

sustainability got a more balanced result, which can be considered
as a proof that it‟s still the overall most important indicator. Below,
a visual output for sustainability can be seen (Figure 2).

and communications knowledge and methodology showed that
using integrated marketing communications was more profitable
overall when marketing innovations in the agricultural sector than
standard marketing procedure, and the better results were obtained
by SMEs that adhere to the concept of RRI more than those who do
not. In this sense, authors state that employing an IMC approach to
marketing agricultural innovations in the Hungarian SME sector is
beneficial and suggested.
Authors also recommend deeper research into the
communication methodology of innovation of SMEs, most notably
because of its strong impact on both the SME‟s revenue (and
financial sustainability), and because of its relation to the inclusion
and commitment indicators of RRI to increase the efficiency of RRI
in the Hungarian SME sector. This could open more options
towards subsidy opportunities, and a stronger overall control of
enterprises on the channels between them and their consumers.
Innovation marketing could especially benefit from this, most
notably due to the joint responsibility of innovation processes and
their results shared between innovator and the society within the
EU‟s RRI concept.

Figure 2: Answers for the importance of sustainability among
questionnaire participants (n=37). Source: self-made, 2020.

Finally, using financial results from 2019, the participants were
asked to give approximations (as close to real values as possible)
about the returns on their marketing investment. This mainly
constituted the usage of expenditures and incomes, their own
measurements on marketing efficiency based on keyword searches,
consumer surveys, partnership approaches, and other quantifiable
sources. The results can be seen on the Figure below. (Note that the
values on the Figure were rounded and normalised both in order to
average out the differing values, and to remove sensitive
information, however, the specific values reflect the answers of the
participants.)

Disclaimer: in accordance with the wishes of the participants in the
research, no identifiable data was left in the analysis results.
Authors handled data with the confidentiality agreed upon, and
hold no responsibility for any participants being identified from this
document.
Authors would like to thank Dr. János Papp, associate lecturer and
head of department of Szent István University for his help with the
research, insights, and support during our work.

6. References
1.
2.
3.

4.
5.

6.
Figure 3: answers for the importance of sustainability among
questionnaire participants (n=37). Source: self-made, 2020.

7.

5. Conclusions, suggestions

8.
9.
10.

Based on the research results, the Hungarian SME sector‟s
innovative agricultural SMEs still have a lot to learn and work on in
regards to the European Union‟s RRI concept, and its
implementation. Results, however, showed that the integrated
marketing communications concept is overall known and
understood by the participants of the analysis. There were also
results indicating that the concept is being used somewhat
intuitively even in case there‟s no specific prior knowledge about its
existence and know-how. Whereas the reliability of returns about
the integrated marketing communications concept was proven by
the participants – which abides by other research results of a
different instance of analysis conducted by an author on the topic
[15] – the RRI concept itself was hard to come by in a correctly
implemented, practical sense among the participants. Results also
showed that the participants have the incorrect assumptions about
RRI – mainly attesting the concept to science and politics, placing
less of an importance on social inclusion and commitment – which
can be considered a consequence of the specifics of Hungarian
society. [11] Overall, however, the results of analysing marketing-

11.
12.
13.
14.
15.

59

United Nations Special report, Food security. (2019)
https://www.ipcc.ch/srccl/
B. Smit, I. Burton, R.J. Klein, J. Wandel. Climatic Change,
45, 223-251 (2000)
Eurostat emission report. (2015)
https://ec.europa.eu/eurostat/statisticsexplained/pdfscache/29569.pdf
V.W. Ruttan. Canadian J. of Plant Pathology, 18, 123-132
(1996)
European Commission‟s Horizon2020 introduction. (2017)
https://ec.europa.eu/programmes/horizon2020/en/whathorizon-2020
European Parliament‟s 2021-2027 RDI plan. (2018)
http://www.europarl.europa.eu/RegData/etudes/BRIE/2018
/628254/EPRS_BRI(2018)628254_EN.pdf
R. von Schomberg. in: R. Owen, M. Heintz, J. Bessant
(ed). (2013)
A. Rip, Conf. on Nanotechnology proceedings. (2005)
N. Mejlgaard et al. J. of Science Comm. 17 (03). (2018)
S. Pelié, B. Reber. From Ethical Review to Responsible
Research and Innovation. (Wiley, London, 2016)
N. Bajkó, Zs. Fülöp. VI. Int. Conf. of Economist Ph.D
students, proceedings. (to be published)
J. Brown, J. of Comm. Management II/1 71-81. (1997)
S. Godin. Permission Marketing. (Simon&Schuster, New
York, 1999)
B. Caemmerer. Marketing Intelligence & Planning,
CCVII/4, 524-538. (2009)
Zs. Fülöp, J. Papp. XVII. Intern. Sc. Days, Eszterházy
Károly U., proceedings. (to be published)

INNOVATIONS Issue 2/2020

Innovative forms for certificating graduates of professional retraining programs: a
comparative analysis of the performance
Alena Borisova, Elena Kirichenko, Natalya Mikidenko
Novosibirsk State Technical University, Novosibirsk, Russia1
Novosibirsk State Technical University, Novosibirsk, Russia2
Siberian State University of Telecommunications and Information Sciences, Novosibirsk, Russia3
a.borisova@corp.nstu.ru
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advancement. This opportunity is quite essential for the rapidly
developing field of HR management. Specialists with various basic
education (from psychology to IT) come to the profession. From a
management perspective, it is very important for specialists to have
knowledge in management practices and building basic processes,
as well as some knowledge with an assessment of the economic
impact of activities. Preparation for certification allows you to form
a management vision and develop an arsenal of tools and study
modern trends in HR management.
Competition in the market of HR specialists is increasing and
confirmation of the level of qualification is a factor of preference
for large organizations, especially international ones. In addition,
training and preparation for certification allows you to expand the
circle of contacts and push the boundaries of the labor market for
potential employment.
A career in HR management can be built according to the type
of horizontal and vertical growth. Horizontal growth (development)
involves the development of related functional areas and the
expansion of management practices through collaboration with
related functions. This professional strategy creates a
multidisciplinary specialist with knowledge and a systematic vision
of the implementation of work. Vertical growth is associated with
the development of managerial competencies and requires a
different vector of specialization. Such opportunities for career
advancement are also laid down in the certification system for
personnel management specialists. As a rule, certification provides
an opportunity to confirm the strategic level of proficiency in the
profession, that is the certification of managers, as well as the
operational level for a multifunctional set of professions –
certification of specialists.
If an HR specialist is aiming for certification, they need at least
two years of experience in this field. The process of preparing for
certification is long, but quite feasible. In the field of HR
management, there are several large institutions with a long history
that are engaged in certification, such as Chartered Institute for
Personnel Development (CIPD) (UK); Certification Human
Resources Institute (CHRI) (USA).
The development of evaluation tools in the field of HR
management in Russia began in 2018. By now, evaluation tools
have been prepared for evaluating the following qualifications
under the professional standard "HR Management Specialist": HR
records management specialist; recruitment specialist; specialist in
the organization of personnel evaluation and certification; training
and developing specialist; staff developing specialist; remuneration,
compensation and benefits specialist. For the remaining work
functions and qualifications, evaluation tools are under
development.
The assessment is carried out in two stages: theoretical and
practical. The theoretical section includes questions related to the

1. Introduction
Global competition in all industries cause a high rate of renewal
of professional competencies of specialists. The format of
implementation of training processes and active application of the
received training is being changed: the sequential one is being
replaced by parallel-enabled and learning - through-need actions formats. The demand of the industry and employees for training
forms and the content of educational programs is also being
transformed. Up-to-date and advanced knowledge is required, as
well as flexible skills, and quick ways to master them. The request
becomes particularly relevant in the case of professional retraining
programs.
The traditional format of final certification includes tools that
simulate a locally limited situation of activity. In this way, it is
difficult to identify the formation of competencies for a wider set of
functional tasks. This difficulty can be overcome by introducing a
new certification tool – a simulator that simulates the working day
of a specialist during which he implements a wide list of functional
responsibilities, fixed in the job regulations.
This simulator was developed for the specialization "Personnel
Management". Some experience has been accumulated its
application to students of retraining programs.
The purpose of the article is to evaluate the results of using a
professional activity simulator as a means of diagnosing the level of
professional readiness.
Performance criteria:
a level of professionalism according to the list of functional
areas specified in the activity standard;
cost of diagnostics of a competence fitness unit for functions;
a degree of approximation to real activity.
Observations were made during 4 issues of programs on a
sample of about 150 listeners.
It contains evidence of the feasibility of switching to the use of
the simulator for the final certification of HR specialists; it provides
calculations of the socio-economic impact of investments in the
development and the use of the stimulator in evaluation procedures;
it provides results of measuring the level of professional knowledge
acquired during training using the simulator.
Recommendations for replicating the practice of using the
simulator during the final certification of students of professional
retraining programs are given.

2. Prerequisites and means for solving the
problem
Certification of specialists is a recognized way to systematize
and inventory both knowledge and skills; it also serves as a basis for
moving to the next level of professionalism, and as a result, career
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diagnosed labor function. Within one and a half or two hours, the
person under must answer 40 questions. The task structure includes
questions with the ability to choose the correct answer, with the
need to write the correct answer in free form, as well as tasks to
establish the necessary correspondences and sequences of
operations and actions.
In the practical part of the assessment, it is proposed to solve the
case, accompanied by documentary support. The applicant for the
required qualification must provide reasonable and detailed answers
that meet the requirements of current legislation within twenty
minutes. All tasks are aimed at diagnosing labor functions that are
designated and fixed in the professional standard. Diagnostics and
confirmation of the level of qualification is currently possible in
several centers in Russia (Moscow, Ufa, Krasnoyarsk).
So, to confirm the HR specialist certification, you need some
specialized education and practical experience, as well as the
practice of passing qualification exams. Tools for diagnosing the
suitability of the subject to the requirements of job positions in
assessment centers are constantly being improved.
Since the Russian HR management practice is in the process of
active development, the specialists working in it have different
professional education and often have to receive additional
professional retraining. Additional professional retraining programs
are an accelerated format for acquiring knowledge, skills, and skills
in a narrowly specialized field over a usually limited period of time.
Customers of professional retraining programs are adults who
have professional training and are not able to spend a large amount
of time on retraining, as well as employers who invest in the rapid
renewal of professional competencies of their employees.
Investments and expenditures of resource support should have a
greater payback, so all training activities implemented by the
performer-educational organization (entrance and final testing of
the level of competence, meaningful training) should contribute to
the return.
The traditional format of final certification includes tools
(testing, oral answers to questions, solving a case or defending the
final work) that simulate a locally limited situation of professional
activity. In this way, it is difficult to identify the formation of
competencies for a broader set of functional tasks in the real
business environment. This complexity can be overcome by
introducing a certification tool-a simulator that simulates the
working day of a specialist during which he implements a wide list
of functional responsibilities, fixed in the job regulations.
Interest in the development of educational simulators is stable
over a long period and affects many areas of training. At the very
beginning of implementing the practice of developing and
introducing educational simulators into the educational process [4],
priority was given to high - risk areas with a high cost of error in the
actions of the labor subject in real conditions (for example,
medicine [7;10] and industries: construction [16], aviation [2] - and
railway transportation [14], energy supply [17] engineering [1;8],
security [12]. The development of technical capabilities for the
development of simulators and the development of solutions for
modeling tools for phenomena and processes allow us to expand the
range of tasks solved using simulators. That is why we started
developing simulators for management companies [3;6;9;11],
educational [5;13;15], psychological [12] directions and tasks.
Simulators are a kind of bridge between learning in the
classroom and the real environment, because they allow you to form
skills through actions.
This simulator was developed at the university for the
specialization "HR Management" and has accumulated experience
in its application to students of vocational training programs.

differentiated by professional standards into eight groups (the socalled labor functions):
- documentation support of work with personnel;
- human resources activities;
- assessment and certification of personnel;
- personnel development;
- organization of labor and its payment;
- organization of corporate and social responsibility;
- operational management of personnel and divisions of the
organization;
- strategic personnel management.
In general, labor functions reflect the so-called full functionality
assigned to the personnel management service.
In the domestic practice of HR management, as a rule, only
large enterprises can build organizational structures of the HR
management system, differentiating the full functionality by
departments and individual specialists. Companies that differ in size
and period of operation on the market are more difficult to build
extensive systems of personnel management. Therefore, specialists
of HR management services of such enterprises implement a
"truncated" set of functional responsibilities, guided by the priority
of the current tasks of the organization. The key requirements for
specialists of such HR management services are universality, that is
possession of professional competencies for a full list of labor
functions and flexibility in switching from one set of competencies
to another. Therefore, the diagnostics of professional readiness of a
HR management specialist should include tools that allow
evaluating the universal possession of a full set of competencies set
forth in professional standards. To do this, when organizing work
on the formation of the Fund of evaluation funds, we are guided by
the fact that the construction of a competence-oriented task should
model one working day of professional activity of a HR
management specialist. The task set includes situations that the
manager has to solve in real professional life.
The simulator of final certification of HR-specialists has been
repeatedly tested on empirical samples (4 streams of graduates of
the program of additional professional retraining, about 150
students).
Comparative performance assessments require
comparative assessments of flows that have been evaluated in
different ways. The accumulated practice of using the simulator
allows you to conduct such a performance analysis.
4. Results and discussion
A research question arises: what is meant by the effectiveness
of using the simulator? Since we are talking about the educational
process, it is important to master the level of competence for the
activity that the graduate will be engaged in in reality, as well as
interest in the process. Based on these assumptions, the criteria for
evaluating performance are identified:
 the level of professionalism in the list of functional areas
specified in the activity standard;
 cost of diagnostics of a unit of competence fitness for
functions;
 the degree of approximation to a real professional activity;
 attendee engagement in the process
Diagnostics of indicator values according to the selected criteria
was carried out in two comparative groups: group 1 – certification
exam in the traditional form; group – using a simulator.
The level of professional competence formation was determined
on a 100-point scale. The final scores for Group 1 were formed
based on the number of choices of correct answers and expert
assessments of solutions by case listeners. In general, the analyzed
groups obtained comparable assessments of the level of
competence. The result is expected, since the simulator was used
only for the certification task and it was not used during the training
of students. There is an assumption that the add-in to the simulator
module aimed at stimulating cases on labor functions and working
out management decisions on them will further increase the
advantage of this form of certification for this criterion.

3. The idea of a simulator and the features of its
functioning
The essence of the simulator is to simulate one working day of
an HR specialist. We assume that the complex of works to ensure
the functioning of the personnel management system is
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9.

Since it was necessary to check the student's competence in the
entire set of work functions, the number of tasks included in the
traditional exam has significantly increased to 20 test questions, 5
case studies and one role-playing game. This resulted in a
significant increase in diagnostic time and, as a result, an increase in
the cost of evaluation procedures. Using a simulator that allows you
to conduct a comprehensive assessment of a set of functions, fixes
the range of time spent from 30 to 45 minutes.
The assessment by the criterion "degree of approximation to
real professional activity" was carried out by an expert method
based on conclusions about sets of control materials and a set of
tasks that make up the simulator bank. Experts were practitioners
who directly implement tasks in HR management services. The
content of control materials of certification in the traditional format
received an average rating of 4.8 points, and in the simulator - 4.5.
We can conclude that with proper approach to the preparation of
assessment tools, these two forms of certification are practically
comparable and there is a potential for increasing quality.
The attendee's involvement in the process was evaluated based
on feedback from attendees. As expected, the game format
simulating a full-time employee aroused higher interest among
attendees (5.0 points in the second group and 4.0 points in the first).
Thus, the evaluation of the use of the simulator according to the
selected performance criteria shows higher ratings and is
recommended for inclusion in the final format of certification of
students of additional professional training programs.

10.

11.

12.

13.

14.

