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INNOVATIVE ROLE OF THE REGIONAL EDUCATIONAL SYSTEM: RESPONSE
TO THE CHALLENGES OF THE NEW ECONOMY
Prof. dr. Zaborovskaia O.
The State Institute of Economics, Finance, Law and Technology, Russia
ozabor@mail.ru

Abstract: Industry 4.0 has a significant impact on the economic and social sphere of society. Changes in the economic system give rise to
a number of social risks associated primarily with the labor market, occupational structure and employment. In the article the social risks of
the digital economy, identifies threats and challenges to the education sector are systematized. Contradictions of the functioning of
educational institutions are described. The innovative role of the educational system, which it can play in regional development, is defined.
Innovative approaches to the development of the education system based on existing experience are proposed.
Keywords: EDUCATION, INNOVATION, SOCIAL RISKS, INDUSTRY 4.0, DIGITAL ECONOMY

Changes in economics and management, related to Industry 4.0,
significantly affect on the professional structure and needs of the
labor market, on the quality and competencies required for human
capital carriers. Consequently, the educational system has new
tasks, the role of educational institutions is changing significantly.
The principles of federalism suppose a high degree of freedom of
the regions in choosing ways to develop the economy and in
regulating regional markets. Under the conditions of the new
economy, educational institutions in the region may become an
additional shock absorber of emerging social risks, if such
institutions realize their innovative role in these processes.

1. Introduction
Modern socio-economic systems are developing in terms of
new challenges associated with the deployment of the fourth
industrial revolution, called Industry 4.0, which has a significant
impact on all aspects of public life: economic processes, social
interactions, philosophical understanding of human place in the
modern world. The scientific discussions of recent years have
focused their attention on finding mechanisms for developing
competitive advantages in the conditions of the new economy, on
potential social benefits and threats The multilateral aspects of the
implementation of the ideas of Industry 4.0 had considered at the
economic forum in Davos at its discussion platforms. [1]. Later this
topic was on the agenda of the St. Petersburg Economic Forum
(2017).

2. Prerequisites and means for solving the problem
The implementation of the ideas of the new industrial
revolution, the construction of enterprises on the basis of the digital
economy are becoming sources of competitive advantages for
individual organizations, regions and countries. However, one
should not overlook the social risks and threats that could
potentially arise. These risks and threats form the prerequisites for
changing the role of educational institutions in regional
development.

A new digital economy emerging under the impact of the
industrial revolution is based on the organization of production
processes on a digital basis, which implies a wide automation and
control based on intelligent systems, the use of cyber-physical
systems in production, constant interaction with the external
environment, eroding the boundaries of the enterprise as such, the
use of cloudy technologies. Formable digital economy not only has
a number of new properties, but also greatly changes the relations of
production, the existing social structure of society, social
relationships, makes new demands on the personnel and on the
system of its preparation [2].

Let consider some of them.
In past, many researchers and practitioners had recognized the
increasing role of personnel in supporting the activities of an
enterprise, also the influence of the human factor on production
processes. At the new type enterprises, the employees itself does not
mediate decision-making; it is done by means of intelligent systems,
relying on databases. Production is becoming flexible,
individualized. And this is already a reality. For example, this is
how the Siemens plant (Amberg) operates, producing Simatic
controllers. About 75% of all work at the plant is carried out
without human participation. The plant offers over 1000 production
options, and communication with consumers is carried out via the
Internet [3].

Production processes and relationships are becoming
qualitatively different. Earlier also innovation activity, automation
of management processes was carried out, but organizationally it
happened inside one enterprise (or their group), the employees, as a
rule, was in constant communication with the employer, the
qualification requirements for personnel were relatively stable for
long time. Changes in data exchange with the outside world, their
intensification, cloud technologies, digital platforms gives
possibilities to form global industrial networks based on new
principles, when the processes of automation, generation and
implementation of innovations go beyond individual enterprises and
create a kind of common production environment.

So, on the one hand, the requirements for personnel, for its
adaptability, flexibility, learnable are increased, on the other hand,
as in any case of automation, there is a release of labor. And here,
therefore, there is a need for continuous training of personnel
employed in the production, as well as solving the problem of
employment for those released from the production process.

In the digital economy, data (databases) are becoming key
elements for making management decisions. New information
systems, in contrast to the previous ones, have a huge performance,
with the highest (almost unlimited) level of automation, as well as
with high connectivity, which provides interaction regardless of
physical distances. The Internet of Everything (IoE) connects into a
single complex of people, all kinds of processes, things and
services. Management decision-making models are changing. The
use of objective databases allows you to overcome the intuitiveness
of decision-making in business and in government service, where
there is a traditionally high level of subjectivity and "magic of job
title of decision-maker".

In addition, some professions are at risk due to changes in the
technological basis of production, increasing automation of
production processes, and robotization. A person can be replaced by
robots in those works that are routine in nature, performed on the
basis of an It is necessary to pay special attention to the social risks
associated with changes in the needs of the labor market and the
structure of employment. According to the report “Russia 2025:
from cadres to talents” of the organizations WorldSkills Russia, The
Boston Consulting group (BCG) and Global Education Futures, by
2025, in Russia there will be the most demand for workers of the
so-called category “knowledge”, who have the abilities for making
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improvisation, taking independent decisions, working with
uncertain situations. Currently, approximately 17% of employees
perform creative or analytical tasks (in European countries - 2945%), about 50% are mainly engaged in routine work. 35% of
employees are engaged in activities that do not require special
training (the most popular professions are the driver (7%), the seller
(6.8%), the security guard (2%)). It is assumed that in Russia about
10 million people may remain without work in the future. At the
same time, there will be a shortage of about 10 million people
capable of solving analytical, creative, non-standard tasks [4].

Consumers of educational services at all levels intuitively
respond to the defects of the system, which is expressed in such
trends as: an increase of almost 10 times from 2008 to 2017 the
number of children in home education; a significant increase in the
number of consumers of online courses [6]; huge volumes of the
market of tutoring services (according to experts of the Center for
Economics of continuing education of the Institute of Applied
Economic Research of the Russian Academy of National Economy
and Public Administration, in 2017 the volume of this market was
120 billion rubles, since 2000 it has grown 6 times, the annual
growth is 3-5%) [7].

It should be noted that in terms of robotization, Russia is still
lagging behind the leading countries. Thus, the average rate of
robotization in Europe in 2016 was 99 robots per 10 thousand
employees, in South Korea (the absolute leader) - 631 robots per 10
thousand employees (in 2015 this figure was 531), in the most
robotized European country - Germany - 309 robotic solutions per
10 thousand employees, in the USA - 189. The average number is
74 robots per 10 thousand employees. In Russia, this figure is 1 [5].
At the same time, the Russian economy is developing in line with
global trends, so the risks of employment change may be somewhat
postponed in time, but they cannot be ignored.

In addition to the risks to the labor market, it is also necessary
to highlight the problem of social adaptation of the population to the
digital economy, in particular, it concerns needs for continuous
training and for the development of new skills in the digital space.

3. Solution of the examined problem
The essence of social risks can be determined as follows:
changing the role of personnel
in
decision-making and
management; abrupt changing in the types of professions and in
requirements for them; increasing demands for adaptability,
flexibility, creativity, and training of personnel; the threat of a new
type of unemployment; and the need for social adaptation of the
population to digitalization. It seems that the risks can be reduced
by using innovative approaches to education. It is obvious that
changes affecting the economy and the labor market cannot but
affect the education system. However, traditional models and
methods are unlikely to be viable in the future. At the same time,
the introduction of innovations in the educational process can bring
a synergetic effect, forming not only the prerequisites of the digital
economy, but also preventing emerging social threats.

The potential of economic growth is provided by the
manufacturers and providers of Internet services, which are
penetrated to the traditional spheres and which are transform them
on the basis of cloud technologies (taxi service, accommodation
booking, etc. Thus, the Internet of Things is actively developing in
the transport industry. It is not only a remote monitoring system.
Currently, smartphones are very popular among users (about 50%
of all mobile devices), and this gave impetus to the development of
services such as Uber, Yandex, to building a system for monitoring
road congestion on maps. The taxi market in major cities has
changed a lot [6]. So some professions may dissapear in the future,
while others may appear dynamically.

Educational organizations should be guided by a changing
competency model. Thus, according to the WorldSkills
classification, it is possible to single out New skill - a competence
that currently does not exist or exists individually in advanced
technological enterprises; Transforming skill - the competence that
will change under the influence of new technologies; Redundant
skill - competence that will be outdated and disappear. The adopted
national program “The Digital Economy of the Russian Federation”
is set a number of important tasks for the education sector:
formation of educational programs aimed at ensuring digital literacy
of the population, as well as training for the digital economy. The
special categories of the population in the program are people over
50 years of age, teachers, civil servants, who is extremely interested
in advanced training and involvement in the digital economy. By
2024, it is planned that the share of domestic spending on the
development of the digital economy will be increased to 5.1% (now
1.7%) [8].

According to expert estimates, the most advanced in terms of
the use of IoT technologies, currently in Russia are the following
industries and fields of activity:
- electric power industry (new technologies for equipment
operation, formation of a center for gathering technological
information);
- logistics service (cargo tracking system and their geo-location,
“smart” transport infrastructure management, primarily in large
cities);
- healthcare (electronic health monitoring, remote examinations,
for example, drivers, telemedicine);
- “smart city” (management of resources, electricity, transport);
- “smart home” (control of heating, lighting, microclimate,
security, consumer services);

The additional challenges to the education system in the digital
economy are the following: reducing the value of obtaining a
diploma as an education certificate (leading companies disclaim
mandatory requirements, in particular, Google, Apple, IBM);
obsolescence of professions in the period of preparation (the period
of professional training is 3-4 years); changes in employee
competency requirements; growing need for continuous retraining;
growing demand from the population for new flexible programs;
growing needs of the population in obtaining knowledge about
various spheres of life.