5. Conclusion
15.

Development of the environment and the direct content of
professional activity transform the practice of professional fitness
diagnostics. Assessment and certification centers regularly develop
new tools and improve existing ones for diagnosing fitness for a
position. Simulators are a relatively new and modern format for
conducting diagnostics. Comparative assessments of the use of
simulators in the diagnosis of the effectiveness of training of
trainees of professional retraining programs have shown its greater
effectiveness in terms of parameters: reducing the cost of
diagnostics of a unit of competence fitness for functions and greater
involvement of students in the process.
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Abstract: The relevance of this article most effectively shows the need to move the modern domestic economy to a new, innovative level. The
main problem is that in the scientific literature there is no official confirmation of the effectiveness of innovative methods of stimulation. The
methodological framework includes observation, theoretical analysis, and conclusions. The main research methods include: analysis of
modern concepts of innovation, comparative analysis of the practice of innovation activity of a number of regional enterprises, and a
comparative method. The study gave the following results: it showed that most enterprises were able to form innovative competence through
the tools used, which confirms the effectiveness of the proposed method. This is also due to stricter competition conditions, complications in
interactions with international partners, etc. This article provides an analysis of the innovation activity of a number of regional campaigns,
describes ways to stimulate the innovation activity of subjects, and suggests ways to use tools to stimulate the innovative activity of subjects
in the innovative aspect. Therefore, the conclusion of this study expands the knowledge about the possibilities of the innovation process and
the potential in the learning process at the enterprise and the possibilities of improving economic phenomena, thereby allowing the domestic
economy to move boldly in the right direction.
KEYWORDS: INNOVATION, INNOVATIVE ACTIVITY, MOTIVATION, INNOVATIVE ACTIVITY, STIMULATION OF INNOVATIVE
ACTIVITY, INNOVATIVE MANAGEMENT.

3. Innovative influence in areas of political or
economic interests?

1. Introduction
In modern conditions of development of the domestic economy,
there is a need to make a strategic choice of a model for further
socio-economic development of the country, which will allow us to
reach a new, higher level. This need is due to a decrease in the
efficiency of the previous sources, which a few decades ago
provided relative stability of the socio-economic situation and
stimulated the steady growth of the country's economy. Both in the
scientific community and at the state level, it is recognized that the
prospects for the entire socio-economic development of Russia in
the long and medium term are focused on creating an innovative
state, which will allow the most efficient use of resources that are
available and attract new ones [1,2,4,6]. The goal is to assess the
impact of various forms of stimulating innovation activity on the
innovative activity of companies in the modern conditions of
Russia, as well as to determine on this basis the opportunities and
directions of innovative development of its economy. The main
tasks are to consider the main concepts related to the research
problem and to study the economic process by developing
innovative aspects of foreign economic activity. In General, today
the activities of most domestic enterprises take place in an
extremely difficult socio-economic situation with a General sharp
decline in the economy, rising unemployment, a General decline in
the living standards of the population and other crisis phenomena.
And in such extreme conditions of Russia, innovative activity is,
perhaps, the main direction of development of both individual
enterprises and the industry as a whole [5].

Analysis of the areas of support for the development of
innovations and innovative activities suggests that the area of
innovative attention today is mainly industrial enterprises, as well as
those involved in the field of agriculture, IT and nano technologies,
medicine and pharmacology, mining and energy. It should be noted
that in modern conditions, there is potential for innovative activities
of Russian enterprises, but at the same time there is a need to
provide tools for the implementation of the so-called "innovative
motivating" policy in the framework of state projects. In our
opinion, as one of the directions of the state's innovation policy, it is
also necessary to develop directions, methods and methods for
increasing the level of motivation and innovative competence
among managers of enterprises. It is an innovation-motivated,
committed to applying innovations and competent in this area
Manager, endowed with the necessary knowledge, is able to
effectively implement innovative activities and more successfully
resolve all emerging economic and organizational problems, choose
the most effective and appropriate innovative projects, as well as
become a positive example in the field of innovation for other
companies in the industry [3]. In our opinion, state orders are
another significant method of stimulating innovative activity, since
the initial demand for the products of enterprises is provided
through state orders. Public policy has developed two forms of such
support: public - private partnership and the Federal contract system
(FCS).

4. Is the crisis really ending, or is it another wave
of inevitable disaster?

2. Innovation Progress
It is the promotion of innovation that will help to increase
Russia's position among the leading countries and strengthen its
position on the world market. It should be noted that the main
participants in the entire innovation process are two categories of
subjects-the state and enterprises. However, the roles of these
subjects of economic relations are different. if an enterprise acts as
the initiator, Creator of the most innovative product or innovative
service, the state is called upon to provide support for such an
innovation-oriented enterprise, usually financial, but we should not
underestimate the legislative support. Support from the state
includes both direct and indirect methods of stimulation of
innovative activity. The set of direct incentive methods implies the
use of various forms, methods and types of financing for innovative
projects, while indirect methods include providing customs and tax
benefits to innovation-oriented enterprises [6].

Through the latter, the state encourages the development of
innovations in a particular sector of the country's economy through
a state order, finances scientific research, provides demand for the
final innovative product, and determines the criteria for innovative
products. In turn, through public private partnership, joint
participation of the state and the enterprise in various areas of
activity, as well as mutual funding of scientific research is provided.
Despite the fact that a number of indicators characterizing
innovation activity in our country are lower than in a number of
other countries, there is a certain potential for developing directions
for stimulating innovation activity in the modern conditions of the
Russian economy, which should be carried out on the basis of
studying and analyzing the experience of foreign countries and
using their own tools to stimulate innovation. At the same time, the
most important direction is the analysis of our country's own
economic opportunities and resources to stimulate innovation or
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other innovative activities. The processes taking place in the
modern Russian economy indicate that the country is at the stage of
emerging from a protracted crisis, as a result of which there was a
reduction in the turnover of a number of industrial and commercial
enterprises, some of which completely ceased operations. Most of
the production is concentrated in the modern period in the raw
material sector of the economy, where profits are reduced due to
falling prices for raw materials. It is stated that the GDP has almost
doubled in terms of per capita. [7] in these conditions, the priority
of providing support to small innovative enterprises is crystallized
on the basis of providing them with guarantees and preferential
loans, as well as information about the state of the innovation and
investment market. Most researchers in the field of Economics
suggest ways and means of stimulating innovative activity of
domestic enterprises as ways to solve this problem [8,9].
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elements for ditches are produced. Rails are not produced in
Bulgaria. Railway turnouts are only completed and assembled in
Bulgaria [9]. The remaining elements are manufactured, stored,
transported and deposited on the railway track [10]. And the
possibility of full mechanization, automation and robotization of
production applies to them [11]. An important part of the
preparation of construction works is the simulation of the
movement of a newly constructed or reconstructed section [12] and
the solution of the train movement equation [13]

1. Introduction
The construction industry faces new challenges in the transition
to the fourth industrial revolution [1, 2]. The preparation goes
through the European institutions, the Bulgarian government [1],
business level discussions and industry alliances [2]. The priorities
of the European Union are: promoting the development of
innovation, creating and developing a sustainable and circular
economy, protecting intellectual property in the development of
new technologies, developing social responsibility and promoting
international activity and connectedness.

3.1 Production of reinforced concrete sleepers

Similar are the priorities of the Bulgarian government, but
otherwise arranged in accordance with the prepared strategy for the
transition to the digital economy and the views of the Bulgarian
Commissioner for Innovation, Research, Culture, Education and
Youth with the previous line Digital Economy and Digital Society.
The introduction of new digital technologies into the economy and
society is encouraged, as well as the digitalization of businesses for
increased export orientation and competitiveness in order to reach
the European average. The link between science and industry is
encouraged through participation in international programs,
initiatives and networks related to innovation and training [3]. The
entry of global companies into the Bulgarian economy is facilitated
with the aim of transferring new technologies, standards and
modern production based on innovation and digital technologies [4,
5]. The creation of scientific, organizational and institutional
capacity for education and training for the fourth industrial
revolution is stimulated [3]. An important part of innovation is in
the field of environmental protection [6] and the reuse of
construction resources in railway repair and rehabilitation [7].

The production of concrete sleepers is currently going on an
assembly line Fig.1. There are operated two factories producing
sleepers in Svishtov and Varna [9]. Supplied raw materials, building
materials, additives and fuels the process is fully automated with
conveyors and dispensers.

2. Construction industry for transport construction
The construction industry in the field of transport construction
has a number of features that generally favor the introduction of
new technologies [8]. The production of building materials and
products includes:
• extraction and transportation of raw materials and additives,
• working on a production line or continuous production,
• processing of the finished product: packaging, packaging,
storage and transportation to the end user.
All of these stages lend themselves to mechanization,
automation, robotics and centralized control of all processes.
Modern factories and plants can lead to almost complete automation
of production. For example, a brick factory in Lukovit employs 300
people before upgrading in 2007, and subsequently, with the entry
of a foreign investor with innovations, 5 shift workers service and
control the production line.

Fig. 1 Factory for concrete sleepers

Design of reinforced concrete sleepers to become operational
loads, depending on the conditions in which they work, it is
different [9, 14]. It is assumed and the introduction of new
materials, for example at railway level crossings. [15] Reinforced
concrete sleepers are produced by prestressing the reinforcement
Fig. 2 in the middle. Reinforcing steel can be of 3 mm or 6 mm
thick wires. 5 or 6 sleepers are placed in one formwork power form.
Plastic dowels are pre-assembled at the mounting points of the
railway track screw.

3. Examples of construction industry
For the needs of the transport construction, and more
specifically of the railway construction, rails, sleepers, railway
turnouts, cement, construction elements and products for artificial
railway facilities, platforms, poles for catenary, reinforced concrete
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Fig. 4: Decoding, quality control and arrangement of transport units [3]
Fig. 2: Production line for sleepers: anchoring reinforcement

Based on the above, it can be concluded that the production of
reinforced concrete sleepers can be automated and robotic. Most
processes are standard. There are clear and measurable criteria for
checking, control and moving to the next operation.

Concreting is completely automated Fig. 3 left. The formwork
forms on a vibratory mass until the appearance of cement milk on
the surface [8]. Water cement ratio for high-strength concrete is
such that initially the mixture appears dry.

3.2 Production of ceramic elements
The production of ceramic products (bricks, ceramic blocks and
tiles) can be modernized by introducing automation. For example,
the ceramic factory in Lukovit was upgraded and modernized in
2007. Production was fully automated and robotized.

Fig. 3: Industrial line for sleepers: concreting, vibrating and steaming
Fig. 5: Automatic supply of raw materials, additives and fuel [16]

For quicker curing of the concrete, additives and steaming is
used Fig. 3 right. After steaming for 2 days, the traversers are
decomposed from formwork Fig. 4. Follow quality control, check
for strength and prepare for transportation.

The supply of raw material (clay), additives and fuel is
automated Fig. 5 [16]. There is a stock of raw material within the
production line for two weeks. Forming, cutting and stacking of
finished ceramic blocks are fully automated and robotic Fig. 6. The
latter process is particularly delicate given the softness and delicacy
of clay before baking.
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3.3 Cement production
Cement production also lends itself easily to automation and
robotics. The production process is continuous. A ball mill for
preparation of the raw material and a becaring furnace are for
roasting the clinker and the additives Fig.8. All processes can be
automated. The main feature of the process is that all producers in
the industry in Bulgaria are leading international companies [17].
They bring innovative solutions in line with the strategy for the
implementation of the digital economy in the Bulgarian industry.

Fig. 8: Cement plant [17]

Fig. 6: Formation of ceramic blocks, cutting and robotic stacking [16]

4. Conclusions

Before and after removing the ceramic blocks from the
industrial furnace, they are controlled by an operator to check the
dimensions and preserve the shape. After removing the furnace the
blocks are arranged by industrial robots Fig. 7 on the left [16]. The
latter increases the processing speed, given the high temperature
they are going through.

The construction industry in the field of transport engineering
can be automated and robotized. It requires: strong fundamental
education [3] with a focus on digital technology, programming of
constriction processes [12, 13], development of production robots,
new methods of quality control [8] and co-operation with foreign
universities and innovated companies [16, 17]. In addition to new
construction, environmental requirements [6] are matched with the
reuse of railway materials and products [7]. New technologies can
also engage with strategic multinational companies carrying the
latest technologies and practical solutions.
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although representative of the same. Champion [3] describes virtual
heritage as a term that reflects the ambiguous and interpretative
nature of its processes. It is an "attempt to convey not only the
appearance but also the meaning and meaning of cultural artifacts
and related social value, designed and used through the use of
interactive and immersive digital media." The new digital legacy is
easily catching the public's attention and impacting through the
abundance of information that can be disseminated through
channels to multiple recipients. And if cultural studies in the 1990s
concerned the audiovisual presentations of heritage, presented in the
form of audio and / or video recording of a particular object, then
today we are already talking about reality and virtuality in a spatiotemporal continuum of heritage. In this sense, as Seulah Kim et al.
[4], the digital technologies of the Fourth Industrial Revolution
enrich the museum experience, enabling visitors to use others'
experience, imagination and creativity. Klaus [5] uncovers the
foundations of the Revolution in several major technologies: virtual
reality (VR), augmented reality (AR), 3D printing systems,
metadata, artificial intelligence (AI) and cloud computing. Some of
them, as well as some variants (mixed reality - MxR, augmented
virtuality - AV), are already widely used in museum activities as
well as in the creative industries around the world. As far as
Bulgaria is concerned, examples are still limited, with technologies
at the stage of learning and integration.

1. Introduction
The topic of digitalization of heritage is one of the pressing
issues regarding the protection and development of culture.
Digitalization is making Europe's cultural resources an important
pillar of the digital economy on one hand, and improving public
access to the various forms of heritage and interaction between
heritage and public on the other.
Movable and immovable cultural values stored into the memory
institutions (libraries, museums, galleries, community centers, etc.),
with the advancement of digital technologies and communications,
require a new "read", in expanded historical, geographical,
scientific, but already and technological context. This necessitates
the need for a versatile scientific and applied expertise which works
simultaneously in the field of museology, informatics and
management in order to develop and integrate innovative
technologies for managing, exhibiting and promoting museum
collections and cultural heritage. Storytelling, which is the most
important aspect of all computer-generated worlds, needs both
inspired screenwriters – museum curators and innovative
technologies to offer easy and simultaneous use of object semantics,
their digital images, their descriptions and user expectations. In
recent decades, virtual reality and augmented reality technologies
have been widely used in this field, and the rapid pace of
development has already made it possible to reproduce mixed
reality and augmented (advanced) virtuality.

The technologies listed have their points of contact, but they are
generally different. Their main characteristics also determine the
extent to which they are used and integrated in the context of the
cultural and creative industries in connection with the vitalization of
heritage.

In this sense, the research perspective that defines the present
study views the world of digitalised cultural artifacts as a
technologically mediated way not only of documenting, but also as
a new way of telling stories and disseminating cultural knowledge
in the form of virtual heritage (VH).

2.
Innovative
virtualization

technologies

for

In order to evaluate the potential for the application of the
described innovative technologies as a possibility and basis for the
development, it is first necessary to characterize them and then to
consider them in the field of research and application of the
heritage.

heritage

In the context of an active policy for the development of the
cultural and creative industries, on the one hand, and the emphasis
on the protection of cultural heritage and its integration as a
resource for sustainable development, on the other, scientific
theories and practitioners often seek opportunities to solve problems
in the field and implementation of policies through digital
technologies.

Seoulah Kim et al. [6] describe the effectiveness of VR
technology (a fully computer-generated world) as an unattainable
reality experience. Technology immerses users in a virtual
environment with no or little opportunity for direct interaction with
their immediate physical environment [7]. VR has the potential to
simulate imaginary and existing physical environments, along with
their processes.