- agro-industrial complex (precision farming, remote control of
agricultural equipment) [3].
In the report mentioned above the reasons for the low level of
Russia's competitive advantages are cited: insufficient demand for
knowledge on the part of employers, systemic problems in the field
of education, and the desire of the workforce for stability, not
growth. In order to meet the needs of the new economy the content
of education must be changed to meet the needs of the new
economy: from the knowledge in the subject area to the acquisition
of universal competencies, allowing to solve various tasks. The
systemic problems of Russian education are: an insufficiently high
level of competence, flexibility and abilities to change, which
school teachers have; the inability of educational institutions to
work in conditions of increasing competition (the emergence of
alternative sources of increasing knowledge and competencies); the
substitution of education by the presence of a diploma; insufficient
level of financing of secondary vocational education and its weak
connection with the needs of the regional labor market.

The functioning of the modern education system is associated
with the manifestation of a number of contradictions. Professional
education organizations form and approve recruitment plans for
certain professions in advance but the demand for these professions
may fall. Also, the terms of training are set by law, while the
regional market and the digital economy need to quickly obtain the
necessary knowledge and skills. Educational organizations operate
in a highly bureaucratic environment, but the market dictates
flexibility. Requirements for teacher's competencies are faced with
the routine nature of determining the level of their qualification.
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Educational organizations cannot resolve these contradictions on
their own, it is necessary to change the legal framework and the
whole system of regulation of the education sphere.

organization, even if the quality of management is perfect. Changes
in legislation and the entire system of regulation of educational
activities are required. If this is not done, the education system can
be a brake on the development of the digital economy.

Organizations of vocational education in the region can reorient
themselves to flexible models for obtaining knowledge in
accordance with new needs, offering advanced training courses for
workers in new industries in close connection with practical
activities (training in connection with practical tasks). For exempt
workers, educational organizations may offer comprehensive
retraining services in cooperation with employment services (which,
in turn, must take into account not only the current situation, but
also its forecast). For the population of the region, various formats
of learning digital competencies, training of users of “smart
systems”, including in the form of tutoring, are possible. School
educational organizations need to focus on developing flexible,
creative thinking among students. It is possible to solve this task on
the base of introduction into educational programs such courses as
music education, visual arts, and culture study; these disciplines
affect on “right hemisphere” activities development and create an
opportunity for students to solve non-standard tasks in various
fields of knowledge.

Innovations in professional education contribute to the
adaptation of the educational system to new challenges, provide
possibilities to use educational institutions as educational centers of
regional development. In the new conditions, universities can act as
integrators of transformations and a platform for interaction of
actors of the regional socio-economic system. It is necessary to
study the positive experience of universities aimed at increasing
flexibility, developing the concept of continuing education,
intensifying contacts with the population of the region and training
in the field of additional education programs.

5. Conclusion
Thus, the fourth industrial revolution puts society in the face of
new social threats and challenges. The greatest risks are associated
with modifications of the social structure of society concerned with
the requirements for the professions changing. It is necessary to
organize system of lifelong learning for employees. In addition, the
population of region needs to adapt to digitalization processes, not
only learn how to correctly use new technologies, but also do it in a
safe way. The educational system can provide an answer to these
challenges, but this requires a significant change in the approaches
to knowledge transfer processes, the formation of flexible training
modules based on the use of innovations. This, in turn, will be
possible only in the conditions of abandoning the old models and
methods of regulating the educational environment, including the
revision of formalized standardized approaches to assessing the
quality of education.

There are some positive experiences of universities activities in
Russian regions. The university may be an innovation driver as well
as a center of digital development. For example, Omsk Agrarian
University is implementing the project “University Open to the
Region”, in which the university interacts with the population,
business, and educational institutions of a different level (secondary
vocational education).
A significant role is played by the organization
WorldSkillsRussia, which has developed five programs for Russian
universities. WorldSkills Academy will be engaged in advanced
training of university teachers. This is one of five programs
designed specifically for higher education institutions. Other
programs are aimed at training experts among university faculty
members for holding championships and a demonstration exam on
WorldSkills standards, training championship organizers and
enhancing the managerial qualifications of the university’s
personnel reserve. 11 universities are already participating in the
movement. These universities already use the WorldSkills tools in
their work: they implement WorldSkills standards in the
curriculum, conduct a demonstration exam, develop new
competencies, and also create training grounds and specialized
competence centers on their basis [9]. These are predominantly
technical universities, but also the universities that have the
educational program of social work are trying to join the movement.
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4. Results and discussion
The formation of the digital economy affects not only on the
economic but also the social sphere. The main problems associated
with the functioning of the education system in the digital economy,
the following: changing the role of staff in decision-making and
management; drastic changes in the types of professions and
requirements for them; increasing demands for adaptability,
flexibility, creativity, training of personnel; the threat of a new type
of unemployment; the need for social adaptation of the population
to digitalization.
A number of contradictions can be distinguished in the
education system, the manifestation of which reduces the
effectiveness of the activities of educational institutions: the
possible lack of demand for the profession - centrally establishing
of students recruitment plans; availability of long-term fixed
training periods - the need for their reduction for the regional
market; fixing competences in educational programs, strict
regulation of their implementation - the requirements of flexibility;
the need to change the competencies of teachers - the traditional
assessment of qualifications; the need to involve practitioners in
teaching - an outdated regulation of teaching. However, these
contradictions cannot be resolved within a separate educational
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GENERATIONAL MOTIVATION DIFFERENCES AT THE R&D CENTERS:
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Abstract: There often seem to be differences in work values between employees (and managers) who are from different generation. There has
been a continuing debate about the extent to which Gen Yers and Zers are motivated by similar values and processes as those from earlier
generations, who were already in the workplace when earlier studies were conducted. An associated question might be whether Gen Yers
(many of whom are now working as junior and middle managers) and Zers that work on R&D center subscribe to similar motivational
techniques and theories as those managers who were born in an earlier generation. Although there has been a great deal of speculation and
opinion regarding the motivation of the Generation Y and Z that work on R&D center, there has been relatively little formal research.
Keywords: GENERATION Y, GENERATION Z, GENERATIONAL DIFFERENT, RESEARCH AND DEVELOPMENT EMPLOYEES,
WORK MOTIVATION, WORK VALUE, INNOVATION.

2. Generation Y

1. Introduction

Generation Y is a collective termused to refer to those ―born
between 1980 and 2000, also referred to as the Internet or dot.com
generation‖. Generation Y grew up in a time of economic expansion
and prosperity, but is maturing during years of economic
uncertainty and upheavals. Many Yers have work experience while
being a student before they graduate from school and enter the fulltime workforce. It is assumed, ―therefore, that they have clear
expectations about what they want to do, for whom they work, and
who they want to be in the future‖ [4].

The study of generational differences has garnered increasing
interest among organizations, practitioners and researchers in recent
years. There are many reasons for this keen interest, including the
need to manage people from several different generations, to better
adapt the workplace to a multigenerational workforce, to attract and
retain new talent, and to identify the working conditions that will
lead to positive attitudes and behaviours among younger
generations [1]. Generation concept is defined a group that shares
important vital events at the same birth year and critical
developments within these events [2]. Generation Y is defined as
those born between 1980 and 1995, while Generation Z is generally
defined as the cohort of those born between 1995 and 2010. But in
the national and international literature, Generation Z doesn‘t take
place on the classify vastly. The cause of it could be the period of
time on which researchers of that time were in or being not
predicted of changing of improving events on the World and ways
of life rapidly with the effect of globalization at the same time [3].

They favor an inclusive management style, tend to dislike
slowness, and desire immediate feedback about their performance
[5]. Baruch (2004) argues that ―they seem to be less interested in a
lifelong job, but more interested in challenging and meaningful
tasks that help to achieve high career goals‖ [6]. Nevertheless,
enjoying a fulfilled and balanced life also appears to be a motivator
for this generation. They are willing to fight for freedom, and value
home and family. Different from Generation Xers and other older
employees, the Yers want to enjoy their work but not let it rule their
lives. Employment flexibility is away of achieving work-life
balance, so management and organizational culture should support
such flexibility [7]. Generation Yers have a drive for career
success, and crave opportunity and responsibility [8].

In most families, the behaviors and interests of children—in
music, dress, food, and attitudes toward work-differ substantially
from the behaviors and interests of their parents. Given that culture
is defined as a circumstance of shared values, generational
differences could be construed as differences between cultures,
much like the differences between nationalities. In much the same
way, there often seem to be differences in work values between
employees (and managers) who are from one generation and those
from a different generation. There has been a continuing debate
about the extent to which gen Yers and Zers are motivated by
similar values and processes as those from earlier generations, who
were already in the workplace when earlier studies were conducted.
An associated question might be whether gen Yers (many of whom
are now working as junior and middle managers) and Zers that
work on R&D center subscribe to similar motivational techniques
and theories as those managers who were born in an earlier
generation. Although there has been a great deal of speculation and
opinion regarding the motivation of the generation Y and Z that
work on R&D center, there has been relatively little formal
research.

In the workplace, Suleman and Nelson (2011) described ―Gen
Y as providing competitive advantages to companies because Gen
Y employees are highly educated, well-versed in technology,
innovative and confident‖ [9]. On the other hand, ―Gen Y
employees have also been found challenging to deal with as they
not only demand clear instruction and instant feedback (Saxena and
Jain, 2012; Petroulas, et all, 2010) but also has a short-term focus
and low loyalty to companies‖ [10].
The Ys are the first technologic and global generation of the
world. Their most distinctive trait, which differs from other
generations, is that they live together with the technology.
Therefore it is remembered as the ―most technological generation‖.
The Ys often use technology in order to carry out the tasks they are
commissioned. We may suggest that their adaptation capacity is
high. They are a generation who is able to keep pace with change,
even like and want it. They are aware of speed of change. They can
fulfil their all sorts of work very quickly. The Ys do not like waiting
and do not know to be patient [11].

This study firstly explains the individual and organizational
characteristics of generation Y and Z in a comparative manner. This
study provides comparative information on the attitude and work
motivation of gene Y and gene Z in the workplace. The
intergenerational differences of R&D employees who constitute the
main axis of the study are discussed within the context of
organizational motivational determinants. The studies and
researches on this subject have been compiled and analyzed in a
holistic manner.

On the other hand, the members of the Generation Y can think
more globally than the other generations can do as they were born
into a globalized world. They respect other races, sexes, ethnic
origins, cultural values and sexual choices. Depending on the
terrorist attacks they suffered from, instabilities in politics and their
distrustfulness for authority and politicians, the Ys prefer making
short-run plans to long-run plans. Another trait of the Ys is that
―they want any job they do to be fruitful and different. As they are
resolved and selfreliant they hold their motivation high‖ [11].
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Thanks to the advantage of being a technological generation the
employees of the Generation Y do not have any difficulty in
researching and may use the information they get for their job. They
easily may access to information and use it to solve the common
problems of the company they work for. ―The Ys have an ability to
compile information from different sources and use it to solve the
problems filtering out the information they gather as they are
exposed to information bombardment since they were born‖ [12].
The Y employees want to be led at the corporation they work for
and prefer an individual work supported by coaching.

have a command of Internet technology, play Internet-based games,
socialize on Internet environment, like to be online 7/24, get
information from Internet and share continuously something‖ [11].
One of the positive traits contributed to this generation by the
Internet technology is that they are able to be interested in more
than one subject at the same time. As their ability to be interested in
more than one issue is highly advanced, they are thought to have the
highest motor skill synchronization for hand, eye and ear in the
history of humanity. The Zs like activities and games allowing
creativity. Their most distinct traits are socializing through Internet,
consuming rapidly, practicality and speed, interactivity, efficiency,
dissatisfaction and being result-oriented. They suppose anything
possible in the World and can do everything thanks to their
equipment. Their self-reliance is high. They tend to be efficient and
innovative. ―They are expected to live under better living standards,
longer and be wealthier than the previous generations thanks to the
advanced technology. The Zs still continue to study today‖ [11].

In order to motivate the Generation Y, who challenge the
authority, do not like the orders and hierarchy and not are impressed
by the title and position, need a manager believing in and
supporting them. As the children who grew up with the family
support they want the older staff to be their manager – not their
fellows. ―They need the fellow to have fun in the workplace and set
up a pleasant work environment‖ [11].
The Generation Y expecting quick promotions because of their
impatient personalities may easily change the job unless they are
promoted. Changing job seems to be a normal thing for this
generation. The Generation Y, with its character open to change, do
not have a difficulty in adapting to the new companies in which
they are employed. Therefore they prefer working to live to living
to work. The members of this generation who are able to do more
than one job at the same time and prefer multitasking jobs – even
careers – want to be known by their careers not the job they do. The
employees of the Generation Y attaching importance to the spiritual
values in business life and demanding their opinion to be asked
always want to be active in the company. ―Instead of being a part of
a chain that is unaware of what it is doing, they choose to be in a
critical position regarding the vision of the company and involve in
the innovation works to improve the company‖ [13].

Gamification is a delightful concept: it is a creditable idea to use
―video game elements to improve user experience and user
engagement in non-game services and applications‖ [15]. İncreased
engagement is claimed to have numerous benefits like improved
performance and greater user satisfaction [16]. The basic mechanics
of gamification are closely related to the mechanics of game design:
addressing the human desire for socializing, learning, mastery,
competition, achievement, status, self expression, altruism, or
closure [16]. An important element of games and thus gamification
is to make small steps of progress visible and thus look greater.
Nowadays, the theories of gamification that are closely related
to gen Z, and these effects on their business life are important. On
the other hand gamification is technology that can drive gen Z
engagement at work. ―Gamification is the application of big data
and video game mechanics to workplace activities. With many
companies already using contests and competitions to engage their
employees, gamification technology can help formalize a
performance-driven culture. It can also teach new skills and
increase transparency with real-time feedback, he added — all traits
that appeal to those in gen Z‖ [17].

The members of the Generation Y work to become free not for
money. They aim to improve their careers together with their
seniors coaching them. They lean towards teamwork within the
corporation in order to gain their personal goals. ―The Ys, who want
to work for technology-integrated companies thanks to their
entrepreneurial and innovative spirits, prefer using instant
messaging and e-mail. Initially they may discourage the companies
because of their different personalities. But soon after they start to
work, they may make a breakthrough for the companies that
achieve to obtain efficiency from them. The way to keep the Ys in
the company is to motivate them‖ [11].

4. Generational Motivational Differences at the
Research and Development Services (Gen Y and Gen
Z)
In addition to deciding the types of HRM motivators and
incentives to be used, unlike any other industry or field, an
organization with employees in research and development must
consider other underlying factors. One of these factors is
generational differences. Studies show that ―in order for an
organization to build an effective retention plan and keep its
employee base highly motivated, strategies and tactics need to be
tailored to reflect generational differences‖ [18].

3. Generation Z
The Generation Z, ―consisting of the people born since 1995,
are also called as Children of Internet, Digital Generation, Digital
Natives, Media Generation, .com Generation, iGen or Instant
Online‖ [14].
The most distinctive traits of the Generation Z are reliance,
freedom, individualism, addiction to technology and speed. There is
a great difference in terms of utilizing technology between this
generation and the Generation X, who are their parents. The Zs are
the children of PC, GSM and Internet. The members of the
Generation Z trying to comprehend the rapidly changing world and
grow up in it are the generation of the future. The evaluations
carried out regarding the Z generation cannot go beyond
supposition as they are under age, their personalities are not
maturated and it is not known what events may have an impact on
them in the years to come. The Generation Z, the children of the Xs
that were an important generation, is a complete technology
generation as they were born into technology rather than being
accustomed to it. They have been equipped with the technological
devices since they were babies. ―The members of the Z generation
who were born into a techno-global world can get contact with any
person in any location of the world in seconds and share
information. The Zs that may be called as the technology addict

For decades researchers have acknowledged that both pecuniary
and nonpecuniary incentives play a critical role in research and
development or innovative activity. In the previous chapter, we
emphasized the personal characteristics and various determinants of
the generation y and z. Adaptation to technological changes and
innovative ideas that affect deeply both generations are important in
R & D services [18].
According to the (2014) Millennial Branding and Randstad US'
research, reveals other attributes that distinguish Gen Z and Gen Y
employees. ―Gen Z has a clear advantage over Gen Y because they
appear to be more realistic instead of optimistic, are likely to be
more career-minded, and can quickly adapt to new technology to
work more effectively,‖. ―Additionally, since Gen Z has seen how
much Gen Y has struggled in the recession, they come to the
workplace better prepared, less entitled and more equipped to
succeed.‖ Research (2014) by Millennial Branding and Randstad
US provides an insightful picture of what employers can use to
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As compared with the previous generations they start to be
educated at the earlier age and get a developed and planned
education. They may benefit from the advantages of the education
they get in business life. Just a few of them can work because of
their age. Based on the specified traits of the Generation Z, ―they
are expected to have characteristics such as multitasking, efficient
technology utilization, individualism (not to like the teamwork),
creativity, global point of view and preference of non-standard and
personalized works‖ [11].

motivate, drive and inspire this newest generation as part of their
overall recruitment and retention strategy. ―Generations are
increasingly separated along narrower age bands, requiring
managers to juggle the needs and preferences of four or even five
distinct generations working side by side‖ [19].
Table 1: An Overview of The Working Generations (Gen Y and Gen Z)
Gen Y
Gen Z
Characteristics
(Born between 1980(Born between 19951995)
2010)

Formative
Experiences

9/11 Terrorist Attacks
Playstation
Social Media
Invasion Of Iraq
Reality Tv
Google Earth
Glastonbury

Economic Downturn
Global Warming
Global Focus
Smart Devices
Energy Crisis
Arab Spring
Produce Own Media
Cloud Computing
Wiki-Leaks

Aspiration

Freedom And Flexibility

Security And Stability

Attitude Toward
Technology

Digital Natives

‗‗Technoholics‘‘ –
Entirely Dependent On It :
Limited Grasp Of
Alternatives

Attitude Toward
Career

Digital Entrepreneurs –
Work ‗‗With‘‘
Organisations Not
‗‗For‘‘

Career Multitaskers – Will
Move Seamlessly
Between Organisations
And ‗‗Pop-Up‘‘
Businesses

Signature
Product

Tablet / Smart Phone

Google Glass, Graphene,
Nano-Computing, 3-D
Printing, Driverless Cars

Communication
Media

Text Or Social Media

Hand-Held (Or Integrated
Into Clothing)
Communication Devices

The disparate life experiences encountered by different
generations may affect each generation‘s value for extrinsic
rewards. More recent generations have more individualistic and
materialistic value orientations than past generations. ―On the other
hand the notion that extrinsic rewards such as pay, material
possessions, and prestige are the primary factors that motivate
humans to work is as old as the scientific study of work itself‖ [21].
In contrast today‘s young generation is more motivated by
innovative work than by money. Given that they saw their parents
work too hard and spend less time at home, and that they are more
likely to be laid off themselves, Gen Z members may believe that
there is more to life than a big salary, resulting in a lower value for
the extrinsic rewards by Gen Z [21]. ―Nevertheless, based on the
belief that Gen Z cares more about volunteerism and social issues, a
number of companies, as a way to attract younger employees, have
introduced extensive volunteer programs that allow employees to do
volunteer work on the company‘s time‖ [21].
To sum up, Gen Y and Gen Z love the idea of freedom at work.
Whereas others may be motivated by classic career models or the
prospect of a high salary, having meaningful work is the number 1
motivation factor for these younger generations. Work is not an end
in itself – it must have a deeper meaning, be fulfilling and enable
you to achieve tangible goals. To reach these goals, the place of
work is irrelevant. Especially if your workplace is a place that can
improve R & D and quality services. ―Younger generations see
traditional office workplaces with a presence culture and rigid
hierarchies as more of an obstacle to productive work. By contrast,
the importance of flexible working models is increasing: the content
of the activity is detached from space and time‖ [22].