Cultural researchers and practitioners in the cultural industries
have begun to take an interest in technologies and their applicability
in the field of heritage since the late 1990s, with many suggesting
the potential for protecting and promoting it [1,2]. Practical
examples show that over the years, technologies have facilitated the
presentation of heritage and facilitated the accumulation of a rich
digital archive of cultural content. In this sense, however, it is more
appropriate to speak of digitalization as documentation of heritage,
on the one hand, and / or of a new type of digital heritage (virtual –
VH), which has its own characteristics that differ from the
characteristics of heritage in its tangible and intangible varieties,

Azuma [8] defines AR as a system that combines real and
virtual content, provides interactive real-time environments,
registers in 3D and aims to improve the understanding or perception
of the physical environment. This is achieved by adding digital
content to the physical environment or overlaying a virtual image
on a real image.
Like AR, Augmented Virtuality (AV) also seeks to improve
consumers' understanding of the environment to which it is applied.
To this end, AV is expanding virtual environments with live scenes
of events and real-world elements. Due to the virtual simulations
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that serve as the base environment in AV, this segment, as Bekele
and Champion [9] write, can be misunderstood as a kind of VR,
which is problematic as the goal of improving the virtual scene
environment Live is to improve understanding of the underlying
virtual environment. And while VR has no direct impact on the
consumer's perceptions of the real world, AV does to some extent
this, as live scenes are transmitted from the real world.

images, with descriptions and with consumer expectations. In
addition to the scientific context, the term "heritage", considered
within the Network Society, beyond the scientific value,
semantically expands its essence in the field of cultural values
through consumer content, which complements and enriches the
story told by the artifacts and thus expands the scope in who think
and perceive heritage, and hence collective and community
memory. Thus, the institutionalized memory becomes a contact
zone, which seeks and meets its audience through active
communication in a technologically mediated way. Thanks to this
process, the museum narrative in the 21st century is no longer
linear, directed by the institution to the public, but multi-layered, in
which experts and users of heritage participate equally.

MXR technology blends real and virtual environments into
different shapes and proportions. Like AV, mixed reality is still
rarely used, especially with regard to cultural heritage.
Technologies such as the Cave Automatic Virtual Environment
(CAVE) system lessen the sense of reality and enhance virtuality.
The digital technologies described are particularly attractive to a
wide audience who are not interested or aware of cultural heritage,
especially in the part of the intangible or tangible cultural heritage
preserved in ruins.

Modern "new" museology and museum narrative have
developed in the context of the museum's crisis since the late
twentieth century, when a broad public debate began about the
foundations of the institution and its impact on audiences. The
"technological" aspect of the new museology supports the process
of heritage valuation, offering a new understanding for a wider part
of society and thus improving communication. In fact, heritage,
although derived from the past, is constructed in the present and in
this sense it should be adapted to the present. The last decade has
seen an increase in the number of digital projects that take place on
different scales and through different technological tools - from the
use of 3D visual and audio modeling of archaeological sites for
large-scale digitalization to generating entirely computer worlds
that immerse the audience in the past. , using the technologies listed
in the previous section. The new instruments provide a new
experience and involve the active participation of the public in the
museum narrative. As Henderson argues [13], the range of leisure
activities is expanding, changing social practices, the use of time
and places for leisure. In other words, to meet today's challenges
and the development of communities, the museum in the new
century is transformed from an educational to an entertainment
institution. This, of course, does not mean that the dissemination of
knowledge remains in the background, just the focus has changed,
according to the requirements of modern times. In this line of
thought, it is technology that mediates the balance between the
various functions of the new museology.

The technology itself is sufficient to elicit public curiosity,
lower accessibility barriers, and as mentioned above, there are
multiple opportunities to disseminate through multiple channels to
multiple recipients. This means that the general public has direct
access to the media of the culture in question and the opportunity to
experience and gain experience in a comfortable and enjoyable
environment that enhances the motivation and awareness of the
audience and thus helps to preserve and develop the heritage [10].

3. Heritage virtualization in museum narrative
The topicality of the researched field presupposes increased
scientific interest in the topic in recent years. At the same time, the
rapid development of technology, on the one hand, and the sluggish
institutional system in the field of cultural heritage, on the other,
focus researchers on the problems of digitalization from the point of
view of heritage documentation in particular. The potential of tools
such as 3D, AR, VR and their variations remain relatively little
studied in terms of their use in the field of heritage. However, as
pointed out by Asenjo, Economou and Meintani [11], museums are
leading in the experiments with these new technologies and the
ways in which it can be used as educational tools. As far as Bulgaria
is concerned, there is not only a lack of theoretical reasoning on the
issue, but also a delayed application of these new technologies in
comparison with other European countries. However, it should be
noted that our country is cited as a good example in the EU Report
2019 in connection with the implementation of the
Recommendations on the digitization and online accessibility of
cultural materials and digital storage [12]. The project implemented
by the Municipality of Plovdiv creates a digital center for
construction of 3D models of buildings, urban areas and objects,
which distinguishes it as a good practice at European level in terms
of digitalization of immovable cultural monuments. This important
fact implies increased interest and rapid progress in the coming
years of our country in terms of the applicability of digital
technologies in the field of heritage.

Navarrete [14] summarizing Falk and Dierking's idea of the
museum as entertainment, writes that the time to visit the institution
increases, including the period before, during and after the actual
visit. According to Navarrete, the overall museum experience is
shaped by finding information on the Internet, visiting, sharing
images on social media and gaining new knowledge and memories.
In other words, technology is an important part of the overall
museum experience, and the institution's presentation on the
Internet is an important part of the museum's narrative. It should be
noted that visiting the museum today can be both physical and
virtual. And it is here that AR and VR technologies are used, less
their AV and MxR variants.
Navarrete [15] writes that digital technologies unleash the
repositioning of collections and thus the so-called Niggermann, de
Decker, & Lévy creates a new Renaissance, and the legacy finds
new applications and new users. It is about the development of new
products and services by museums such as online exhibitions,
virtual tours of exhibition halls, new processes for research, display
and management of collections, presentation of movable and
immovable cultural heritage, samples irretrievably lost to humanity.
In this way, memory institutions reach new markets and add to
existing resources opportunities to generate new capital through a
new offer for a complete experience. Through modern innovative
technologies, it now includes not only the cultural artifact and
verbal (or textual) presentation by the tour guide, but a complete
immersion in the atmosphere of the past through an audio-visual
presentation that mixes real and virtual environments.

The digitization of heritage or the use of computer-generated
worlds to disseminate cultural knowledge in the form of virtual
heritage can be called "new museology". Within the changing
environment, movable and immovable cultural values stored in the
institutions of memory (libraries, museums, galleries, community
centers, etc.) require a new "reading", in an expanded historical,
geographical, scientific, and now technological context. This
imposes the need for multifaceted scientific and applied expertise,
which works simultaneously in the field of museology, informatics
and management, in order to develop and integrate innovative
technologies for management, exhibition and promotion of museum
collections and cultural heritage in general. In this sense, museum
narrative and storytelling, which is the most important aspect of all
computer-generated worlds, needs both inspired screenwriters museum curators, and innovative technologies that offer easy and
simultaneous handling of the semantics of objects. , with digital

In 2004, Wojciechowski et al. [16] offer the ARCO system Extended Presentation of Cultural Objects as part of the Fifth
Framework Program of the European Union (IST-2000-28336).
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This system allows the museum to easily create virtual exhibitions
using AR and VR technologies. The application can be used both in
the physical environment and on the Internet, allowing visitors to
interact with the content in an intuitive way. An example of such an
exhibition is "Travels in the Mediterranean" from February 2020 at
the Lumiere Gallery in Paris. The interactive exhibition includes
over 500 paintings by famous artists, most notably Claude Monet
and Auguste Renoir, presented through holographic images
projected over more than 3,000 square meters. The paintings
literally come to life in front of the visitors against the background
of classical jazz. In a similar aspect, the Rijksmuseum presented
Rembrandt's voice recreated through biometric data. It is
superimposed on the image restored on the basis of portraits of the
artist and so the museum successfully teaches drawing lessons in a
digital environment.

implemented in mobile applications offer routes for visitors to
follow in the museum space, others - outdoor routes, quizzes and
even more complex approaches to gamification, of course , there are
also applications that simply provide information about inheritance
assets in the form of texts, videos or other resources.

Riedel et al. [17] presents a system for improving the readability
of difficult-to-read details of artifacts due to their poor physical
condition. The system projects an expressive 3D visualization on a
real object, emphasizing its characteristics in real time.

Technology is evolving rapidly, and if years ago its use was an
expensive pleasure for large museums, today even the smallest can
afford innovation. An example in this direction can be the
Archaeological Museum - Sandanski, which employs only 4 people.
A virtual guide - an archbishop from the period of early
Christianity, recreated using AR technology, complements the team,
helping to serve visitors with a story about the history of the ancient
basilica. The holographic image of Spartacus is the other innovation
that impresses the audience of the museum. Full-length, the ancient
Thracian complements the museum narrative with a first-person
narrative. The described innovations are available thanks to the
proliferation of smart devices, still an expensive pleasure remain
HDM devices that offer complete immersion in the past.

Regarding the use of AR and VR in the context of heritage,
research on the products created has been done in Spain, Italy,
Greece, Korea and Malaysia, which research is summarized by
Luna, Rivero and Vicent, which summarize that projects such as
LIFEPLUS, ARCHEOGUIDE, Itacitus [27], Ancient Pompeii [28,
29] and other have been shown to increase visitors' understanding of
cultural heritage. The reason is found in the personalized content
that engages the audience through interactive interaction with the
heritage.

The 3D Murale project [18] – 3D measurement and virtual
reconstruction of Europe's ancient lost worlds - aims to develop a
system capable of recording phases of archaeological excavations
using virtual reality technologies. In addition to artifacts,
stratigraphic layers can also be modeled. This requires the use of a
variety of 3D shooting techniques. In addition, the project offers the
reconstruction of exposed remains of ceramics, sculptures and even
buildings, as well as their visualization. Similar is the
ARCHEOGUIDE [19] project, which allows visitors to see virtual
reconstructions of ancient buildings. Users are equipped with an
HMD device (literally - Head mounted display). Depending on the
position of the visitor, the device displays relevant information. The
LIFEPLUS [20] project has similar functions, the main difference
being that in this case real-time 3D simulations of ancient fauna and
flora are covered.

4. Conclusion
The advantage of the virtual heritage, reconstructed through
innovative technologies, is found in the possibility for full
restoration of the currently destroyed monuments. Through AR and
VR, the exterior and interior of buildings preserved in ruins is
completely possible, without contradicting the Venice Convention
on the Restoration of Immovable Cultural Monuments. Moreover,
they can not only be reconstructed, but also brought to life by
technology. Based on preserved historical data, it is quite possible
for the history of an object to be told in the first person by a
historically charged person. All this is without a doubt an intriguing
presentation that not only engages, but intrigues audiences and
creates a new visitor experience - real or virtual.

Miyashita et al. [21] offer an AR-based digital guide designed
for two main purposes: to provide visitors with information that
allows them to fully understand works of art, and to help them
navigate the exhibition space in a meaningful way.
Han [22] also presents AR systems for outdoor cultural heritage
based on innovative technologies. These systems can recognize a
cultural heritage site in real time by virtually reconstructing the 3D
object in a real visual environment. An example of such a
presentation is given by Banterle et al. [23] with the augmented
reality application LecceAR. Of course, in practice there are other
similar examples, including from Bulgaria.

As Luna, Rivero and Vicent [30] point out, it is important to
conclude that research is difficult and even more difficult to
construct in terms of the use, application and impact of technology
on museum narrative and visitors. The reason is the rapid pace at
which innovation develops, which leads to constant change and
innovation. This complicates the research in the long run, because at
the moment when a given technology has been studied and applied,
there are already new ones that make the previous ones meaningless
and in this context the research is no longer relevant. This is a
special case in Bulgaria, where only in recent years there has been
talk of the existence of virtual and augmented reality, and their
application in the field of heritage began only 2-3 years ago. At the
same time, globally, for example, Italy, China and other countries
with a rich cultural heritage already have comprehensive policies in
place regarding the use of technology. The EU has even developed
technology visualization standards through the London Charter
[31]. While we in Bulgaria continue to understand digitalization as
documentation of heritage, focusing on the lack of unified software
for digitization of cultural values.

Another example of an open-plan solution is the Ename 974
project, aimed at the virtual reconstruction of an extensive
archaeological site located in Ename, Belgium [24]. Through
stationary AR kiosks, visitors have the opportunity to experience
the reconstruction of medieval buildings by visualizing virtual
models superimposed on video data captured by a camera. Through
special touch screens, users can control the camera and the
displayed data.
Virtual Showcase Projects [25] are designed to eliminate the
need to use conventional methods for representing cultural objects.
The project aims to integrate AR technology into traditional
museum showcases so that virtual images are projected on the side
of the artifacts, allowing users to explore both the physical artifacts
and their virtual reconstructions.
It is particularly important to note that all these applications of
new technologies in the field of cultural heritage create an entirely
new museum narrative in which the public is fully engaged. All
these innovations involve not just contemplation of heritage, but
active participation in the process of knowledge creation. This
process can be further enhanced by the introduction of game
elements in the narration (perception) of the heritage. As Luna,
Rivero and Vicent write [26]- some innovative technologies

An important factor in terms of heritage virtualization and the
change in the museum narrative is funding. Although technology
prices are becoming more affordable, economic resources are a
prerequisite for the development of quality tools that are based on
clear educational and / or entertainment objectives and that can be
changed and improved after the analysis of the results.
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The presented innovative technologies and good practices allow
museums to present their collections and preserved heritage in a
new and intriguing way for the public. Thus, the so-called new
museology. The "technological" aspect of the new museology
supports the process of heritage valuation, offering a new
understanding for a wider part of society and thus improving
communication. The museum's narrative of linear, directed by the
institution to the public, gradually becomes multi-layered, in which
experts and users of heritage participate equally. This process opens
up new opportunities, but also new challenges in the field of
cultural heritage.

19. V. Vlahakis, J. Karigiannis; M. Tsotros,; M. Gounaris, L.
Almeida, D. Stricker,, T. Gleue, I.T.Christou, R. Carlucci, N.
Ionnadinis. ARCHEOGUIDE: First results of an Augmented
Reality, Mobile Computing System in Cultural Heritage Site. In
Proceedings of the 2001 Conference on Virtual Reality,
Archeology, and Cultural Heritage, Glyfada, Greece, 28–30
November 2001; Arnold, D.B., Chalmers, A., Fellner, D.W., Eds .;
ACM New York: New York, NY, USA, 2001; pp. 131–140

20. G Papagiannakis, M. Ponder, T. Molet, S. Kshirsagar, F.
Cordier, M. Magnenat-Thalmann, D. Thalmann. LIFEPLUS:
Revival of life in ancient Pompeii, Virtual Systems and Multimedia.
In Proceedings of the Virtual Heritage Media Art and Creative
Technology Media and VR TechnologyWireless Life and Culture
Virtual Medicine (VSMM2002), Gyeongrj, Korea, 25–27
September 2002

5. References
1. C. Karp. Digital heritage in digital museum. Mus. Int. (2004)

2. L. King, J. F. Stark, P. Cooke. Experiencing the digital world:

21. T. Miyashita, P. Meier, T. Tachikawa, S. Orlic , T. Eble, V.
Scholz, A. Gapel, O. Gerl, S. Arnaudov, S. Lieberknecht. An
augmented reality museum guide. In: Proceedings of the 7th IEEE /
ACM International Symposium on Mixed and Augmented Reality.
IEEE
Computer
Society,
pp.
103–106
doi:
10.1109/ISMAR.2008.4637334 (2008)

The cultural value of digital engagement with heritage. Herit. Soc.
(2016)
3. E. Champion. Critical Gaming: Interactive History and Virtual
Heritage, London: Routledge, pp. 95 (2016)
4. S. Kim, D. Im, J. Lee, H. Choi. Utility of Digital Technologies for
the Sustainability of Intangible Cultural Heritage (ICH), pp.6
(2019)

22. J.-G. Han, K.-W. Park, K.-J. Ban E.-K. Kim. Cultural Heritage
Sites Visualization System based on Outdoor Augmented Reality.
AASRI Procedia. 4. 10.1016/j.aasri.2013.10.011. pp. 64-71 (2013)

5. S. Klaus. The Fourth Industrial Revolution. Crown Publishing
Group: New York, NY, USA (2016)

23. F. Banterle, F.A. Cardillo, L. Malomo, F. Gabellone, G. Amato,
R. Scopigno. LecceAR: An Augmented Reality App, in Digital
Presentation and Preservation of Cultural and Scientific Heritage
(DiPP), September 2015, Veliko Tarnovo, Bulgaria, pp. 99-108

6. Kim et al., Ibid, pp. 8 (2016)
7. J. Carmigniani, B. Furht, M. Anisetti, et al. Augmented reality
technologies,
systems
and
applications. Multimed
Tools
Appl 51, 341–377 (2011). https://doi.org/10.1007/s11042-010-06606

24. R. Wojciechowski, Kr. Walczak, M. White, W. Cellary.
Building Virtual and Augmented Reality museum exhibitions.
Web3D Symposium Proceedings. 135-144. 10.1145 /
985040.985060 (2004)

8. R. T. Azuma. A survey of augmented reality. Presence
Teleoperators Virtual Environ, pp. 355–385 (1997)

25. O. Bimber, B. Fröhlich, D. Schmalstieg, L. M. Encarnação. The
Virtual Showcase. IEEE Computer Graphics and Applications, 21
(6), 48-55 (2001)

9. Champion. Ibid, pp. 2 (2019)
10. Kim et al. Ibid, pp. 7 (2019)

26 Luna, Pilar, Vicent. Ibid, pp.3 (2019)

11. U. Luna, P. Rivero, N. Vicent. Augmented Reality in Heritage
Apps: Current Trends in Europe. Appl. Sci. (2019) 9, 2756
https://doi.org/10.3390/app9132756

27. E. Bonacini. La realtà aumentata ele appurali in Italia: Storie
da un matrimonio in mobilità. The Cap. Cult. Stud. Value Cult.
Herit.
2014,
89–121.
Available
online:
https://riviste.unimc.it/index.php/cap-cult/article/view/740
(accessed: 10.05.2020).