Communication
Instant Messaging
Facetime
Preference
Source:Barclays Wealth: Talking About My Generation: Exploring The
Benefits Engagement Challenge (2013).

According to the table (Tab.1), which shows the main
characteristic and motivational differences of gen Y and gen Z, the
managers and human resource planners of the R & D firms should
take into account the significant inter-generational differences. The
potential innovative side of the Y and Z generation should be
evaluated separately by the managers.

5. Discussion
Understanding the work values of new generation young
individuals helps organizations appreciate how to structure jobs,
working conditions, compensation packages, and human resource
policies to attract Gen Z. ―What a other different generation valued
or expected from work when he or she was young may be very
different from what a member of Gen Z values coming into the
workplace‖ [21]. Thus, the management techniques that were
effective for young workers 20 years ago may not work now. In
addition, the same old recruiting techniques outlining the same old
jobs may not be effective for each new generation as it enters the
workforce. ―For example, many companies recognize they should
have a stronger presence on Internet sites such as Facebook. But
what should those advertisements and company descriptions
emphasize—what will be most likely to attract Gen Z? What
motivates Gen Z to work, and what do its members want out of a
job? The answers to these questions should drive the recruiting and
retention techniques used by companies. Thus empirical research
conducted on generational work values of Gen Z is needed‖ [21].

Generation Yers are generally described ―aswell-educated,
confident, socially conscious and having integrity and setting and
achieving personal goals matters to Generation Y‖. Research
studies also proved that Generation Yers want clear directions and
managerial support while at the same time, they demand
responsibility and flexibility to get tasks done in their own way [4].
That this generation is career orientated is also reflected in their
being prepared to work hard, at the expense of their work–life
balance, at the early stages in their career so as to progress. At the
same time, there are expectations of having some flexibility in
working hours and of having a level of salary commensurate with
graduate employment. Therefore Generation Ys can be seen to be
seeking a fair effort–reward equation. ―Generation Ys apparently
tend to seek encouraging and supportive management styles that
would allow them to perform well in a dynamic working
environment‖ [20].

The limited research on generational differences in work values
and work motivation has often relied on nonempirical data
(anecdotes, interviews) or problematic methods (cross-sectional
studies, which cannot separate the effects of age and generation).

The members of Z generation accessing to any kind of
information on Internet they need are supposed to be the most
connected generation ever born. The Generation Z perceive the
technology as a part of usual life but not an innovation, convenience
or a requirement one must be accustomed to [11].

―The effects of age can be explained by generational
differences, as younger employees may not perceive the standard
nine-to-five working day as a norm and may be more willing to
explore flexible working time arrangements‖ [23].
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Employees who want a lot of creativity intensity in their work
may need to be given more flexibility in choosing the most
appropriate times to realise their creative potential. Managers of
R&D employees might discover that offering freedom in choosing
daily and weekly working time in creativity intensive R&D jobs
may benefit both the employer and the employee [23].

[5] Francis-Smith, J. (2004). Surviving and thriving in the
multigenerational workplace. Journal Record, 1.
[6] Baruch, Y. (2004). Managing careers: Theory and practice.
London: Prentice Hall.
[7] Maxwell, G. A. (2005). Checks and balances: The role of
managers in work-life balance policies and practices. Journal of
Retailing and Consumer Services, 12(3), 179-189.

6. Conclusion
This study contributes to the literature with the compared
analysis, of the work values and work motivation of Gen Z and Gen
Y, important in R&D services. R&D employees prefer to challenge
themselves generally to do better than others, due to the
requirements of their roles in creativity and risk-resistance.

[8] Kerslake, P. (2005). Words from the Ys. New Zealand
Management, 52(4), 44-46.
[9] Suleman, R., and Nelson, B. (2011). Motivating the millennials:
Tapping into the potential of the youngest generation. Leader to
Leader, 2011(62), 39–44.

Young workers are now entering the workforce with different
values, on average, from other older generation, which may affect
recruitment and management. The ambition and idealistic role of
the new generations makes them able to develop in a motivational
way.

[10] Vui-Yee K. and Paggy K. (2018). The Effect of Work
Fulfilment on Job Characteristics and Employee Retention: Gen Y
Employees. Global Business Review 21(2) 1–15.
[11] Berkup Baysal S. (2014). Working With Generations X And Y
In Generation Z Period: Management Of Different Generations In
Business Life. Mediterranean Journal of Social Sciences, Vol 5 No
19.

Managers are encouraged to both recruit R&D professionals
who are intrinsically motivated and identify the rewards and
recognition practices that serve to promote intrinsic motivation
among existing employees. Unfortunately, intrinsic motivation
cannot be administered directly; rather, intrinsic benefits must be
provided ―more indirectly in the provision of facilitating conditions,
through, for example, task assignments (e.g., providing more
challenging assignments).‖ ―HRM practices should emphasize selfactualization, self-control, and self-regulation (e.g., through the use
of flexible working arrangements, team-based job design, and
formalized career development)‖ [18].

[12] Buckley, R. Beu D. Novıcevıc M. Sıgerstad T. (2001)
Managing Generation Next: Individual and Organizational
Perspectives", Review of Business, Vol.22/1.
[13] Schawbel, D., (2013) Millenials vs. Baby Boomers: Who
Would You Rather Hire? http://business.time.com/millenialsvs-baby-boomers-who-would-you-rather-hire (Date Accessed:
26.04.2019).

In sum, it appears that both intrinsic and extrinsic motivation
resources are important to R&D employees. But considering
intergenerational differences of R&D employees design an
appropriate mix of extrinsic and intrinsic incentives is important.

[14] Levickaıte, R. (2010) Generations X Y Z: How Social
Networks Form The Concept Of The World Without Borders The
Case Of Lithuania, Liımes.
[15] S. Deterding, M. Sicart, L. Nacke, K. O‘Hara, and D. Dixon,
―Gamification. using game-design elements in non-gaming
contexts,‖ in Proceedings of the 2011 annual conference extended
abstracts on Human factors in computing systems, New York, NY,
USA, 2011, vol. 2, pp. 2425–2428.

It is important to adopt change in order to make the
achievements of R & D studies sustainable and to prevent intergenerational conflicts. ―Moreover, the nature of work itself, and
creative knowledge work in particular, has changed considerably in
recent decades, and younger professionals entering the workforce
might be more able to adapt to those changes by using more flexible
working time to improve their individual competitiveness in the
creative R&D labor market‖ [23].

[16] Korn O. and Schmidt A. (2015). Gamification of business
processes: Re-designing work in production and service industry.
Procedia Manufacturing 3 ( 2015 ) 3424 – 3431.

Overall, generational characteristics have a strong impact on the
work attitude and motivation that creative R & D employees. It
appears to be unwise to have similar working motivation factors for
all generations. Working conditions (such as motivation and value
factors) that ignore the generational preferences of the employee
may make work results less efficient and could harm the well-being
of the employee, at least in the case of the creative R&D employees
covered by this study.

[17]https://www.cmswire.com/digital-workplace/building-a-culturethat-attracts-generation-z/. (Date Accessed: 26.04.2019).
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Abstract: The paper examines the relevant value-sets of entrepreneurs in Europe. As both approaches, i.e. the perspective of Economics,
which is interested in ideal entrepreneur mentalities, and Sociology that rather takes entrepreneurs' ethically-morally significant roles into
its main focus, are addressing epistemological and praxis-related aspects, then this paper highlights the importance of values as ontological
foundations to these features. From the various value-theories Shalom H. Schwartz's concept about Basic Human Values is applied as a
framework. Schwartz distinguishes ten types of values, which are interrelated based on a twofold axes. The empirical part starts with a
differentiation of entrepreneur-groups by cluster analysis based on the individualistic values. Then the collectivist values are invoked in
order to draw up more comprehensive profiles about the primarily identified groups. Finally additional variables contribute to the clarification of these profiles.
Keywords: ENTREPRENEURS, VALUES, EUROPE
variability (Schultz 1975), i.e. an understanding that critically and
dynamically question the fixed and static conventional solutions.
1. Introduction
For this an intellectual openness, an inner-inspiration and innerBeing an entrepreneur is consensually understood as somemotivation for continuous learning and re-assessing is needed. So,
thing individual commitment to face with challenges or to begin
one chain of features in linked to autonomy, while another is rather
adventures that are rather avoidable for people in general. The word
related to a competency of managing resources. This latter agency
‘entrepreneur’ etymologically originates back to the French expresis focused on maximizing profits and minimizing losses; it requires
sion entreprendre, which means undertaking a certain responsibility
a contemplative position of rational calculation and operating,
or task. This connotation signifies that an entrepreneur relies on
administering, controlling, and registering actorness over tangible
individual attributes, dispositions, capacities, competencies, and
and intangible resources, as well as over other people (Hart et al.
actorness. Economics is for a long time interested in the abstract
1995, Kwiatkowski 2004). This cold-headed approach is relevant
agent of the ‘idealistic entrepreneur’; it tries to conceptualize all
for the entrepreneur, yet it could lead to socially detached and inthose individual features that can support a subject to become a
strumental
praxes if the subject is narrowing down its perspective to
successful entrepreneur. Sociology, instead, is focusing on the
profit-orientation.
reflexive and critical capabilities of the entrepreneurs as agents who
The sociological approach actually takes this latter statement as
can facilitate progressive developments in the social realm. Accora starting point. As it was already said, this lens is interested in the
dingly, the previous approach is about the question ‘what makes
social roles and functions of the entrepreneurs. It argues that while
somebody an entrepreneur?’, while the latter is more about ‘what
the entrepreneurs are building up their success, they reflexively and
can an entrepreneur do for its social surroundings?’. Both perspeccritically recognize certain structural interplays (Kapitány & Katives contrast entrepreneurs to non-entrepreneur subjects in order to
pitány 2013). For instance, their autonomy could be unfolded if
reveal these two groups’ diverse features, and social roles and funcfreedom is generally facilitated in the social realm; their innovations. Yet, it is hardly presumable that all entrepreneur subjects are
tiveness could be unconstrained if rigid (traditional) cultural logics
similar respective to their individualities and agencies. Of course,
and references are substituted by more universal semantics and
they have different features, different cognitive-normative ideas,
patterns; their rationality could become a standard if social strucand different routinized praxes. They have to be diverse as they are
tures and institutions are substantially driven by common-sense
also human beings with individual subjectivities. We are all selfrationale; their priorities about learning and critical rejuvenation
constituted selves applying praxes (way of doing things) based on
could be progressed if social level openness, deliberative communiepistemologically relevant ideational substances (way of thinking).
cation, and continuous growth of knowledge based on diverse persOn the ontological level our subjectivity is underpinned by culturalpectives are flourishing. Accordingly, the sociological approach is
ly framed values. Values are both rationally, emotionally, and mointerested in the entrepreneurs’ moral-ethical reflexivity and how
rally driven beliefs serve as justifications and standards for our selfthis agency is facilitated by the spirits (logics) of capitalism (Bolconstructed ideas (individual understandings about the objective
tanski & Chiapello 2005).
world, natural environment, and other people) and applied practices.
This is why this paper is comparatively inquiring individual value3. Values as Ontological Foundations
sets as ontological level framings in order to map out if there are
The previous chapter briefly summarized how Economics and
significant value-references among entrepreneurs in Europe.
Sociology address the various features of the abstract Entrepreneur
as an idealistic agent. The discussed features are identified in these
2. The ‘Ideal Entrepreneur’
literatures as epistemologically relevant and praxis-related aspects.
The ideal features of the abstract Entrepreneur are addressed in the
As it was stressed in the introduction, compare to these features
Economics literature by many individual attributes, dispositions,
values are ontological foundations with framing capacities. They
competencies, capacities, and agencies. Most of these features are
are both emotionally affective beliefs and rationally consistent
interrelated, thus they contribute to each other’s evolvement (Chell
justifications serve as guidelines for the subjects to construct cogni2008). One of the core features is to strive for individual autonomy
tive-normative ideational substances and apply/avoid certain praxes.
(Hayek 1995 [1937], Holt 1997, Kirby 2004, Mises 2007 [1949],
Values have different meanings. Irrespective to cultures these
Smith 1976 [1776]), which could be described as independent
meanings are constant, however the subjects’ own sets of values,
decision-making, free choice about desired priorities and objectives,
their own value-preferences are culturally framed (Schwartz &
and freedom about goal-realization. This autonomy requires riskBilsky 1990). Therefore, values are abstract and general, but the
taking abilities and attitudes (Arrow 1951, Holton 2004), since
subjective set of values is always particular. This constellation
uncertainties are usually just calculable and manageable, but not
makes us individually unique, yet also embedded into a sociofully reducible. Dealing with risks is also a problem-solving compecultural and socio-moral environment. Among the contemporary
tency that urges entrepreneurs to be innovative and unbounded by
value-theories, Shalom Schwartz’s concept (1992, 2005, 2006,
routines and constraining customs (Baumol 1990, Schumpeter
2012) about the Basic Human Values is a well-refined approach.
1934). Trying the untried, attempting the unknown, searching for
Schwartz highlights that values are referring to three universal
new alternatives and options are impulses that can result out-of-therequirements: (1) about one’s biological needs, (2) about coordinabox outcomes. This ability requires creativity (Florida 2004) and
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Schwartz to differentiate the values into a four dimensions, two
axes model is more crucial. These dimensions are Openness to
change vs. Conservation on one axe, and Self-enhancement vs. Selftranscendence on the other axe (Figure 1).
Based on the arguments proposed in the literature of Economics
and Sociology about the idealistic features of the abstract Entrepreneur, it is presumable that (1) entrepreneurs consider the relative
importance of rather individual-centered values (i.e. Self-direction,
Stimulation, Power, and Achievement) in their own subjective set
(previous studies found evidences about this linkage, see: Holt
1997, Noseleit 2008); (2) the relative importance of values with
more collective connotations (i.e. Universalism, Benevolence,
Tradition, Conformity, and Security) is dependent on the aspect if
the entrepreneur subject prefers the individual-centered values of
‘Openness to change’ or rather ‘Self-enhancement’ as these two
dimensions are on different axes in Schwartz’s theory (overpreference of ‘Openness to change’, i.e. Self-direction and Stimulation should be positively associated with Universalism and a bit less
with Benevolence, and negatively with Tradition, Conformity, and
Security, while over-preference of Self-enhancement should be
negatively associated with Universalism and Benevolence, while
rather positively with Security and also conceivably with Tradition
and Conformity).

tion of social interactions, and (3) about survival needs related to
welfare and well-being of different social groups. Beside these
requirements, he also identifies six universal features of values: (1)
values are both rational justifications and emotional beliefs; (2)
values motivate for desired goals (what to achieve); (3) but values
are also standards with normative content (how to achieve objectives); (4) values are abstract in their natures, so they transcend
particular situations; (5) values are ranked according to subjectively
understood relative importance; and finally (6) individual agent’s
ideas and praxes are always underpinned by more than one value.
Schwartz distinguishes 10 types of the Basic Human Values:
1. Self-Direction: the desire of experiencing autonomy about
one’s own life, independence and innovativeness both
about thoughts and actions.
2. Stimulation: the desire of enjoying changes and new, untried paths in one’s own life; taking risks and pursuing
novelties and challenges; breaking with routines and habits.
3. Hedonism: pleasure and sensuous gratification for oneself.
4. Achievement: the ambition for personal success through
demonstrating competence.
5. Power: the desire of well-acknowledged social status and
prestige, as well as control or dominance over people and
various resources.
6. Security: a desired goal to achieve existential – both material and physical – safety and harmony of personal relationships, as well as to enjoy social stability and predictability.
7. Conformity: being loyal, adjusted, and accommodated to
social norms and expectations.
8. Tradition: respect for the norms and customs represented
in the cultural logics and semantics.
9. Benevolence: preserving and enhancing the welfare of ‘ingroup’ subjects with whom one is in frequent, close-knit,
and/or more intimate personal contact.
10. Universalism: the importance of others’ welfare and wellbeing (solidarity and equality), appreciation for the peaceful reconciliation of social problems (peace and justice),
respect for deliberative pluralism (democracy) and diversity (tolerance), and protection of nature.

4. Empirical Results of the Comparative Analysis
Data for the inquiry were obtained from the 8th wave of the European Social Survey (ESS 2016).1 The ESS is using the Portrait
Value Questionnaire (PVQ) respective to the Schwartz-test in order
to measure individual value-sets. PVQ is a 21 items-based survey
proposes individual profiles with value-contents, and the respondents are perceiving on 1–6 scale, where ‘1’ is ‘very much like me’
and ‘6’ is ‘not like me at all’, how much they can identify themselves with the given descriptions. The paper then uses the centered
scores of each profile-variable, which means that the individual
preference of a certain value-content is calculated in comparison to
the given subject’s total average about the 21 items. In light of this,
on Figure 2 and Table 1 below 0 is the total average, and values
with positive scores are preferred, while values with negative scores
are dispreferred ones. It should be mentioned as well, that the ESS
enables us to distinguish individuals according to their occupationstatus (if they are – or they were in their last job – employees or
self-employed ones). The paper also used the age group of 20–75 as
a filter. After sampling 12.1% (or 4137 individual respondents)
remained in the inquiry from the total database. In a first step the
paper applies the method of non-hierarchical KMEANS Cluster
Analysis based on Self-direction, Stimulation, Power, and
Achievement in order to find out if there are significantly different
groups of entrepreneurs according to these typically individualcentered values (Figure 2).
Four different entrepreneur-clusters were identified based on the
individual-centered values of Self-direction, Stimulation, Power,
and Achievement. The size of the cluster-samples are close to similar. In group1 only Self-direction is preferred in the respondents’
value-sets. In group2 both Self-direction and Achievement are in
the positive range, while Power in this cluster is also preferred
compare to group1’s general value-set, yet Stimulation is very much
dispreferred by members of group2. In group3 Self-direction is
highly prioritized, while Stimulation reaches positive score just
among respondents of this cluster. Power is strongly dispreferred by
group3. Finally group4 favors the selected individual-centered
values the most, insofar all components are close to be preferred,
yet none of them is really prioritized in the subjective value-sets.