12. Recommendation (2011/711 / EU)
13. K. Henderson. Expanding the meanings of leisure in a both /
and world. Society and Leisure, 31 (1), 15–30. doi: 10.1080 /
07053436.2008.10707767. (2008)

28. N. Noh, M. S. Sunar, Z. Pan. A Review on Augmented Reality
for Virtual Heritage System. In Learning by Playing. Game-based
Education System Design and Development, Proceedings of the 4th
International Conference on E-Learning and Games, Edutainment
2009, Ban, Canada, 9–11 August 2009; Chang, M., Kuo, R.,
Kinshu, K., Chen, G.D., Hirose, M., Eds .; Springer: New York,
NY, USA, 2009; pp. 50–61 (2009)

14. Tr. Navarrete. Digital heritage tourism: innovations in
museums, World Leisure Journal, 61: 3, 200-214, DOI: 10.1080 /
16078055.2019.1639920, pp.4 (2019)
15. Navarrete, Ibid, pp.5 (2019)
16. R. Wojciechowski, K. Walczak, M. White, W. Cellary. Building
virtual and augmented reality museum exhibitions. In: Proceedings
of the ninth international conference on 3D Web technology. ACM,
(2004)

29. G. Papagiannakis, et el., Ibid. (2002)
30. Luna, Pilar, Vicent. Ibid, pp.5 (2019)
31. London Charter for the Computer-based Visualisation of
Cultural
Heritage
(2006)
[online].
Available
at:
http://www.londoncharter.org/introduction.html
(Accessed:
20.04.2020)

17. Br. Ridel, P. Reuter, J. Laviole, N. Mellado, N. Couture, X.
Granier. The Revealing Flashlight: Interactive spatial augmented
reality for detail exploration of cultural heritage artifacts The
Journal on Computing and Cultural Heritage. 7. 1-18.
10.1145/2611376. (2014)
18. J. Cosmas, T. Itagaki,, D. Green, Edw. Grabczewski, Fr.
Weimer, L. Van Gool, Al. Zalesny, D. Vanrintel, Fr. Leberl, M.
Grabner, K. Karner, M. Gervautz, St. Hynst, M. Waelkens, M.
Pollefeys, R. DeGeest, R. Sablatnig, M. Kampel, 3D MURALE: a
multimedia
system
for
archaeology.
297-306.
10.1145/584993.585048. (2001)

72

INNOVATIONS Issue 2/2020

Innovative hybrid fiber-reinforced shotcrete for thin repairing concrete overlays
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Abstract: Shotcrete is a technology patented in 1911 by Dr. Carl Akeley - curator at the Field Columbian Museum in, Chicago. The system
enables one to place a cement-sand mix or concrete on various surfaces via high pressure and casing by means of special equipment - a
shotcrete machine. In fact, this is a method for concrete casting by pressure through a hose and pipe-lines at high velocity into the
surface. Two basic methods of shotcrete exist - “dry” and “wet” ones. The report discusses the main technological features of the two
methods, analyzing their advantages and disadvantages. Emphasis is placed on the possibilities of rational choice of one of the two varieties
of technology depending on multiple factors of complex nature. In a synthesized way are presented their potential for carrying out
specialized construction works - repair, reconstruction and strengthening of damaged reinforced concrete constructions, consolidation of rock
massifs and slopes, construction of tunnels, swimming pools and other special facilities. The effectiveness of the "wet" method is based to
real possibilities to involve in concrete mix design different chemical innovative admixtures - ultra high range water reducing (HRWRA),
shrinkage compensating (ShCA), internal crystallization one, etc. Preliminary estimates are presented for their economic expediency under
specific conditions.
Keywords: DRY AND WET SHOTCRETE, INDUSTRIAL CONCRETE STRUCTURAL REPAIR, FIBER-REINFORCED CONCRETE,
HRWRA, INTERNAL CRISTALINE ADMIXTURES
The mix of homogenized dry materials and water is directly
shot to the attacked surface, which can be horizontal, vertical or
overhead (ceiling). There is not casing and no need of preparing a
subsequent mix with conventional workability and compaction
(with water/cement ratio significantly higher than that needed for
matrix hydration).

1. Introduction
The most industrial reinforced concrete structures usually suffer
from different specific production and environmental aggressive
factors. That means specific corrosion damages observed in time.
Some of them needs urgent repairing actions.
Following good manufacturing practice, it means precise
formulation of specific tasks, parameters and principal goal of
repairing work, passing by developing of original structural design
to increase the technical characteristics of the steel reinforced
concrete structure to its initial (as designed) or better state. A basic
requirement to the design is the observation of the principles of
reasonable sufficiency of the offered solutions, concerning
optimization of the thickness of the new concrete cover of the
reinforcement, deposition of a low-weight anti-corrosion layer,
protecting from atmospheric impacts, freezing, carbonation, UV
rays, etc. In addition, development of technical regulations of the
planned repair is also envisaged.

Fig. 1 Dry shotcreting system

Nowadays some different types of ultra-thin concrete overlays
are preferred for structural repairing. The usage of methods of
shotcreting are enough reasonable. Shotcreting of a new special
concrete mix design layer, without the use of formworks, employed
to recover the initial cross section, seems to be the most appropriate
technological method. Such an approach is adopted as a basic one in
some technical projects, where as a technical-economical
comparison between the two methods of shotcreting - “dry” and
“wet” depositions, is presented below.

Fig. 2 Dry shotcrete machine

2. Shotcreting - basic principles, technological
systems, technical comparisons
Shotcreting is a technology patented in 1911 by Dr. Carl
Akeley. The system enables one to cast a cement-sand mix or
concrete on various surfaces via high pressure by means of special
equipment - a shotcreting machines. Two basic methods of
shotcreting exist - “dry” and “wet” method [1].
A mix with cement and added sand (0-4 mm), prepared “dry”
and deposited on a surface is known as dry shotcrete while that with
aggregate fraction up to 20 mm - as sprayed concrete.

Fig. 3 Wet shotcreting system

Regarding the “dry” method of casting (Fig. 1), a homogenized
mix of cement and aggregates (usually with dimensions 4-20 cm,
most often-up to 10 mm), with eventually added special liquid
or/and dry powdered admixtures and various fibers, is prepared. It is
carried to the hopper of the shotcrete machine (Fig. 2) and then
conveyed under high pressure through a hose to a special mixing
nozzle. Water is separately supplied through another hose.
Fig. 4 Wet shotcrete machine
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A comparison between the basic advantages and disadvantages
of both methods of shotcreting based on their potential to guarantee
layer’s specific technical and other properties is given in Table 1.
The comparisons are made taking into account specific building
project (Silos for Light Soda, SOLVAY SODI JSC, town of
Devnya, Bulgaria - Photo 1), where the first designer's proposal is
based on "dry" shotcreting by using a ready-made product MC
Torkret W-81.

Hence, the actual shotcreted mix is with significantly lower
water/cement ratio (often in range of 0,35-0,40). This predetermines
a number of essential concrete advantages- high density and
strength, low permeability (high water impermeability), high
corrosion resistance, minimized shrinkage etc.
The system for “wet” shotcreting (Fig. 3) employs special
machines (Fig. 4) and supposes casting of a specific concrete mix.
Its preparation is centralized in batching plant and its consistency is
prescribed (the usual water/cement ration is below 0,45). The use of
cement of good quality is desirable when applying both methods.
Cement type can be СЕМ І 42,5 or СЕМ І 52,5R combined with
appropriate cement replacing materials (fly-ash from thermal
electric power stations, micro-silica powder, blast furnace slag),
various powders or liquid chemical admixtures (bonding and
hardening agents, internal crystallizations, shrinkage compensating
admixtures, etc.), efficient fiber-reinforcement (steel and/or
polymer fibers).
The limits of optimal aggregate sieve curves is shown in Fig. 5
in accordance of requirements of European Federation of
National Associations Representing producers and appliers of
special building products for Concrete, EFNARC European
Specification for Sprayed Concrete [2]. It is seen that the dry
method supposes the use of finer fractions of aggregates.

Photo 1 - Silos for Light Soda, SOLVAY town of Devnya, Bulgaria

Generally, the choice of a method of shotcreting should be
based on a multifactor analysis accounting for a maximal number of
technical-technological and economic factors (sometimes
contradicting each other). So called theory of five “W”-questions
(What? Why? Where? When? Who?) is especially popular in
specialized literature [3]:
What – defines the type and goal of work;
Why – whether one has correctly selected the shotcrete
technology from a technical-economical point of view, which
technology is “Yes”;
Where – site, peculiarities of object location and possibility to
arrange the equipment and supply materials;
When – climate in the course of operation, exploitation terms
and start;
Who – who is the contractor; are all technical and personal
requirements to the execution of task available?

Fig. 5 Optimal limits of aggregates sieve curves to “dry” and “wet”
shotcrete

Mix fibers are bound to oppose the formation of micro-cracks
due to shrinkage and other genesis, and they increase the abrasion
and shock resistance, tension and bending strength, as well as
ductility. When using structural steel or polymer fibers, the fiber
length should not exceed 70% of the internal diameter of the used
pipes or hoses, except for the case when preliminary tests prove that
longer fibers can be shotcreted without blockage.

Trends of possible comparisons between the two shotcreting
methods are numerous but they can be synthesized as follows:
“Dry” shotcreting, especially based on operations with
representative materials, previously selected and packed, is a
simplified technology. It is effective under tough conditions - hardly
accessible mountain sites, small areas bound to single stage
deposition, small coating thickness, limited productivity and
prolonged terms of deposition. The inevitable subjectivity of the
choice of deposition is a peculiar disadvantage of the method (the
basic technical characteristics of the ready product depend on the
subjective water dosage by the nozzle-man operator). The intensive
dusting during operation is also a major disadvantage.

Prior to mix casting, one should appropriately prepare the
surface- remove surface non-bonded unsound particles, perform
qualitative water saturation, assemble the reinforcing mesh if
planned, mark the designed thickness and stop eventual leaks.
Mix casting proceeds in layers with different thickness of an
order 3-8 (12-15) cm depending of the casting conditions – surface
type (outdoor or underground rock massive, old concrete,
brickwork, earth embankment, repair etc.), site characteristics,
operator’s skills and admissible rebound of the material impelled
onto the surface (i.e. shotcreted concrete that should stuck to the
surface). Each layer is successively deposited after the previous one
has attained a specific strength.

„Wet” shotcreting is based on work with certified concrete
mixes, being “intentionally” designed and industrially prepared.
Their optimization is flexible to meet the specific technical
requirements and conditions of exploitation. A potential of multifactor optimization of the concrete mix design also exists. It
consists in the variability of selection of cement, aggregates, special
chemical admixture with strong water reduction effect, special indepth crystallizers and polymer modifiers, shrinkage compensating
agents, fiber-reinforcement consisting of various types of fibers, etc.
The basic advantages of the method are its increased productivity,
possibilities of a single-stage deposition of a thick layer, minimal
operational subjectivity and increased ecology-friendliness of mix
homogenization and casting. A disadvantage of the method is the

Usually, the surface should be manually finished after attaining
the designed layer thickness using wooden or magnesium mortar
boards. Then, concrete should be looked after pursuant to the good
manufacture practice.
The designed characteristics of concrete are proved by a special
sampling (preparation of so-called concrete “panels” during
concrete casting and subsequent core drilling) and by core testing in
conformity with the actual standards.
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shorten the term of deposition).Yet, for the sake of correctness, each
comparison requires precise specification of all conditions of mix
deposition.

impossibility of its application if there is no certified concrete plant
nearby.
Table 1 COMPARATIVE TABLE to characterize the peculiarities of “wet”
and “dry” shotcreting
Index

Cement type
Max size of aggregates
(Dmax), mm
Minimal single layer
maximal thickness, mm
Maximal single layer
thickness, mm
Maximum total laying
thickness, mm
Possibility for fiberreinforcing with:
- shrinkagecompensation function;
- structural function
Compressive strength at
28-days of age, МРа
Rebound (vertical
casting) in total
thickness of 100 mm,%
Adhesion to prepared old
concrete surface, МРа
Water absorption, %
Frost-resistance class Cfr
(BDS EN
206:2014+А1:2016/NA:
2017 – NA.0.2)
Possibility to use superplasticizers
(poly-carboxilates)
Possibilities to
incorporate in concrete
mix special deep
crystallization
admixtures – selfhealing, water-proof
concrete, 4G impermeable concrete
Time depending concrete
pore structure with
positive effect to
impermeability of the
cross-section
Water impermeability
(BDS EN
206:2014+А1:2016/NA:
2017)
Depthofpenetrationofwat
erunder pressure
(BDS EN
206:2014+А1:2016/NA:
2017)
Possibility for concrete
polymer-modifying
Active dusting in
operation
Disadvantages due to
max layer thickness –
Disadvantages due to
max layer thickness –
lenses (delaminating
potential)

Wet shotcrete GENEGAL
(variant proposed)
Due to production
requirements
(sulfate resistant)
Up to 25
(8)
In function of (Dmax)
(30)
Up to 200
(200)
Up to 400
(400)

3. Analysis of the adopted technical method of
repair of HEAVY SODA SILOS - advantages and
disadvantages

Dry shotcrete GENEGAL
(MC Torcret
W-81)
Due to production
requirements
(sulfate resistant)
to 8
(5)
20 (25)

A repair and recovery of the steel reinforced surface of HEAVY
SODA SILOS (the job site is near to the LIGHT SODA SILOS)
are partially underway at the moment. The technological order of
work includes treatment of the entire uncovered surface by sand
blasting, mechanical treatment of visibly “weakened” areas in-depth
of the cross section, cleaning and dust removal, anchoring of an
additional steel welded mesh N8 (15x15 cm), corrosion protection
of the uncovered reinforcement and the new mesh, “dry” deposition
of three layers of representative dry shotcrete, type MC Torkret
W81, with total thickness of 7-8 cm, deposition of a moisture
blocking membrane based on Colusal MK and polymer
(secondary) finish protection MC DUR 2496 CTR - all prepared
and supplied by MC Bauchemie, Germany.

Up to 30
(30)
Up to 100
(100)

Yes (yes)

Yes (no)

Yes (yes)
30-60
(60)
10-20
(10-15)

No (no)
30-80
(45)
20-40
(15-25)

1-2
(1,5)
(8)

1-2
(1,5)
(9,4)

(200)

(200)

Yes
(yes)

No
(no)

yes
(yes)

yes
(no)

The technical characteristics of the used “dry” shotcrete mix are
given in two technical sheets- Bulgarian translation and an original
English text. Note however the essential difference between the two
documents regarding the specified actual parameters - Table 2.
The analysis of data submitted in the Bulgarian text shows nonproportionately high frost resistance of 200 cycles at a significant
value of water absorption of 9,4% - we believe that the lack of such
data in the English text is not accidental.
There is an essential mismatch between the declared values of
the degree of adhesion to the substrate- it is over 3,00 MPa in the
Bulgarian version while it exceeds 1,5 MPa in the English text.
Table 2 Technical characteristics of “dry” shotcrete MC Torkret W81

Yes, permanent
deep crystallization
with self-healing
action)

No permanent deep
crystallization with
self-healing action

Вв1,0

(no data available)

up to 10 mm

Yes
(Yes)
No
(No)

None

Characteristics

Maximal size of aggregate
particles, mm
Compressive strength at age
of:
- 7 days, МРа
- 28 days, МРа
Adhesion to the substrate,
МРа
Water absorption, %
Frost resistance, cycles
Rebound, %, from a vertical
surface and at layer
thickness:
- 25-30 mm
- 30-100 mm

Value in:
Technical data
Technical data
sheet
sheet
in Bulgarian
in English
5

8

37
over 40

over 35
over 45

over 3,00
9,4
200

over 1,50
-

-

25-35
15-25

no data available

Yet, the English text provides plausible data, too (confirmed by
other references) concerning rebound during shotcreting of a
vertical surface and different values of layer thickness. The latter
amounts to 25-35% of a thickness ranging from 25 to 30 mm (the
thickness of a monolayer of shotcreted heavy soda silos), and to1525% of a thickness ranging from 30 to 100 mm. Such data lack in
the Bulgarian version.

Yes
(Yes)
Yes
(Yes)

Both documents do not specify concrete type and class. Yet,
appliers claim that the dry mix for shotcreting of heavy soda silos is
based on sulfate resistant cement, which is the requirement of
SOLVAY SODI JSC. The above arguments justify the use of the
English data in further comparisons.

Yes

We will discuss below the difference between the total cost of
the offered technical solution and that of the actually executed
repair of heavy soda silos after a precise description of the entire
technological system for “wet” shotcreting.

Preliminary economic considerations prove the advantage of
“wet” shorcreting over “dry” shotcreting (regarding identical
technical characteristics, enough water volume and a possibility to
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a layer with thickness larger than 10 cm at minimal rebound and
productivity of 30 m3 daily.

4.

Proposed new technical solution using the
method of “wet” shotcreting

The task was successfully executed where the reinforcement
was performed within 5 days and the shotcreted area exceeded 200
m2 - Photos 2-5.

Repairing works of concrete and steel reinforced concrete
structures of different type via shotcreting is a comparatively
obscure activity in Bulgaria. Most often, the available experience is
reduced to shotcreting aiming at:
 consolidation of earth/rock massifs in infrastructural (tunnel
in particular) and hydro-constructions;
 repair-recovery – tunnel facing, piers and posts of bridge
structures, towers and chimneys etc.;
 increase (rarely) of the bearing capacity of existing steel
reinforced structures – in cases when the bearing capacity is
not proved (in new constructions) or as a structural
necessity if the exploitation conditions change.

Despite the offered design or the higher exploitation capability
claimed, the specificity of the present project requires that the repair
guarantee a specific degree of structure durability under specific
corrosion attack on concrete and steel reinforcement. It is based on
the specification of the minimal requirements to the concrete
substrate and reinforcement cover, pursuant to BDS EN 1992-11:2005 Eurocode 2: Design of concrete steel reinforced
structures, Part 1-1: General regulations and regulations for
buildings, National appendix (NA:2011), respectively.

In our case, besides the existing knowledge, the confidence in
applying a system for repair and recovery of steel reinforced
structures of light soda silos via “wet” shotcreting is also based on a
project which was successfully executed recently. The technology is
based on the specific technical characteristics of a specially
designed concrete mix.

In addition to the mechanical impacts during exploitation, the
structure simultaneously undergoes a durable influence of
environmental and exploitation factors – i.e. physical and chemical
impacts. The latter are classified in BDS EN 206:2013+A1:2016
Concrete.
Specification,
properties,
preparation
and
correspondence, resp. National Annex / NA:2017.
It may generally concludes that the silo steel reinforced concrete
structure operates under combined impacts of several aggressive
factors - Table 3.

Photo 2 Part of the technological
equipment

Table 3 Generalized specification of the aggressive site-factors due to
exploitation and surrounding medium
Class specification
Medium description
Corrosion due to carbonation ХС4*) Cyclic wetting and drying
Corrosion due to non-sea water
Moderate humidity
chlorides XD1
Corrosion due to sea water
Impacts of air salts without a
chlorides XS1
contact with sea water
Impacts due to freezing/thawing
Moderate water saturation in the
with or without thawing agents XF1 absence of a thawing agent
Environment yielding strong
Chemical attack ХА3**)
chemical aggression
Note:
*) Intense carbonation due to technological factors and operated by СО2.
**) Intense complex chemical attack of different character, for instance
attack of nitrogen oxides and chlorine compounds in the air

Photo 3 Supporting wall prepared
for shotcreting

Following the respective standard requirements (BDS EN
206:2013+A1:2016
Concrete.
Specification,
properties,
preparation and correspondence, National Annex/NA:2017,
Table F1) some specific (limited) concrete characteristics are given
below:





Photo 5 Shotcreting process

Compressive strength class С35/45;
Maximal water/cement ratio 0,45;
Minimal cement contents 360 kg/m3;
Sulfate resistant cement.

Pursuant to BDS EN 1990:2003 (Eurocode 2): Basic of
structural design, Item 23 (Designed exploitation term), Table
2.1, silos should be specified as installations with a post-repair
exploitation term of “category 4” (corresponding to exploitation
term of 50 years). Consider herein that the basic bearing
reinforcement after repair-recovery is not violated- it is cleaned
from corrosion damage, recovered after break, reliably protected by
deposition of a new anti-corrosion coating. Besides, a steel welded
mesh is additionally fixed to the main reinforcement thus processed.
In our case, the below procedure concerns the specification of
the thickness of the concrete cover of the external face of the
additional mesh. This in fact provides additional resource of the
newly deposited cover.

Photo 7 “Wet” shotcreted wall

We performed a complex structural study of the steel reinforced
structure of a hotel in the tourist resort “Albena” newly erected at
the beginning of the present year. We unambiguously found that
concrete of the foundation, especially at the low levels of the
bearing steel reinforced concrete structure, does not meet the
requirements of the designed class of strength. Hence, strengthening
of the cross section of the bearing steel reinforced elements
(columns and supporting walls) was recommended. This was to be
done by installing an additional steel reinforcement and increase of
the cross sectional area by shorcreting a 10-cm thick layer of special
highly- technological and fine-grain mix for “wet” shotcreting. It
was to provide a compressive strength of С30/37 and high
technological degree, as well as a possibility of single shotcreting of

Concrete cover is the distance from the surface of the outer
reinforcement (including joints, stirrups and surface reinforcement)
to the closest concrete surface. The nominal concrete cover (Сnom)
is found as a sum of the minimal cover (Сmin) plus addition (ΔСdev):
Сnom = Сmin + ΔСdev
76

INNOVATIONS Issue 2/2020

The minimal concrete cover (Сmin) should transfer cohesion
forces, provide steel protection against corrosion (durability) and
fire resistance. The adoption of the maximal value is mandatory:

improves all parameters of the concrete mix during a pre-structural
state (homogeneity, segregation, lack of de-lamination and water
release from the surface) but also increases concrete
impermeability, frost resistance and the surface hardness of
hardened concrete, reducing rebound during shotcreting.

Сmin=max{Сmin,b; (Сmin,dur+ΔСdur,λ-ΔСdur,st-ΔСdur,add);10mm}
Сmin,b - minimal cover providing cohesion (see Table 4.2. of
BDS EN 1992-1-1:2005 – considering individual non-stressed bars,
it is equal to bar diameter, 28 mm in this case);

Thus, extremely high quality of one-layered concrete deposited
by means of wet shotcreting is attained. This is done employing a
combined technically useful and profitable technology. The layer
thickness is approximately 8-9-cm, it saves concrete passivity to
additional reinforcement, having maximal degree of resistance to
specific aggression of the exploitation and surrounding medium.

Сmin,dur - minimal cover protecting against environmental
impacts (see 4.4.1.2. Item 5. of BDS EN 1992-1-1:2005 –
considering structures, class S4, with individual non-stressed bars,
corrosion class XD1, it is equal to 35 mm);

A special repair/recovery MIX1 (WS) is designed for “wet”
shotcreting of an outer cylindrical shell and load-bearing steel
reinforced columns with outer exposed walls. The mix consists of
polymer-modified hybrid fiber-reinforced concrete (maximal size of
coarse aggregate Dmax= 8 mm) and internal-crystallizing chemical
admixture - Table 4.

ΔСdur,λ - safety addition (see 4.4.1.2. Item 6. of BDS EN 19921-1:2005/NA – equal to 0 mm);
ΔСdur,st - decrease of concrete cover when using stainless steel,
equal to 0 mm;
ΔСdur,add - decrease of concrete cover by applying additional
protection, no protection here, equal to 0 mm.

The aggregates sieve curve of the designed mix (the blue line) is
optimally close to the theoretical one (the violet line) pursuant to
the requirements of DIN 1045 -2, 2008-08: Tragwerkeaus Beton,
Stahlbeton und Spannbeton1, Teil 2: Beton - Festlegung,
Eigenschaften,
Herstellung
und
Konformität
Anwendungsregeln zu DIN EN 206-1, which supposes the highest
mix compactness - Fig. 6.

Hence, the minimal necessary thickness of concrete cover is:
Сmin = max{ 28; 35; 10 mm} = 35 mm

5. Mix design of polymer-modified, hybrid fiberreinforced fine-grain concrete with included internalcrystallization admixture used for “wet” shotcreting
Concrete mix design developed herein correspond to the offered
technological system of repair and recovery of individual sections
of the structure.
Table 4 PRESCRIBED MIX 1 (WS)
of HYBRID FIBR-REINFORCED POLYMER-MODIFIED FINE-GRAIN
CONCRETE (Dmax= 8 mm) for WET SHOTCRETING
with compressive strength class С35/45 and resistant to environmental
aggressive agents: XC4, XA3, XF4, XD1, XS1
INGREDIENTS
Sulfate resistant portland cement CEM I 42,5 SR5,
DEVNYA
River sand, SILISTRA, "POLARIS - 8", fraction 04 mm
Crashed washed sand, ESKANA, "Sini vir ",
fraction 0-4 mm
Crashed stone, PATSTROY,town of Karnobat,
fraction 4-8 mm
HRWRADYNAMON SX, MAPEI, Italy– 0,6% of
cement mass
PP-fibers FM150, Propex Concrete Systems, USA
PP- fibers FM300, Propex Concrete Systems, USA
КМС – thixotropic polymer modifier increasing
mix compactness (water solution of 10% dry
compound – conforming to a prescription)
Internal-crystallization chemical admixture
KRYSTALINE ADD+, Spain
Mixing water (for dry aggregates)
Consistency (regarding to slump test), cm

QUANTITY,
kg/m3
550
745
300

Fig. 6 Aggregates sieve curve of the offered concrete mix for “wet”
shotcreting

505

6. Cost analysis (VAT excluded)

3,30

Regarding the declared density of the dry mix MC Torkret W
81 (МС) of about 2020 kg/m3 and the regular material cost
amounting to 0,55 BGN/kg, the cost of the dry shotcreting mix
turns to be about 1111,00 BGN/m3. Accounting also for the
declared material rebound of about 30%, the cost of dry shotcreting
mix rises to about 1450 BGN/m3.The latter significantly exceeds
that of the main and special materials used for the preparation of 1
m3mix for “wet” shotcreting.

0,900
0,900
10,00
6,0
~190
S1

Besides, the adopted technical solution includes secondary
corrosion protection via deposition of a special polyurethane
composition MC DUR-2496 CTR, where material cost, only, is
about 45 BGN/kg. At a consumption rate of about 0,200 kg/m2, the
cost of deposition rises to 9,00лв./m2. Adding costs of priming mix
and labor yields a total cost of about 20-25 BGN/m2.

The included special chemical admixtures aim at the
improvement of the internal-structural characteristics of the mix and
hardened concrete. The high range water reducing admixtures
(HRWRA) DYNAMON SX based on acrylic polymers provides
low water/cement ration at an optimal deposition consistency of the
concrete mix. The internal-crystallization chemical admixture
KRYSTALINE ADD++ provides high degree of concrete water
impermeability (steadily increasing in time) based on additional
chemical reactions running in hardened concrete in contact with air
moisture. The combined fiber-reinforcement consisting of two types
of micro-polypropylene fibers FM150 and FM300, not only

The offered technological system of repair of silos for heavy
soda via “wet” shotcreting is based on the use of highly
technological, polymer-modified, hybrid fiber-reinforced fine-grain
concrete (with maximal size of the large aggregate D max= 8 mm)
and internal-crystallization chemical admixture. The mix is resistant
to specific impacts of the exploitation and surrounding media. Thus,
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the necessity of design and deposition of a secondary polymer
protection falls off.

The physic-mechanical and structural characteristics of the
proposed repair-recovery Mix 1 (WS) for “wet” shotcreting
significantly surpass those of mixes used in the repair of silos for
heavy soda and prepared by МС BAUCHEMIE MC Torkret W81.

The cost of 1 m3 of MIX 1 (WS) prepared in a batching plant,
including all main and special materials, approximately amounts to
350 BGNm3.

The Mix 1 (WS) for “wet” shotcreting displays strengthdeformation and structural characteristics typical for performance
shotcrete of the newest generation - high strength, elasticity
modulus and degree of frost resistance. The mix properties
combined with its high impermeability to aggressive agents
(inclined to increase during exploitation) makes it entirely
applicable from a technical-economical point of view in the repairrecovery of light soda silos “4” and “5”.

An approximate objective comparison between costs of the
main materials (the designed ones and those used in the actual
repair) is given in Table 5.
Table 5 Comparison of the approximate costs of both repair systems
Technological system,
MATERIALS
BGN/m2
MC Torkret W
Mix 1 (WS)
81
Material cost of a deposited
cover,
94,25
31,50
(BGN/m2) per thickness (cm)
(for 6-7cm)
(for 9 cm)
Cost of the necessary
secondary polymer protection
20,00
0,00
- materials and labor
TOTAL:
114,25
31,50

Summarizing all above mention considerations SOLVAY SODI
JSC made a fully informed choice to outsource the repair of light
soda silos using the newly developed Mix 1 (WS) high-tech
composition. Currently, the design procedures are finished and
construction works are ready to start.

Acknowledgments

The price comparisons performed show a significant advantage
of using the proposed Mix 1 (WS) for "wet" shotcreting. The
declared design characteristics of the same gave SOLVAY SODI
JSC the task of conducting parallel tests in real production
conditions for establishing the basic physic-mechanical and special
technical characteristics of the two competitive concrete through
specialized sampling and standard testing in laboratory conditions the one for dry spraying MC Torkret W-81 and the proposed new
Mix 1 (WS) for "wet" spraying - Photos 8, 9, 10, 11.

Photo 8 МС Torkret W81 spraying

The financial support of the National Science Fund of Ministry
of Education and Science, Bulgaria, contract H 27/29, 2018, is
gratefully acknowledged.