Source: Schwartz 2012

Figure 1. The Schwartz model
These 10 basic values are in a dynamic interrelation according
to Schwartz. They can be grouped into two main categories: the first
five have rather self-oriented, more individual-centered meanings
(the subject in contrast to others as a unique agent), while the
second half embraces values with rather collective connotations (the
subject among others with respect to the references, patterns, interests, diversity, etc. of these social groups). Notwithstanding, for

1
The ESS is an open-source, academically driven, cross-national, bi-annual,
representative survey that has been conducted across Europe since 2001.
The survey measures the attitudes, beliefs and behavior patterns of diverse
populations; respective to the 8th wave this means more than 40 thousands
respondents from more than 20 countries.
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surroundings, and they are paying attention for the welfare and
well-being of others. Group4 or the Individualists represent almost
the opposite compare to the previous cluster. They disprefer most of
the values with collective meanings, especially Conformity and
Tradition. They have an individualistic mindset, but not in a sense
that they are motivated by self-trials, like solving problems in an
innovative way or searching for new challenges. They appreciate,
instead, the agency of control over material resources and others;
Individualists like to keep competencies in their hand, to supervision everything around them, and to manage all processes according
to their priorities. They are profit-oriented with moderate attention
to others’ welfare and well-being. Group2 or Risk-avoiders appreciate predictability and security, as well as balanced relationships.
They are in need of being socially acknowledged for their achievements and successes, they try to use this capital in order to build up
controlling competencies, yet they are frustrated by uncertainties
and untried challenges. Risk-avoiders are neither innovative, nor
creative; they are bounded by routines and customs. Group3 or
Innovators are their counterexamples. Members of this cluster
rejects conventions and well-established answers; they are continuously searching for new opportunities and paths, they are creatively approaching problems and aiming for innovative solutions,
and they are understanding that their autonomy and uniqueness
could be unconstrainedly evolved just if the whole social-cultural
milieu is liberated from static and rigid structural frameworks and
hierarchical stratifications.
As a final step, further socio-demographic indicators are included in order to refine our entrepreneur-clusters’ profiles through
logistical regression models (Table 2). Sex shows significant association respective to two clusters: among women there are more
Collectivists and less Individualists. Age has a significant correlation regarding to all clusters: with age the chance of belonging to
the clusters of Collectivists and Risk-avoiders is increasing, while
belonging to the clusters of Innovators and Individualists is decreasing. Education has significant impacts on two clusters: with higher
level of education the chance of belonging to the cluster of Innovators is increasing, while belonging to the cluster of Risk-avoiders is
decreasing. Income also shows significant association regarding to
two clusters: among entrepreneurs with low-income there are more
Risk-avoiders, while among entrepreneurs with high-income there
are more Individualists. Finally, the macro-region of residence has
cricual linkages: among entrepreneurs from East-Central Europe
there are much more Risk-avoiders and Individualists than Collectivists or Innovators. The same is true about entrepreneurs from
Southern Europe, yet with a smaller margin. Of course, this means
that among the entrepreneurs from Northern and Western Europe
there are significantly more Collectivists and Innovators than in the
other two macro-regions.

Source: Author’s own elaboration based on data from ESS8

Figure 2. Entrepreneur-clusters based on individual-centered
values
To gain more comprehensive profiles about the above-described
entrepreneur-clusters, values with rather collective meanings, i.e.
Universalism, Benevolence, Tradition, Conformity, and Security
were included into the examination (Table 1). Based on the outcomes, the entrepreneur-clusters could be named accordingly.
Table 1. Preference of values with collective connotations among
the entrepreneur-clusters
Collectivists
(1)
Hedonism
Universalism
Benevolence
Conformity
Tradition
Security

-0.31
0.96
1.09
0.03
0.48
0.63

Riskavoiders
(2)
-0.63
0.51
0.68
-0.08
0.24
0.66

Innovators
(3)

Individualists
(4)

0.06
0.75
0.75
-0.93
-0.33
-0.07

-0.12
0.10
0.26
-0.43
-0.30
0.19

Source: Author’s own elaboration based on data from ESS8

Based on data of Table 1 the entrepreneur-clusters’ profiles
could be enriched significantly. Group1 could be named as Collectivists since members of this cluster clearly favor all values with
collective connotations. These agents do not have individualistic
understandings and praxes; they are not representing the ideal entrepreneur features identified in the literature of Economics. The
Collectivists are rather appreciate predictability, security, and calmness; they respect the cultural references and patterns of their social

Table 2. Logistical regression models about the identified entrepreneur-clusters
Collectivists
Risk-avoiders
Sex (ref.: women)
0.82**
1.03
Age
1.03***
1.02***
Education
0.98
0.97***
Income (ref.: Finding it very difficult
1.16
0.75***
on present income)
Macro-region of residence (ref.:
Northern and Western Europe)
East-Central Europe
0.44***
1.51***
Southern Europe
0.75***
1.53***
RL2
0.041
0.026
Nagelkerke R²
0.065
0.044
N
857
1036

Innovators
0.97
0.98***
1.04***

Individualists
1.21***
0.98***
1.02

0.97

1.21**

0.27***
0.36***
0.069
0.109
967

3.56***
2.20***
0.068
0.112
1277

Source: Author’s own elaboration based on data from ESS8
your household’s income nowadays?’. Replies of ‘Living comfortably on
present income’ and ‘Coping on present income’ were merged as 1, while
‘Finding it difficult on present income’ and ‘Finding it very difficult on
present income’ were merged as 0. About the macro-region of residence 3
categories were differentiated: Northern and Western Europe (Austria,

Legend: As regards to the explained variables – 0: does not belong to the
given cluster; 1: does belong to the given cluster. Education was measured
by the highest level of education. Income was measured by the variable
‘Which of the descriptions on this card comes closest to how you feel about
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Belgium, Finland, France, Germany, Iceland, Ireland, Netherlands, Norway,
Sweden, Switzerland, and United Kingdom), East-Central Europe (Czech
Republic, Estonia, Hungary, Lithuania, Poland, and Russia), and Southern
Europe (Italy, Portugal, Slovenia, and Spain). References respective to the
categorical explaining variables are in parenthesis; as regards to the given
categories odds ratio (OD) should be understood compare to the references.
The level of significance of the ODs is marked as: * p<0.1, ** p<0.05, ***
p<0.01

Smith, A.: The Wealth of Nations. London: Dent & Sons, 1976
(1776).
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MODEL OF ASSESSMENT OF LEVEL OF POTENTIAL POSSIBILITIES OF THE
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Abstract: In this paper authors cover the problem of creation of automated control systems for the production technology which will provide
the given ranges of values of various properties of metallurgical products is considered. For a solution it is offered all properties to lead to a
comparable look, having entered a concept of potential of properties. The general vector of technological variables is offered to be defined
by finding of rational values of variables for target function which is equal to the general level of potential of properties in the corresponding
time frame.
KEYWORDS: AUTOMATED CONTROL SYSTEMS FOR THE PRODUCTION TECHNOLOGY; GENERAL VECTOR OF
TECHNOLOGIES; ESTIMATED VECTOR OF PROPERTIES; GENERAL VECTOR OF TECHNOLOGY
In article designing of the model used for comparison of rating
estimates of the enterprise during various time frames or
comparisons of these estimates at the enterprises making the same
products is discussed.

1. Introduction/
The article deals with the problem of creating automated production
process control systems that provide for obtaining specified ranges
of values for various properties of metallurgical products, as well as
evaluating the overall technology vector to achieve the required
properties. If the first part of this problem was solved methodically
long ago, then in the present study an attempt was made to find a
way to implement the second task, which allows one to significantly
expand the capabilities of the systems under consideration.

The following technology variables are considered: the chemical
composition of metal after smelting and extra oven processing (x1i
and x2ij); durations of melting, pure boiling, release from the
furnace and all melting (τ1, τ2, τ3, τ4); values of corrective actions: at
extra oven processing z2k, in process to forging z3l, at heat treatment
z4m. Each control action is estimated in shares in relation to its
normative value.

2. Discussion of the problem

Implementation of model begins with creation on the experimental
data of integrated distributions from the controlling influences and
properties of metal for different zones of a forging (hardness HB;
limit of proportionality σ, ultimate strength σB and flowability limit
σT; relative lengthening δ, relative narrowing υ; different types of
impact strength of KCU; micro and macrostructure, etc.).

So, in the offered technique monitoring of the sliding relative mean
values of each property and its dispersion is applied to traditional
control and the forecast of properties of products and also forecast
models of properties are developed. It is possible to evaluate
various a vector of technology variables, the providing necessary
properties, having used the acceptances of calculation of rating
estimates, known from economy [1]. But it doesn't give the chance
to define the general vector of technology at which necessary values
of all properties are at the same time reached.

Further using uniform distribution on a segment [0;1] random
numbers are played and pass to differential distributions of the
considered variables. Then each of differential distributions
becomes covered by eight distributions: normal, log-normal, betadistribution, gamma, t-distribution, logistic distribution, Weibull
distribution and uniform.

3. Problem resolution
For the problem resolution it is offered all properties to lead to a
comparable type, having entered a concept of potentials of
properties. Consider a vector of estimates of corrective actions. For
each property the estimated vector which coordinates are number 1
or 0 is under construction. Number 1 corresponds to a satisfactory
situation, and number zero – unsatisfactory. The situation is
established according to the provision of the considered point of
rather mathematical expectation of the corresponding property.
Potential of property is the length of an estimated vector the general
level or potential of the applied technology can be determined as
average geometrical value of potentials of properties.

From them the distribution in the best way covering the
experimental data is selected. For each of distributions it is
estimated statistical characteristics by means of a packet of Oracle
Crystal Ball.
Then forecast models of each property are built, using step
regression analysis [2]. Thereby reveal the variables Vs, which are
the controlling action for the considered properties, V S ϵ {x1i, x2j, τ1,
τ2, τ3, τ4, z2k, z3l, z4m}.
But the received equations have a shortcoming: coefficients at
variables can have both plus sign, and minus. It's circumstance
limits the use of widely used rating models (for example, the R.S.
Saifullin and G.G. Kadykov model). This disadvantage is
eliminated by using the indicator of potential properties. The quality
of model increases also due to inclusion in it of the statistics
considering dynamics of change of the function upon transition
from one time slice to another.