References
1. D. Bittner, Shotcrete: Wet process versus dry process, Concrete
Repair Bulletin, July/August, 2015, www.ICRI.org.
2. European Specification for Sprayed Concrete, EFNARC,
Association House, 99 West Street, Farnham, Surrey, GU9 7EN,
U.K - ISBN 0 9522483-1-X,1996.
3. J. Bertrand, Shotcrete Supply: Dry or Wet? A Shotcrete
Supplier’s Perspective, Shotcrete, Spring, 2006.
4. V. Naidenov, An innovative approach for repairing of corroded
reinforced concrete industrial structures in aggressive environment
by high-tech hybrid reinforced sprayed concrete with capillary
crystalline
admixture,
MACHINES,
TECHNOLOGIRS,
MATERAILS (MTM), Year XIII, ISSUE 6/2019, ISSN PRINT 13130226, (259-262).

Photo 9 “Wet” WS spraying

7. Conclusions
The analysis of the experimentally found physic-mechanical
and structural characteristics of the analyzed mixes for shotcreting
is already published [4] and gave us to make the following
conclusions:
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Abstract: The article is focused on the research of the influence of different blasting means on the surface of the titanium alloy Ti6Al4V,
which was made by the sintering technology of layered metal powders (DMLS) in terms of microgeometry. The resulting microgeometry
values of the titanium alloy placed on the platform in different sectors. Individual sectors had different laser power settings. The blasting was
carried out at a constant pressure of 6 bar. Samples were then subjected to roughness measurement by contact method in accordance with
STN EN ISO 4287. Individual parameters were subsequently statistically evaluated. A 3D topography of roughness of individual blasted
materials was made.
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mm. The pressure in the blasting process was constant at 6 bar. [1,
2]

1. Introduction
Titanium alloy Ti6Al4V is nowadays often used for the
production of dental implants, implants for the medical industry.
Ti6Al4V is in demand due to its excellent bioactivity and rapid
tissue adaptation. In practice, we may encounter allergic reactions
to metals that are used in implantation. The patient may exhibit an
allergy to elements such as: cobalt, chromium, molybdenum and
other elements that are part of the implants. Therefore, care should
be taken to achieve final biocompatibility with the patient's human
tissue and to avoid adverse factors that could have fatal
consequences. [1,2, 6]
Nowadays, we record the use of Ti6Al4V alloy for the
production of facial parts. These are patients whose condition
during the disease worsens to a state of deformation or degradation
of the facial area. Extreme cooperation of physicians is required for
application in these areas. This is the place where cyclic stress,
temperature changes and high stresses occur during use, and
therefore the correct method of implant manufacturing should be
selected. The DMLS method was chosen, precisely because of its
advantages, which are not achieved in comparison with
conventional technologies. [4 - 6]

Fig. 1 Division of samples into sectors

The samples were also subjected to roughness evaluation. The
measurement was performed with Surftest SJ-201, Mitutoyo,
Tokyo, Japan.

The Ti6Al4V alloy is often produced by sintering of layered
metal powders by the Direct Metal Laser Sintering (DMLS)
method, which is not subject to the conventional process
preparation process. Additive production guarantees efficient
material processing and high production speed, even with complex
or compact components. It is these characteristics that are a
strategic advantage. The roughness of the material is extremely
important to constantly monitor, as these are implants that are
operated on into the human body and require time for the process of
adaptation to the human foreskin. [2, 4]

The instrument parameters applied in the measurement
were as follows:
-

measured profile: R,
filter: GAUSS,
a sampling length λc = 0,8 mm,
a number of sampling lengths N = 5,
an evaluation length ln = 4 mm,
number of measurements: 50.

2. Material and experimental works
Experimental measurements of surface roughness were carried
out in accordance with ISO 4287, which defines individual
parameters - deviations from the midline of the profile in the
horizontal and vertical directions. [2]

The material used was Ti6Al4V titanium alloy, which had the
following mechanical properties: tensile strength - 900 MPa,
elongation - 14%, yield strength - 830 MPa, modulus of elasticity 114 GPa. Material has a high potential for application in the
biomedical industry for its excellent biocompatibility and high
corrosion resistance.

As the roughness rating is currently insufficient with only one
parameter, the roughness has been evaluated with the following
parameters:

On Fig. 1 we can see the samples were prepared by DMLS
sintering technology on the EOSINT M 280. Samples were stored
in different sectors (1, 5, 9 – disintegration samples on the table)
and then laser separated at different laser unit power (Sector 1 =
150W, Sector 5 = 170W, Sector 9 = 190W). Individual surfaces of
Ti6Al4V samples were subsequently mechanically pretreated by the
blasting process.

-

The blasting means used were (ZB) - Zirblast B60 (as
representative of a regular round shape) with a grain size of 0.1250.250 mm and (BK) - White corundum FEPA 120 (as a
representative of a sharp shape) with a grain size of 0.090-0.125

arithmetical mean deviation of the assessed profile (Ra),
the biggest height of profile on the basic length (Rz),
maximum profile peak height (Rp),
maximum profile valley depth (Rv),
total height of profile (Rt),
mean width of the profile elements (RSm).

The impact of the sector on the achieved roughness was also
evaluated statistically by the Kruskal-Wallis test. [2,3]
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3. Measurement results and discussion
Statistical verification of the influence of sectors and used
blasting means on the resulting surface roughness.
Evaluation of the roughness parameter Ra:
Samples blasted with ZB1 - ZB5 - ZB9 was compared and the
effect of the sector on the resulting surface roughness was
determined Fig. 2. Numerical characteristics can be seen in Table 1.
Table 1: Numerical characteristics for parameter Ra [2]

Fig. 3 Values of Ra parameter for BK1 - BK5 - BK9 samples blasted with
white corundum [2]

Kruskal-Wallis test, Table 3. these differences were confirmed,
p = 0.000 (p = 0.000, p <α), thus the null hypothesis of equality of
mean values is rejected.
Table 3. Kruskal-Wallis test for samples BK1 - BK5 - BK9 [2]

The highest value was found in the sample ZB9 (4.71 μm),
while the lowest value was in the sample ZB1 (3.69 μm).

The observed differences between BK5 and BK9 samples were
evaluated by post-hoc analysis, Table 3. The sector affects the
resulting surface roughness of white corundum blasted samples. [2]

Evaluation of the roughness parameter R z:
A series of different sample configurations in sectors ZB1 ZB5 - ZB9, which used the same blast means - zirblast, was also
subjected to an analysis of the impact of location in sectors, which
could mean differences in the resulting surface roughness. Fig. 4, it
is evident that the largest values are taken by the sample ZB9 and
its values are visibly different from the other two samples
evaluated. Numerical characteristics is in Table 4.

Fig. 2 Values of Ra parameter for ZB1 - ZB5 - ZB9 samples blasted with
zirblast [2]

It was evaluated by Kruskal-Wallis test that p = 0.000 (p =
0.000, p <α), in the null hypothesis was rejected and the post hoc
analysis revealed differences in Table 2.

The highest value was recorded in the sample ZB9 (24.18 μm).
The lowest value was in the sample ZB1 (18.73 μm).

Table 2. Kruskal-Wallis test for samples ZB1 - ZB5 - ZB9 [2]

Table 4: Numerical characteristics for parameter Rz [2]

A statistically significant difference was noted between samples
ZB1 and ZB5. We can confirm that the sector has an impact on the
resulting roughness of the sample surface being blasted with
Zirblast.
A series of samples shot blasted with white corundum BK1 BK5 - BK9 was investigated on Fig. 3.
The highest value was recorded on a sample labeled BK1 (4.23
μm) and the lowest value was recorded on a sample labeled BK9
(3.62 μm).
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The Kruskal-Wallis test, Table 6. evaluated the following: p =
0.000 (p = 0.000, p <α), the null hypothesis at the level of α = 0.05
was rejected. Subsequently, the differences found.
There is a significant difference between BK5 and BK9, in the
sector and the different laser power affect the resulting sample
roughness. [2]
Evaluation of the roughness parameter Rp:
Table 7: Numerical characteristics for parameter Rp [2]

Fig. 4 Values of Rz parameter for ZB1 - ZB5 - ZB9 samples blasted with
Zirblast [2]

For samples blasted with ZB1 – ZB5 – ZB9 was compared for
the possible impact of the sector on the resulting surface roughness.

The Kruskal-Wallis test evaluated p = 0.000 (p = 0.000, p <α),
the null hypothesis was rejected at the significance level of α = 0.05
and differences found by post-hoc analysis are shown in Table 5.

The highest value, Fig. 6 was in the sample ZB9 (12.03 μm),
while the lowest value was in the sample ZB1 (9.50 μm).

Table 5. Kruskal-Wallis test for samples ZB1 - ZB5 - ZB9 [2]

There is a statistically significant difference between samples
ZB1 and ZB5, in the sector affects the resulting roughness
parameter Rz of the sample surface.
Samples blasted with white corundum BK1 - BK5 - BK9 was
subjected to the sector and different laser power on the resulting
surface roughness. From Fig. 5, it is evident that sample BK1 is the
largest and its values differ from the other two samples.
The highest value of the sample was BK1 (23.79 μm), while the
lowest value of the sample BK9 (20.00 μm).

Fig. 6 Values of Rp parameter for ZB1 - ZB5 - ZB9 samples blasted with
zirblast [2]
Table 8. Kruskal-Wallis test for samples ZB1 - ZB5 - ZB9 [2]

The Kruskal-Wallis test, Table 8. evaluated that p = 0.000 (p =
0.000, p <α), the null hypothesis was rejected by post-hoc analysis.
A series blasted with white corundum specimens was also
subjected to the sector's impact on the resulting surface roughness.

Fig. 5 Values of Rz parameter for BK1 - BK5 - BK9 samples blasted with
white corundum [2]
Table 6. Kruskal-Wallis test for samples BK1 - BK5 - BK9 [2]

Fig. 7 Values of Rp parameter for BK1 - BK5 - BK9 samples blasted with
white corundum [2]
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The highest value, Fig. 7 was in the sample BK1 (11.82 μm)
and the lowest value in the sample BK9 (9.67 μm).

The highest value, Fig. 9 was in the sample BK1 (11.97 μm)
and the lowest value in the sample BK9 (10.33 μm).

Table 9. Kruskal-Wallis test for samples BK1 - BK5 - BK9 [2]

The Kruskal-Wallis test, Table 9. evaluated: p = 0.000 (p
= 0.000, p <α), thus the null hypothesis was rejected, and
differences were found by post-hoc analysis.
A statistical difference was found between BK5 and BK9, the
sector affects the resulting surface roughness. [2]
Evaluation of the roughness parameter Rv:
Table 10: Numerical characteristics for parameter Rv [2]

Fig. 9 Values of Rv parameter for BK1 - BK5 - BK9 samples blasted with
white corundum [2]
Table 12. Kruskal-Wallis test for samples BK1 - BK5 - BK9 [2]

Samples blasted with ZB1 - ZB5 - ZB9 zirblast were subjected
to the possible impact of the sector on the resulting surface
roughness of individual samples.

The Kruskal-Wallis test confirmed p = 0.000 (p = 0.000, p <α),
thus the null hypothesis is rejected and subsequently differences
were found by post-hoc analysis, Table 12.
A significant difference was found between the BK5 and BK9
samples, meaning that the sector affects the resulting surface
roughness. [2]

The highest value was in the sample ZB9 (12.35 μm) and the
lowest in the sample ZB1 (9.30 μm).

Evaluation of the roughness parameter Rt:
Table 13: Numerical characteristics for parameter Rt [2]

A series of samples blasted with zirblast and white corundum
were subjected to an analysis of the possible impact of the sector on
the resulting surface roughness of the samples.

Fig. 8 Values of Rv parameter for ZB1 - ZB5 - ZB9 samples blasted with
zirblast [2]

The highest value was found in the sample ZB9 (33.26 μm),
while the lowest value was in the sample ZB1 (25.36 μm), Fig. 10

Table 11. Kruskal-Wallis test for samples ZB1 - ZB5 - ZB9 [2]

The Kruskal-Wallis test, Table 11. evaluated the following: p =
0.000 (p = 0.000, p <α), the null hypothesis is rejected.
A statistically significant difference was found for samples
ZB1 and ZB5, the sector has an impact on the resulting surface
roughness.
Series of blasted white corundum samples BK1 - BK5 - BK9
have been subjected to the possible impact of the sector on the
resulting surface roughness.

Fig. 10 Values of Rt parameter for ZB1 - ZB5 - ZB9 samples blasted with
zirblast [2]
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Table 14. Kruskal-Wallis test for samples ZB1 - ZB5 - ZB9 [2]

By the Kruskal-Wallis test determination of statistical data on
values related to the values of ZB1 and ZB5, which has an effect on
the resulting surface roughness.
A series of samples, Fig. 11 originating from different sectors
and blasted with white corundum BK1 - BK5 - BK9 was subjected
to the impact of the sector on surface roughness.

Fig. 12 Values of RSm parameter for ZB1 - ZB5 - ZB9 samples blasted with
zirblast [2]

The highest value was in the sample BK1 (30.12 μm) and the
lowest value was in the sample BK9 (25.85 μm)

Table 17. Kruskal-Wallis test for samples ZB1 - ZB5 - ZB9 [2]

The Kruskal-Wallis test, Table 17. concluded that at (p =
0.7357, p> α) greater than the significance level of α = 0.05, the null
hypothesis was subsequently rejected.
A series of samples Fig. 13 originating from different sectors
and subsequently blasted with white corundum were also examined
for the possible impact of the sector on the resulting surface
roughness.

Fig. 11 Values of Rt parameter for BK1 - BK5 - BK9 samples blasted with
white corundum [2]
Table 15. Kruskal-Wallis test for samples BK1 - BK5 - BK9 [2]

The Kruskal-Wallis test, Table 15. revealed: (p = 0.000, p <α),
the null hypothesis is rejected, differences were found by post-hoc
analysis. [2]
Fig. 13 Values of RSm parameter for BK1 - BK5 - BK9 samples blasted with
white corundum [2]

Evaluation of the roughness parameter RSm:
A series of samples blasted with zirblast and white corundum
were subjected to an analysis of the possible impact of the sector on
the resulting surface roughness of the samples.

The highest value was shown by sample BK1 (246.18 μm),
while the lowest value was by sample BK5 (215.44 μm).

Table 16: Numerical characteristics for parameter RSm [2]

Table 18. Kruskal-Wallis test for samples BK1 - BK5 - BK9 [2]

The Kruskal-Wallis test, Table 18. was evaluated as follows.
It was found that statistically significant differences in values were
not found in samples BK5 and BK9.

The highest value, Fig. 12 of the sample was ZB9 (306.20 μm)
and the lowest value of the sample ZB1 (292.36 μm).

3D blasted surfaces is on Fig. 14.
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a) 3D - ZB1

e) 3D - BK5

f) 3D - BK9
Fig. 13 3D blasted surfaces

b) 3D - ZB5

Conclusion
In conclusion, we can state that the placement of samples on the
platform during the DMLS process showed a statistically significant
effect on the surface roughness. During the research, it was
statistically demonstrated that the samples deposited in the center of
the platform achieved the highest resulting surface quality. When
applying metal powder, it is extremely important to check the
quality and purity of the preparation before starting the processing
process. The results of the research help to reduce the likelihood of
inhomogeneity and contribute to the improvement of the reliability
and subsequent repeatability of the process.
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Laser marking on plastic surfaces with minimal changes in material structure and
maximum contrast
Narica Pavels.1, Fedotovs Janis. 1,
Rezekne Academy of Technologies 1, Rezekne, Latvia
narica.pavels@gmail.com
Abstract: It is possible to do laser marking on plastic surfaces by using lasers. Coding of information is very popular in last years because
of its ability to convert information in one symbol. But there are lot of small sized parts where it is hard to do laser marking or physical
impact on material is so big, that this code would be readable. On the other side contrast of marked area must be good enough so camera
used in experiment would be capable read it. Goal of research is to find laser parameters that would be good enough to do laser marking on
plastic surfaces so that physical impact would be made on that surface. There is used two-dimensional code- QR code. Target is to find
parameters which would allow to do 3.5mm big square.
KEYWORDS: ABS PLASTIC, QR CODE, SURFACE ROUGHNESS, LASER MARKING

1. Introduction
Different kind of companies are more and more interested in doing
laser marking on them products. Laser marking is done in different
methods of laser marking, some materials could be marked only by
marking or engraving without special requirements and difficulty,
while for other materials one can choose the concrete method about
the kind of material, marking type, and the specific needs of the
production process and the geometry of detail [1]. In this case
authors must concentrate on method where is minimal physical
impact on surface- it is marking, where beam is making termycal
impact on surface, so the surface is change colour for human eyes.
For each material must be researched new laser marking
parameters [2] because of specific of material.