4. Results and discussions
The technique of construction and practical application of
mathematical model of assessment of level of potential
opportunities of the technology applied by the enterprise in a chain
is considered: steel smelting – extra oven processing –normal ingot
making– heating of an ingot under forging – forging – heat
treatment of preparation after forging. We will notice that the
wrought product has two working areas which are bearing various
loadings in an end product and having the corresponding various
mean values of the considered properties for ensuring necessary
operability of a product.

The potential of the i-th property is calculated as the square root of
the sum of squares of the coordinates of the estimated vector:
(1)
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Here: VS – controlling action; σS and MS – the sliding values of
average quadratic deviation of property and its mathematical
expectation; σS/MS – value of coefficient of a variation, SKV norm –
normative value of coefficient of a variation; ∆(S/S norm) – the
relative deviation of property S from its normative value S norm.
Further we will determine length of an evaluation vector [3]. The
vector is called evaluation because length of a vector gives an
assessment to the applied technology. Distribution of each
parameter is divided into two parts a vertical which passes through
mathematical expectation. The value of each coordinate is selected
in a random way from distribution. If the experimental point, lies in
the area providing higher level of property, then the coordinate of a
vector will be equal 1, otherwise – 0. For example, if the actual
content of sulfur and phosphorus is to the right of border of
mathematical expectation of distribution, then their coordinates are
equal to zero.
If the analyzed indicators are close to normative, then assessment of
level of potentialities of technology calculated by a formula (1) will
be close to unit. After calculating RS for each property (SS ϵ {HB, σ,
σT, δ, υ, KCU, micro and macrostructure, etc.}), it is possible to
determine their geometric mean value, which can be considered an
estimate of the level of technology capabilities applied by the
enterprise.

5. Inference
Thus, for automated control systems it is proposed to carry out
traditional monitoring of the current values of properties and their
ranges, as well as monitoring the levels of potential capabilities of
the production technology.
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Abstract: In this study, a plate heat exchanger (PHE) was designed to meet the ventilation requirements in a small dwelling by
performing heat recovery. In the Taguchi analysis performed by selecting three-level four effective parameters, L9 orthogonal array was used.
In the analysis, the optimal levels of the design variables were determined by using Computational Fluid Dynamics (CFD) results in order to
maximize the combined thermal and hydrodynamic effectiveness (CTHE) selected as the performance parameter. The CTHE was defined as
the multiply of thermal effectiveness and flow effectiveness of the PHE. The 3-dimesional CFD models of the PHE were designed to include
the effects of the local change in the flow cross-section, which will occur at the inlet-outlet of the air flow channels. Thermal and hydrodynamic
computation of PHE models were obtained by finite volume software. In Taguchi analysis, design variables and levels that maximize CTHE:
sub-channel number-6, channel height-3 mm, average air flow rate-2 m/s and plate material is paper. When the CTHE predicted from Taguchi
analysis was compared with that solution of the CFD model generated using the optimized design and operating parameters, the difference
was determined to be less than 1%. In addition, in order to calculate the CTHE based on the design variables, a mathematical equation was
obtained in a 90% confidence interval.
Keywords: PLATE HEAT EXCHANGER, TAGUCHI METHOD, HEAT RECOVERY VENTILATOR, COMPUTATIONAL
FLUID DYNAMICS, THERMAL AND HYDRODYNAMIC EFFECTIVENESS
Nowadays, buildings are very well insulated in order to prevent
energy loss. The construction technologies developed in recent years
have also ensure a more airtight building structures. For this reason,
ventilation systems have become an indispensable mechanical
installation component in buildings with glass facade and curtain
walling systems. The importance of ventilation has become more
prominent due to the adverse effects of global warming as a problem
of our age. While low-quality indoor air with high concentrations of
carbon dioxide and other harmful gases and vapors is exhausted,
recovery of that high or low temperature thermal load is very
important in terms of reducing energy costs. When fresh air, which
is passed through heat recovery device, is fed to the indoor,
approximately 70% of the energy of the waste polluted air can be
recovered [7, 8].

1. Introduction
Ventilation systems of buildings, integrated with heat recovery,
is an energy-saving and environmental friendly concept. It is not
always easy to create ideal indoor conditions in buildings and other
indoor areas, so it usually requires a significant amount of energy and
is costly [1].
Different heat exchanger technologies are being developed in
order to maintain the desired indoor conditions based on heat
recovery at the lowest economic and environmental cost. Heat
exchangers transfer heat energy from one fluid to another. In
particular, they are devices that transfer heat energy from exhaust
gases or fluids carrying waste heat directly to another fluid for a
useful purpose. These devices are widely used in the industry and in
many other applications such as motor vehicles and household
refrigerators [2, 3].

In the heat exchangers used in ventilation systems, criteria such
as the mass flow rate of air inlet and outlet should be equate (balanced
ventilation), no leakage and no mixture between fresh and stale air
streams, the heat transfer surface area is as large as possible and both
air streams interact with each other as much as possible, the
distribution of air streams in the flow channels should be equal and
uniform, there is no heat loss from the channel walls, minimizing
materials, manufacturing, installation, maintenance and operating
costs, should be considered for high performance [9].

In air-to-air PHEs used in ventilation systems, fresh air and stale
air streams are separated by a plate. As the temperature difference
between the two air streams continues, the heat energy in the hot air
stream is transferred to the cold air stream through the plate between
the fresh air and stale air stream, according to the first law of
thermodynamics. Thus, the heat in the hot and stale indoor air, which
must be removed from the building, is transferred to the cold and
fresh outdoor air which must be taken into the building. Heat transfer
may also be in the opposite direction in term of seasonal conditions.
A very cold or very hot air flow, while blown through a heat recovery
ventilation system, discomfort to the people indoor. In other words,
the temperature of the air supplied from the heat exchanger is
desirable close to the indoor air conditions. On the other hand, a heat
exchanger's supply of air at the right temperature does not mean that
it works effectively. If sufficient heat recovery is not ensured,
sufficient savings cannot be made economically [1, 4].

In this study, it is aimed to design a cross-flow air-to-air PHE for
use in the ventilation system of a small dwelling. Dimensional and
operational characteristics of the PHE to be designed in the flow rate
range of 50-200 m3/h were determined based on the CFD and
Taguchi method. In Taguchi method, number of sub-channels,
average air flow velocity, channel height and plate material were
selected as four effective parameters with three levels. The CTHE of
the PHE in the Taguchi method was chosen as the performance
parameter and the level of design parameters were determined to
make high that. CTHE, which were estimated by the Taguchi method
and that calculated by CFD analysis, were compared for optimal PHE
design.

With the slightest improvement in the efficiency of a heat
exchanger, very high energy savings can be achieved during the
working time. However, it is aimed that the temperature of polluted
air to be discharged from the heat exchanger where the heat is
recovered is the same as the outdoor temperature, and the temperature
of fresh air to be supplied to the indoor is the same as or very close
to the indoor temperature. In heat recovery ventilation systems, the
heat energy lost during the ventilation between the fresh air and the
stale air is recovered, while the room temperature changes caused by
the ventilation can also be adjusted. Thus, provided a comfortable
and fresh interior. In conventional ventilation systems, large amounts
of additional heating and cooling loads are caused due to the fresh
air. Heat recovery devices reduce these loads which must be met by
the air conditioning system, thus saving considerable energy [5, 6].

2. CFD details and methodology
The aim of the study is to investigate the effects of structural
design and operating variables on the CTHE of a PHE used in
ventilation systems and heat recovery devices. The aim of
maximizing CTHE is both obtain a higher heat transfer and a
minimizing of the flow energy to be consumed in the PHE. The
dimensional values and operational variables that would maximize
the CTHE of the PHE were determined by the Taguchi method and
CFD.
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Fig. 1 (a) Schematic representation and boundary conditions and (b) mesh structure for PHE [11].
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Fig. 2 Mesh number independence studies for (a) outlet temperature and (b) pressure drop.

channel length and thus in developing flow conditions [10].
Therefore, in order to obtain a fine mesh distribution, the boundary
layer mesh structure was used in regions close to the surfaces. The
boundary conditions and mesh structure of the PHE were given in
Fig. 1 [11]. The results of the study of mesh structure independence,
which were performed at the highest average air flow velocity for 5
different mesh structures, were given in Fig. 2.

In the design of the PHE by the 3-dimensional CFD analysis, the
fresh air and the stale air are in balanced ventilation conditions and
cross-flow. In addition, the PHEs are in the form of a flow channel
block formed by the sequential stack of separate thin plates and
assembling them. The symmetrical boundary condition was used for
both the fresh air and the stale air side, due to the periodicity of the
thermal and hydrodynamic conditions. In the design of the 3dimesional CFD model, half of the fresh and stale air channels were
modeled to shorten the solution time. The volumes of the solution
domains for both air streams were extended so that evaluated inletoutlet effects to the PHE channels. ABS (Acrylonitrile Butadiene
Styrene, k= 0.15 W/mK), aluminum foil (k= 202.4 W/mK) and paper
(k= 0.09 W/mK) were also selected for the plates with heat transfer
surface. The thickness of the plates is 0.2 mm.