Fig.2. Normalized model-based diagram [5]
Values can be calculated using the following formulas [5]:
normalized traverse rate,

where:
υ - Beam traverse rate ms-1
rB - Beam radius defined where q=qmax/e, or beam half-width m
a - Thermal diffusivity, λ/(pc) m2s-1
and normalized beam power,
Fig.1. QR code marked on E2000/APC fiber optic connector
As a sample of such small size laser marking could be mentioned
fiber optic connectors, where is laser marking, for marking on
connectors surface QR code with different parameters.[3] look
Fig.1.
It is necessary to distinguish between the concept of the diameter of
the laser beam and the zone of influence of the laser beam on the
material, this zone depends on the power density, the higher the
power density, the wider the heat-affected zone. Ideally, it is
necessary to select the value of the power density of the laser
radiation so that the affected area, as close as possible, corresponds
to the size of the laser beam in focus. This condition allows you to
ensure the clearest contours when marking with a laser beam. Clear
marking borders and high contrast allow the camera to recognize
smaller objects. This is important for recognizing the QR code.
For the various mechanisms of modelling can be displayed on the
normalized overview chart shown in Fig. 2. The process parameters
are normalized with the thermal properties of the materials.
Diagram showing contours for the onset of surface melting and
vaporization constructed from a surface heat flow model (solid
lines); experimental data for various mechanisms of marking cluster
into regions bounded by broken lines.[5]

where:
A - Absorptivity
q - Beam power Js-1
rB- Beam radius defined where q=qmax/e, or beam half-width m
λ - Thermal conductivity Js-1m-1K-1
Tm-Melting temperature K
T0- Initial temperature K
To ensure high-quality marking, a number of requirements for the
surface of the material must be observed; it must be smooth,
uniform, with good absorption of the laser beam.

2. Materials end methods
For experiments were used ABS (acrynotrile-butadienestyrene) plastic. One of the most successful polymer composites
with an unequalled variety of forms and range of applications [4].
To assess the qualitative and quantitative marking parameters,
devices and specialized computer programs were used. 3D Laser
Confocal Scanning Microscope OLS5000 laser microscope that can
make accurate measurements of submicron level shape and surface
roughness. The results were analyzed using a microscope “DinoLite Egde” and a computer program “Dino Capture”, which
magnifies the image 50 times. Ocean optics HL-2000 STS VIS

85

INNOVATIONS Issue 2/2020

spectrometer was used in the experiment. Code contrast is measured
on the Image color picker website. The resulting data is entered into
the Contrast Ration site. The site calculates the ratio of the
background color to the color of the label using the color codes you
enter and outputs a contrast factor.
The Rofin PowerLine F20 Varia Laser System was used for
the experiments. It is a fiber laser with a wavelength of 1064 nm. A
distinctive feature of this system is that it has a wide range of
adjustment of the pulse duration from 4 to 200 ns and the pulse
repetition rate from 2 - 1000 kHz.
For following experiments were prepared matrix with QR
codes and different parameters of them.
There were made following experiments to find best
parameters:
1. Frequency (Hz)- speed (mm/s);
2. Frequency (Hz)- power (W);
3. Impulse length (ns)- speed (mm/s);
4. Impulse length (ns)- power (W).
5. Cell size (mm)- speed (mm/s).
After finishing experiments, authors were able to find optimal
Frequency, speed, power, impulse length and cell size parameters.
As first experiment were done Frequency- Speed matrix
(Fig.3.). In this experiment constant values were:
1. Power- 70%;
2. Pulse length- 8 ns;
3. Line step- 0.05mm.

Fig.4. Frequency- Power matrix
In the next experiment were searched cell size- power (look
fig.5.) parameter. Were constant values were:
1. Speed 400 mm/s;
2. Frequency 60KHz;
3. Line speed 0.05mm.

Fig. 5. Cell size- power

Fig.3. Frequency-speed matrix

And in the last experiment were researched cell size-speed
(look Fig.6.) matrix. Were constant speed were:
1. Power 70%;
2. Frequency 60KHz;
3. Line step 0.05mm.

Experiment Frequency- Power look in Fig.4. Constant values
of this experiment:
1. Speed 400mm/s;
2. Pulse length 8ns;
3. Line step 0.05mm.
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Fig. 7. Pulse platuma- speed matrix
For samples that can be read, a contrast factor is measured. The
contrast factor is measured for the extreme and average values of
the readable codes.
In Table 2, it can be seen that the lowest readable contrast factor is
1.2 and, in this matrix, the highest factor is 2.9.

Fig.6. Cell size-speed matrix
The ability of a QR code to be read is a key criterion for the
parameters of a laser marketed code to be considered acceptable.
This code is scanned with the Android platform application "QR
scanner". In experiments, a "+" marks those QR codes that can be
read and "-" marks those codes that cannot be read because their
contrast ratio is too low or the energy level is so high that effect on
the surface causes such physical transformations that the region to
be marked acquires a relief on the surface, which creates problems
for code recognition.
In the experiment in which the "Pulse-Speed" relationship is
formed, see table 1. In the table, a small number of readable codes
is detected because too much energy is supplied (see Fig. 7), as the
pulse time is very large.

TABLE 2. Contrast of the marked QR code depending on the PulseSpeed at parameters frequency 60kHz; line pitch 0.05mm; power
14W

TABLE 1 – Relationship between pulse width and speed at parameters

frequency 60kHz; line pitch 0.05mm; power 14 W

Experiments have shown that a contrast factor of 3 or higher is not
optimal for reading the code, because although the contrast is high,
the structure of the material is damaged by physical transformations
due to heat input and the surface of the material around the QR code
contour begins to melt and color due to foaming. effect (look
Fig.8.).

3. Results
In the end of experiments were found samples where were
done big physical impact on material surface (look Fig. 9.). Such
results were unacceptable because there were changed roughness of
material surface, code was unreadable and in worst case surface was
damaged.

After this experiment, it is concluded that the optimal pulse
width should be 4-8ns, but the marking speed should be around
200-500mm / s. The other side of the table shows another extreme
when the contrast is too low because the pulse width is too short
and the marking speed is so high that the applied energy cannot
have a high enough effect on the material for the object to be
marked to be clearly visible.

Fig.8. Laser beam impact made negative effect on marked
material surface
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Samples with low laser beam impact had low contrast ration,
that means, that QR code were almost unreadable for came (look
fig. 9.).

Fig.11. QR code with optimal parameters (at the top the image
next to the scale with a division price of 0,5 mm, at the bottom is the
same image with an increase)

4. Conclusions
As optimal QR code parametrs marked on plastic surfaces with
Rofin Powerline varia 20 laser are:
1. Pulse length 8ns;
2. Frequency- 60KHz;
3. Line step- 0.05mm;
4. Power- 70%;
5. Speed 400 mm/s-;
6. Cell size- 0.14mm.
Using this parametrs it is posible to get 3mm big QR code,
which marking process does not make any physical impact of
surface roughness changing and contrast ration is good enough to be
readable.
The introduction of new technologies in the process of labeling
products, especially small sizes, allows you to place more
information with minimal image sizes. allows you to use automated
systems in the process of further use of the product, allows you to
increase the possibility of product identification.

Fig. 9. Marked QR code with low contrast ratio
After doing research using microscope, even well looked QR
code had made physical impact on surface, because plastic material
is melted around marked are (look fig. 10.).
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A review of modeling pem fuel cells for monitoring applications
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Abstract: Low operating temperature, compactness, high efficiency as well as low to zero emissions are features that cause large interest
in Proton Exchange Membrane (PEM) fuel cells and are reasons that application of this technology is considered in many areas. However,
for a massive deployment of the PEM fuel cell technology to the market, good control and monitoring are mandatory to increase efficiency
and durability. For the control and monitoring of PEM fuel cell systems, appropriate system models are required. In this study, a review of
modeling approaches to the PEM fuel cell systems is considered.
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1

tool requires the model to be accurate, robust, and able to provide
useful answers quickly. Accuracy can be improved by using the
correct assumptions, properties, and other numerical input
parameters, predicting the correct objective, and being able to
match the modeling results with experimental data. But, enhancing
model robustness and accuracy can lead to bigger complexity and
longer computational time. That's why the designer needs to select a
model that balances robustness, accuracy, and computational effort.

Introduction

A fuel cell is a device that uses an electrochemical reaction to
produce electrical energy from the chemical energy of fuel. In some
aspects, a fuel cell is similar to a battery. Both a fuel cell and a
battery have positive and negative electrodes accompanied by an
electrolyte and both generate electricity through electrochemical
reactions. Unlike a battery, a fuel cell requires an auxiliary supply
of fuel and oxidant. Also, a battery can only function as long as the
electrodes’ material is not depleted. Then, it can be either replaced
or recharged while a fuel cell cannot be discharged as long as
reactants are supplied [1][2]. Typically hydrogen and oxygen are
used for fuel cells but neither has to be in its pure form. Hydrogen
may be also present as a mixture with other gases. It has been
considered as the best effective fuel for quite a long time, as it
features a higher electrochemical reactiveness compared to other
fuels (hydrocarbons, alcohols) [3].

Fuel cells can be divided into several categories, characterized
primarily by the fuel, type of electrolyte, and operating temperature
[1][3]. There are six main different types of fuel cells:
Alkaline fuel cells (AFC);
Proton Exchange Membrane fuel cells (PEMFC);
Direct Methanol fuel cells (DMFC);
Phosphoric Acid fuel cells (PAFC);
Molten Carbonate fuel cells (MCFC) and
Solid Oxide fuel cells (SOFC).
Some of their characteristics are summarized in Грешка!
Източникът на препратката не е намерен., while a more
detailed description can be found in [1],[2], and [7]. This study
focuses on PEM fuel cells.

Fuel cells have a long history, dating back to 1839 when Sir
William Robert Grove demonstrated the first fuel cell showing that
electricity and water can be generated by mixing hydrogen and
oxygen in the presence of an electrolyte. Another remarkable
moment marking the fuel cell history is when the first practical fuel
cell was developed by General Electric Company in 1962 [1][4].
Despite the long period of fuel cell analysis and examinations, there
is still an ongoing introduction to the energy market because of the
challenges the technology is facing. The major obstacles are cost
and durability. A causality problem appears with the fuel cell price.
One of the reasons the fuel cells are expensive is because they are
not being mass-produced while their limiting production is due to
their expensive price. Thankfully, the cost of fuel cells customized
for fuel cell electric vehicles went to a reduction due to the
continuous decrease in the platinum loading in PEM stacks [2].

Table 1. Basic parameters of fuel cells [8].
Operating
Generated
temperature
Type
voltage
Power
(V)
(°C)
AFC
65-220
1,1-1,2
to 20kW

In recent years, fuel cell technology is being used in various
areas such as transportation, back-up power, portable devices,
stationary devices, etc. Mostly, the technology has been present in
the transportation area so that numerous models of vehicles have
been produced. According to the International Energy Agency
(IEA), most of the sales continue to be Toyota Mirai cars in
California, following by Japan, Korea, and Germany. The increase
in the number of sales contributes to expansion in the refueling
infrastructure as well. At the end of 2018, 376 hydrogen refueling
stations were in operation and leading countries have announced a
target to build a total of 1000 hydrogen refueling stations during the
years of 2025 - 2030 [5]. Without a doubt, the technology for the
production and supply of high-purity hydrogen along with the
infrastructure is essential for the success of PEM fuel cells in many
application fields. A broad review and evaluation of hydrogen
production methods for better sustainability are made in [6].

2

PEMFC

50-120

1,1

kW

DMFC

130

1,1

to 10kW

PAFC

150-210

1,1

hundreds
kW

MCFC

600-700

0,7-1,0

MW

SOFC

650-1000

0,8-1,0

to 10
MW

Used fuel

H2 + O2
H2/methanol +
O2/air
methanol/ethanol
+ O2/air
H2/hydrogenous
gas + air
H2/hydrogenous
gas/CO + air
H2/hydrogenous
gas/CO + air

PEM fuel cells basics

The core component of a PEM fuel cell is the polymer
membrane which acts as an electrolyte. It is impermeable to gases
but it conducts protons. The membrane becomes proton conductive
when it is well hydrated while remaining insulated to gas transport
[9]. A common electrolyte material is Nafion [10]. As technology is
evolving, research is being done on every aspect of the fuel cells.
Recent approaches for improving Nafion performance are evaluated
in [11].
On both sides of the membrane, there are two porous,
electrically conductive electrodes made usually out of carbon cloth
or carbon fiber paper [12]. At the interfaces of the electrodes and
the polymer membrane, there are layers with catalyst particles
called the catalyst layers. Technically, the catalyst layer may be a
part of the porous electrode or a part of the membrane, depending

Modeling plays a significant role in the fuel cell design and
development process, as it helps the designer narrow down designs
to fabricate and test. The test performed on the final designs can
result in either a final prototype or an iteration of additional designs
for improvement. Using fuel cell modeling as a successful design
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compromise the efficiency of the vehicle’s propulsion system. A
broad investigation of hydrogen fuel cell vehicles is done in [15].
Some car manufactures have already produced their fuel cell
vehicle models, for example, Toyota, Honda, Hyundai, and
Chevrolet. The United States alone currently has over 10000 fuel
cell vehicles and over 30 hydrogen stations. Germany possesses
around 100 hydrogen gas stations, while Japan has a roadmap of
300000 fuel cell electric vehicles by the year of 2030. China's
presence in fuel cell electric vehicles expanded significantly in
2018, with up to 2000 small trucks produced. However, as these
vehicles wait for the corresponding refueling infrastructure, just 400
were registered for road use in 2018 [4]. While the deployment of
fuel cell electrical vehicles is low compared to plug-in hybrids,
several countries have announced ambitious targets towards 2030,
amounting to 2.5 million fuel cell electric vehicles [5]. When
compared to other fuel cell-powered vehicles, buses provide more
flexible design, more flexible weight, and size constraints for
hydrogen storage system, and less complex hydrogen infrastructure
requirements since bus routes are usually fixed. Figure 2 shows the
main components in a typical fuel cell-powered bus based on the
Mercedes-Benz Citaro Fuel EcoBus. The bus uses the space
flexibility on the roof, front, and back of the bus.

on the manufacturing process [1]. The catalyst layer consists of
three phrases. Fine catalyst particles of platinum are supported on
complex structures of carbon particles that provide electronic
conduction. This carbon-supported platinum catalyst creates a large
surface catalyst area so that the reaction can proceed at a feasible
rate [10]. The electrodes must be porous so the reactant gases reach
the catalyst layers where the electrochemical reactions take place.
Reactants spread from gas channels to catalyst layers through the
gas diffusion layers. The gas diffusion layers are made from a wetproof and carbon-based material, controlling the heat, mass, and
electricity transport while providing robust mechanical support and
protection for the delicate catalyst layer and membrane through the
process of assembly and operation [13].
The membrane, the catalyst layers, and the gas diffusion layers
form the membrane electrode assembly (MEA). The MEA is then
inserted between bipolar plates, also known as collector plates,
which are essential for multi-cell configuration by connecting the
anode of one cell to the cathode of the adjacent cell. A multi-cell
configuration is also known as a 'stack'. The bipolar plates perform
important functions, providing the structural support for the stack
and separating the gases in adjacent cells, which implies they must
be porous to gases [14]. They have been made from graphite and
various metals to have the desired resistance to corrosion [10]. The
structure of a PEM fuel cell is presented in Figure 1.

Figure 2. Main components in a typical fuel cell bus based on the MercedesBenz Citaro Fuel Cell EcoBus [8].

Other vehicles, including scooters, personal wheelchairs, airport
tugs, bicycles, golf carts, in addition to material handling vehicles,
including forklifts and pallet trucks, can be comprised of fuel cell
systems as well [2]. Most forklifts use rechargeable batteries or
combustion engines. However, fuel cells have many advantages
over the current forklifts energy systems. Fuel cells require only 2-5
minutes for refueling from a fueling station unlike recharging or
changing batteries which takes 15-30 minutes. As being
exhaustively used in the warehousing and distribution industry,
their operation time is very important and fuel cells have longer
operation cycles in contrast to battery cycles which often last less
than 8 hours [16]. With having high efficiency too, they can
potentially replace conventional forklifts. Around 1300 fuel cellpowered forklifts are operative in the US market today. The biggest
player in the fuel cell forklift market is Plug Power [2]. In regards to
vehicle fuel cell approaches, more details about fuel cell-powered
forklifts, fuel cell-powered electric wheelchairs, and electric
bicycles are demonstrated in [17], [18], and [19] respectively.

Figure 1. Structure of a PEM fuel cell [12].

Inside a PEM fuel cell, a few processes are carried out, such as
gas flow through the channels, electrochemical reactions, proton
transport, electron conduction, water transport, etc. The design of
the components and properties of materials must be adapted for
these processes to take place with minimum obstructions and losses.
Although a fuel cell system seems like a very simple device,
numerous processes happen simultaneously, and for that reason, it
is very important to understand those processes and their
dependence on component design and material properties. It is also
crucial to know that changing only one parameter in a fuel cell is
not possible because a change of one parameter causes a change in
at least two other parameters and at least one of them has the
opposite effect of the one we expect to see.
2.1

Applications

Speaking of stationary power, the desires for both stationary
and transportation markets are similar: high efficiency and low
emissions. The system design is also similar, differing in some
features. Size and weight requirements are more important in the
transportation area, but not so significant in the stationary area. The
acceptable noise level is lower in stationary applications, especially
if the device is planned for indoor use. Important notice is that the
noise does not arise from the fuel cell itself but from the air and
fluid handling devices [1]. Starting time is crucial in the
transportation area whereas time limits do not exist in the stationary
area unless the system is operated as a back-up. Besides, while the
car operating time is expected to be 3000 – 5000 hours and slightly
longer for a bus, stationary fuel cell-powered systems are expected

Fuel cells have a promising potential of becoming competitive
players in different areas as a result of their ability to generate
power from a chunk of a watt to hundreds of kilowatts. Such areas
are transportation, stationary, and portable power. Fuel cell system
design is not inevitably the same for each of these applications. On
the contrary, each application has its specific requirements, such as
efficiency, water balance, quick startup, size, weight, and fuel
supply.
Among the application areas, transportation is the most
promising and competitive. This is because the transportation
industry is responsible for 17% of global gas emissions every year
and fuel cells offer near-zero emissions without having to
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to have a lifetime of 40000 – 80000 hours (5 to 10 years) [1]. To
power the off-grid radio base stations, Telekom Italy provided a
reliable solution of an integrated system including three different
energy sources: photovoltaic panels, battery packages, and fuel
cells. This is a potential solution replacing the currently Diesel
generators powering their off-grid radio base stations [20].

3

Modeling is necessary to describe all the fundamental
phenomena even though the complicated processes make the
modeling task particularly challenging. Models are also used to
predict fuel cell performance under different operating conditions.
Because of the complexity, assumptions are needed to simplify the
model and focus on a certain mechanism or a limiting case. It is
important to understand the assumptions in order to understand the
model’s limitations and accurately interpret its results.

Portable applications for fuel cells are mainly divided into two
categories: portable power generators and military devices. The
military market is particularly attractive because most of the time it
is adopter for new technologies, willing to accept higher prices and
limited performance if the main strict requirements are met [1]. The
development of small fuel cell systems for portable power
applications has resulted in a wide variety of stack configurations.
Some systems are miniaturized replicas of the larger automotive or
stationary power fuel cells with the same components.
2.2

There are different types of PEM fuel cell models depending on
the purpose they serve. One group of models focuses on a single
cell or specific parts of the fuel cell, such as the gas channel, the
membrane, the catalyst layer, or the gas diffusion layer. Stack-level
models consider the arrangements of more than one cell. Systemlevel models are focused on the entire fuel cell stack and the
auxiliary components that form a complete fuel cell system. Models
can be also classified depending on the dimensionality: one, two, or
three dimensional. Two-phase flow models or single-phase flow
models can also be differentiated, whether liquid water formation
within the cell is a phenomenon of interest [12].

Review of main physical processes and their governing
equations

A fuel cell is provided with simultaneous supply of fuel gas and
oxidant. Hydrogen is supplied in the form of H2 molecules on the
anode side and oxygen is supplied in the form of O2 molecules on
the cathode side. The electrochemical reactions also take place
simultaneously at the catalyst layer surfaces on both sides of the
fuel cell. In general, an electrochemical reaction involves either
oxidation or reduction of the gases.

3.1

(1)

After oxidation, protons move through the proton conductive
membrane, while electrons are subject to the external electric load
and they are received at the catalyst surface on the cathode side
through the bipolar plates. While moving through the membrane
protons attach onto water molecules forming hydronium complexes
H3O+ that move through the membrane from the anode to the
cathode. This process is called electro-osmotic drag. On the cathode
side, supplied oxygen diffuses to the catalyst layer. Once the
hydrogen proton has passed through the membrane, it is
electrochemically combined with oxygen and electrons to form
water, as follows:
𝑂2 + 4𝑒 − + 4𝐻+ → 2𝐻2 𝑂

Single-cell models

Single-cell models describe the electrochemical and transport
processes in each fuel cell component. In [21], PEM fuel cell model
is developed using a recurrent neural network. It is shown that the
nonlinear dynamics of the PEM fuel cell can be effectively modeled
using a two-layer recurrent neural network for later analysis of the
fuel cell behavior. Rakesh et al. [22] presented a one-dimensional
single-phase model of diffusion in a gas diffusion layer of PEM fuel
cell. During the operation of a fuel cell, gas, water vapor, and liquid
water get transported at different rates through the gas diffusion
layers, and the authors aim is to build a more realistic model
considering tortuosity and Knudsen diffusion mechanism for a
deeper understanding of the process happening in the GDLs.
Authors in [23] focus specifically on a one-dimensional model
predicting the cell performance based on oxygen diffusion at the
cathode catalyst layer. They conclude that PEM fuel cell
performance increases by increasing cathode catalyst layer pore size
and pore volume.

After hydrogen is supplied, it spreads through the anode gas
diffusion layer to the anode catalyst layer. The contact of hydrogen
molecules with the platinum catalyzer causes a reaction where
hydrogen molecules break into individual atoms of H first and
further to protons and electrons, as shown in (1). The reaction on
the anode side is called hydrogen oxidation.
2𝐻2 → 4𝐻 + + 4𝑒 −

Modeling approaches

One-dimensional models are used in stack-level modeling as
well. Gao et al. [24] developed a one-dimensional model where the
fuel cell stack is considered as a cell-level structure, each cell is
then divided into a layer level, and each level is modeled as an
independent control volume.

(2)

However, one-dimensional fuel cell models ignore spatial
physical characteristics such as reactants pressure drop or nonuniform current density distribution. The development of a
multidimensional model is very valuable, but additional spatial
information means more computational burden. In [25], a twodimensional model development process is explained while
presenting and improving three numerical algorithms and making
performance comparison. Authors in [26] develop a threedimensional numerical model employing the volume of the fluid
method to simulate the two-phase flow in the cathode gas channel
with the electrochemical reactions and water balance in the
membrane. They observe that lower performances can be predicted
at high currents showing that the model can compute the effects of
water flooding. Speaking of two-phase models, Grötsch et al. [27]
present a reduced two-phase model based on lower computational
time with reasonable accuracies for more suitable process control
purposes. An important three-dimensional, two-phase model was
developed by Tao et al. to perform parameter sensitivity
examination [28].

The reaction on the cathode side is called oxygen reduction.
Water that travels from the cathode to the anode due to a large
concentration gradient across the membrane is called back-diffusion
transport. These simultaneous reactions result in current of electrons
through an external circuit. The whole fuel cell operation scheme is
shown in Figure 3.

3.2
Figure 3. PEM fuel cell operation scheme [12].

Stack and system-level models

Usually, stack and system-level models are more frequent. They
are lumped parameter models used to evaluate fuel cell performance
under different operating conditions. A lumped system is a system
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where the variable of interest is a function of time [29]. Pukrushpan
et al. [30] developed a system-level model that includes the fuel cell
stack, the hydrogen supply system where hydrogen is supplied from
high-pressure tank, the air supply system, the cooling system, and
the humidification system. The stack temperature is considered
constant because of the slow dynamics of this variable compared to
the transient dynamics included in the model. There is another
model from these authors, consisting of an integrated fuel cell stack
and a fuel processor system [31]. Because hydrogen is not a costfree fuel, exhausting without recirculation would bring
disadvantages in the context of cost-efficiency. For that matter,
authors in [32] propose a model of a fuel cell system with
recirculation of both fuel and oxidant exhaust. Some stack and
system-level models are developed with a certain focus. A
numerically model was developed in [33] to study the dynamic
behavior of a PEM fuel cell stack subjected to load changes. On the
other hand, Deng et al. [34] focus strictly on the PEM fuel cell stack
thermal system. In [35], the authors develop a one-dimensional
model to study the dynamic behavior of PEM fuel cell stack
operating in dead-end mode to explain the different performances
between a ―fresh‖ and ―aged‖ stack. Simulations indicated that the
liquid water accumulation is at the origin of the performances
decrease with aging, due to its effect on decreasing the actual gas
diffusion layer porosity that in turn causes the starving of the active
layer with oxygen. Ondrejička et al. [8] focus on analyzing
temperature effects on the performance and efficiency of a PEM
fuel cell stack. Their model consists of three interconnected
subsystems that are responsible for simulating electrochemical,
thermodynamic, and mass transport effects that occur within the
fuel cell stack. The diagram of the model is presented in Figure 4.
The analysis shows that an increase in the temperature influences
the activation losses the most, significantly increasing their value.
On the contrary, ohmic losses are reduced which in turn causes an
increase of nominal power output of the stack.

Figure 5. 1.2 kW Ballard Nexa module [36].

4

Discussion

Performance, durability, and cost are the most important
challenges for PEM fuel cells. Cost reduction efforts are being
made within research fields that cover construction and assembly
methods, component materials as well as improved fuel production,
storage, and transport. On the other hand, the performance and
durability of PEM fuel cells depend on the operating conditions,
component materials, and inadequately captured challenges while
modeling. Several challenges should be captured while modeling a
PEM fuel cell:





Figure 4. Topological diagram of PEM fuel cell model [8].

Many models that are made based on the 1.2 kW Nexa fuel cell
system which contains Ballard fuel cell stack, shown in Figure 5.
This module is considered as a benchmark and is widely used
because of its simplicity compared to complex electrochemical
models while still allowing prediction of the oxygen excess ratio
(λO2), which is critical in fuel cell control design [36]. Authors in
[36] develop a model that may help in evaluating the effects of the
load dynamics on the PEM fuel cell system and improving its
efficiency by using optimal operation analysis based on the λO2
trajectory. Similarly, Saengrung et al. [37] achieved successful
voltage and current prediction by using only two input variables,
airflow and stack temperature. They have shown that backpropagation and radial basis function networks are capable of
predicting the performance of a particular fuel cell system with
satisfactory accuracy in a very short period of time.
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Fuel or oxidant starvation – Poor distribution of reactants can
affect their flow which can result in fuel cell degradation and
cell voltage drop. Authors in [38] specifically study the fuel
cell behavior under oxidant starvation, showing that it highly
affects the current distribution. To avoid this problem, proper
reactant distribution is critical, monitored by the system
controlling sensors and indicators.
Thermal management – Thermal management is extremely
important, especially when the stack is operated at extreme
temperatures, like below 0°C or above 80°C. Several studies
have shown that improper thermal management can lead to
membrane or catalyst degradation. Automotive fuel cells must
survive and operate in extreme temperatures from -40°C to
+40°C. This requirement has a huge effect on system design.
Survival and startups in extremely cold temperatures require
specific engineering solutions, like the use of antifreeze
coolants or water management. However, water cannot be
completely eliminated because water is essential for the
membrane proton conductivity.
Water management – Water management is one of the most
complex phenomena to maintain and for that reason is one of
the most studied issues in PEM fuel cell technology. Proper
water management requires meeting two conflicting
requirements: adequate membrane hydration and avoidance of
water flooding. Flooding can occur both at the anode and the
cathode, but it is more likely to happen at the cathode since
water is being produced at that side of the fuel cell. Flooding at
the anode side is less frequent, but both have serious
consequences in performance and degradation. On the other
side, a shortage of water is more likely to occur at the anode
side causing higher membrane proton resistance and voltage
drop. In [39], authors have proposed diagnostics and
prevention techniques, using two sensing electrodes at the fuel
inlet and fuel outlet. The response is given before the cell
voltage is affected which enables early diagnostics of those
failure modes. Also, authors in [40] combine the pressure drop
and cell resistance measurements to detect flooding or drying.
They claim that a pressure drop increase is a reliable sign of
increased water content in a fuel cell, while an increase in cell
resistance may lead to cell drying.
Cell exposure to impurities – Impurities in both fuel and
oxidant intake have a significant effect on fuel cell
performance and durability. It has been demonstrated that even
very small amounts of impurities present in the fuel or air
streams or fuel cell system components can severely poison the
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anode, membrane, and cathode, particularly at low-temperature
operation. The contaminants can strongly adsorb on the
catalyst surface to block the reaction sites, enter the membrane
to reduce proton conductivity, and cross over the membrane to
affect the other side of the MEA [41]. In the automotive
industry, even though fuel cells can meet the actual car
operating time expectations, numerous startups and shutdowns,
operation in various ambient conditions, impurities in fuel and
air may have a dramatic effect on fuel cell operating lifetime.
Degradation – During the lifetime of the PEM fuel cell stack,
all the components are prone to degradation and their
performances decrease. It is important to point out that
degradation processes on each component do not affect the
operation and the lifetime of the PEM fuel cell equally. Out of
all components, the membrane is the most critical one. Three
different types of degradation can happen on the membrane:
thermal, mechanical, and chemical degradation. The second
most critical components are the electrodes. According to [42],
degradation processes on the electrodes can be divided into
two categories: the catalyst layer and the carbon support
degradation. There is also a problem with corrosion of catalyst
carbon support during startups and shutdowns. It can occur
because of the uneven distribution of the fuel and crossover of
oxygen through the membrane.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Based on this review, with a comprehensive understanding of
all these challenges, more accurate modeling can be established
which will successfully detect them for further control.

5

Conclusion

[14]

The PEM fuel cell technology is significantly powerful to be
compared to technologies used especially in the transport and
energetic industries. Unlike similar classic technologies, PEM fuel
cell technology ensures higher efficiency of conversion of chemical
energy into electrical energy, followed by near-zero emissions and
long life. This study focuses on the basics of the PEM fuel cell
technology, as well as the modeling approaches. A review of
various modeling methodologies is proposed. Generally, to create a
model the application field is of primary interest, as it dictates the
main focus and aim of the model. This is important to know
especially because some assumptions have to be made. To do that, a
clear understanding of the complex phenomena inside a PEM fuel
cell is necessary to enable correct assumptions and satisfactory
results. It can be observed that there are many modeling approaches
that can be seen as an additional aid in the future of this study.
Certainly, such a system as a PEM fuel cell system can be better
understood by crossing several modeling approaches.
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