Standard k-ε (epsilon) turbulence model and Enhanced Wall
Treatment wall function were chosen to evaluate the inlet-outlet
effects of PHE channels. Navier-Stokes and turbulence model
equations used in numerical solutions discretized and solved in
Fluent. Semi-Implicit Method for Pressure-Linked Equations
(SIMPLE) discretization scheme was selected for the definition of
velocity-pressure coupling [12, 13]. The default Under-Relaxation
factors are pressure: 0.3, momentum: 0.7, turbulence kinetic energy:
0.8 and turbulence dissipation rate: 0.8. 10-3 convergence criteria for
the continuity, components of velocity, k-ε equations and 10-6

Structural mesh was used in PHE numerical solution. Although
the Reynolds number at the highest average air flow velocity in the
channels is low enough to remain in laminar conditions, it is in short
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By examining the effects of each parameter on the design, the
optimum design sub-level of design variables are determined and the
effect of each design parameter on the performance parameter is
shown. ANOVA (Analysis of Variance) analysis is the most
commonly used statistical process in determining the percentage
effects of each parameter in a given confidence interval. ANOVA
also achieves determine which of the parameters should be checked
[17]. The steps in the Taguchi method are as follows:
(a) Defining the performance parameters and control factors to be
evaluated. (b) Determination of numbers and values of control
factors. (c) Selecting the appropriate orthogonal array, assigning the
factors to the array and making numerical solutions. (d) Analysis of
results and determination of optimum levels of control factors. (e)
Checking the validity of the results to verify the optimum levels of
control factors [18].

convergence criteria for the energy equation were used. The
numerical solutions were converged at an average of 210 iterations.
In the numerical solution, it was assumed that the velocity and
temperature profiles at the inlet were uniform, the pressure at the
outlet was constant (pressure outlet = 0), the stale air inlet was 298 K
and the fresh air inlet was 283 K, and the difference between the inlet
temperatures was 15 K. Thermo-physical properties of air were taken
from Ref [14]. According to the numerical solution mentioned in
Section 6, conservation of mass for both flow and energy
conservation equations between stale and fresh air streams:
ṁ inlet = ṁ outlet (kg/s)

(1)

Einlet = Eoutlet (kJ)

(2)

According to the results of numerical solution, the flow effectiveness,
which is the flow energy consumed per recovered heat energy, and
thermal effectiveness were calculated as follows [15]:
εf = Qrh ⁄Pfan

(3)

εt = Qrh ⁄Qmax

(4)

3.1. Selection of control parameters and
orthogonal array
Factors affecting the PHE design have been selected as number
of sub-channel, channel height, average air flow velocity and plate
material. As a result of preliminary calculations based on the
literature in PHE design, the control factors and their sub-levels given
in Table 1 are selected. Each of important factors for CTHE, which
is chosen as performance parameters in the design of the PHE, are 3levels.
The L9 orthogonal array has been used for 4 control factors, each
with 3-levels. The minimum number of CFD models for L9
orthogonal array and PHE design was obtained one less than degree
of freedom. In this study, the degree of freedom is 8. Thus, 9 different
models were generated for PHE design using CFD and the list of
these models were given in Table 2. In the Taguchi method, which is
performed in this study for the optimum PHE design, “the larger the
better” was chosen as the performance category [18].

The recovered thermal power, fan power (flow energy to be
consumed to overcome the pressure losses) [15, 16], maximum
thermal power and CTHE:
Qrh =ṁ cp (Tç Tg )

(5)

∀̇
Pfan =2× (
×∆p)
3600

(6)

Qmax =ṁ cp (Tsa,i -Tfa,i )

(7)

εCTHE =εf ×εt

(8)

n

1
S⁄N = -10 log ( ∑ 1⁄y2i )
n

was calculated as.

3. Taguchi method and details

(9)

i=1

In the above statement, y is the observed data and n is the number
of observations. The negative sign is added to the expression to
ensure that the operation yields an optimal numerical result for the
maximum performance parameter value.

The Taguchi method is used to determine the main (important)
parameters showing the greatest effect on the response parameters
investigated. Instead of changing one factor each time with this
method, all factors are changed simultaneously according to the
design array and also the change of response values according to the
selected performance parameter is observed. It is also possible to
evaluate several factors with the minimum number of experiments or
numerical solutions by Taguchi method. Therefore, an important part
of the method proposed by Taguchi and also a list of experiments or
numerical solutions, orthogonal arrays have been proposed.

Table 2: 9 different designed numerical PHE models according to Taguchi
L9 orthogonal array.

Numerical
N
H
u
M
run number (number)
(mm)
(m/s)
−
1
2
2
2
Aluminum foil
2
2
3
2.5
Paper
3
2
4
3
ABS Film
4
6
2
2.5
ABS Film
5
6
3
3
Aluminum foil
6
6
4
2
Paper
7
18
2
3
Paper
8
18
3
2
ABS Film
9
18
4
2.5
Aluminum foil
The CTHE obtained according to the results of the numerical
solution were converted to the S/N ratios in “the larger the better”
performance category. The sub-levels of the parameters to be
selected for the PHE design with the high performance were
determined according to the S/N ratio. A new numerical PHE model
was generated using these optimum sub-level of parameters not
found in the L9 OA given in Table 2. With the results obtained from
the solution of this model, the maximum CTHE that can be achieved
was determined, if the sub-level of parameters are used to maximize
the CTHE. The next step in the Taguchi analysis is to determine the
optimal levels of control factors for the optimum PHE design.
In this study, CTHE is chosen as the performance parameter to
be optimized and this parameter is aimed to be the high. The optimal
conditions of the performance parameter were obtained using the S/N
table of the control factors and the combination of sub-level of factors

Table 1: Selected 3-level control parameters and their sub-levels.

Level

Number of
sub-channels
N (number)

Channel
height
H (mm)

Average air flow
velocity
u ( m/s)

Plate
material
M
Aluminum
foil

1

2

2

2

2

6

3

2.5

Paper

3

18

4

3

ABS Film

In the PHE, the following four-staged examination was carried
out to achieve the targeted performance parameter with the Taguchi
method.
− Determine the optimum structural dimensions and operating
conditions for the design of the PHE, making the performance
parameter the highest.
− To estimate the effects of each of the influencing factors on the
CTHE, which is the performance parameter.
− To estimate the value of the performance parameter for the
optimum PHE design.
− To verify the Taguchi estimation for the optimum PHE design by
using CFD.
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height is 2 times more effective than the number of sub-channels.
Therefore, the average air velocity is 3.8 times more effective than
the channel height.
Fig. 3 shows the S/N ratios obtained for the optimal PHE design
from the ANOM results for maximum CTHE. For maximum CTHE,
Taguchi’s predictions for the best combination of sub-level of control
parameters in “the larger the better” category were determined as
sub-channel number-6, channel height-3 mm, average air flow
velocity-2 m/s and plate material-paper.
According to this PHE design combination, the temperature
distributions on the plate surface and the symmetry plane of fresh
side obtained from the CFD results are given in Fig. 4. Fig. 5 shows
the velocity and pressure distributions, in which the inlet-outlet
regions are also included, in the plane of the symmetry on the fresh
side.

which gave the high S/N ratio was determined. According to
Equation (10), the optimal value of the performance parameter can
be estimated using the additivity law [19].
n

OPT= Κ+ ∑ (Xi -Κ)

(10)

i=1

4. Results and Discussion
In this study, it is aimed to design a PHE with the high CTHE for
use in heat recovery ventilation systems. The PHE has been designed
with the CFD and Taguchi approach considering the fresh air flow
rate for a small residential building inhabited for three to four people.
With these approaches, the dimensions and operating conditions of
the PHE, which are the required optimal sub-level of effective
parameters, have been determined for the high CTHE.

4.1. Validation Test

Table 3: Response table for S/N ratios.

Level

N (number)

H (mm)

u (m/s)

M

1

39.68

38.62

42.79

39.47

2

39.79

40.28

39.33

39.55

3

39.06

39.63

36.41

39.50

Δ (max–min)

0.73

1.66

6.38

0.08

Rank

3

2

1

4

Table 4 shows the optimal design combinations for PHE with
high CTHE. And also, the optimum value of the performance
parameter was predicted by the Taguchi method. In order to confirm
the Taguchi performance prediction, the numerical solution was
repeated with the optimal PHE design parameters combination. In the
optimum PHE design, the difference between CTHE obtained from
Taguchi and CFD analyzes is only 0.25%.
Table 4: Optimum PHE design parameters for CTHE.

N: Number of sub-channels (number)
H: Channel height (mm)
u: Average air flow velocity (m/s)
M: Plate material
f: Flow effectiveness
t: Thermal effectiveness
Predicted optimum value for CTHE (Taguchi)
Confirmation run for CTHE (CFD)
Percentage deviation for CTHE (%)

Using the mean of S/N ratios, the significance levels of the
factors were determined according to ANOM. In the Taguchi
method, ANOM results for “the larger-the better” were given in
Table 3. The delta in Table 3 is the difference between the highest
and lowest values of the mean S/N ratios for a factor. Delta
determines which control factor affects the performance parameter
more, as well as explains the significance level of this effect. The
importance rank of factors for CTHE in Taguchi was determined as
1-average air flow velocity, 2-channel height, 3-number of subchannels and 4-plate material according to ANOM. As seen in Table
3, the maximum change in delta is for average air flow velocity. The
effect of plate material on PHE performance is not significant
compared to the other three parameters. However, the effect of
decreasing the average air flow velocity to the lowest value of 2 m/s
is 6 times more than the other two parameters (number of subchannels and channel height). In addition, changing the channel

Fig. 3 S/N ratios of effective parameters according to CTHE.
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Fig. 4 Temperature contours for optimum PHE design on the (a) plate surface and (b) symmetry plane of fresh-side.

Fresh
air
inlet

Fresh
air
inlet

(a)

(b)

Fig. 5 (a) Velocity contour and (b) pressure contour on the symmetry plane of fresh-side for optimum PHE design.

of the parameters on the targeted performance. The highest
contribution was 91.39% with average air flow velocity, while the
other parameters had an effect of 2.12% for the channel height, and
less than 1% for the number of sub-channels and plate material. For
this reason, it was obtained that the average air flow velocity and
channel height are the most predominant control parameters in terms
of CTHE. These results were also confirmed by ANOM analysis. The
mathematical equation to be used in the calculation of the CTHE was
derived in the 90% confidence interval, taking into account the design
variables for the designed PHE.

4.2. Analysis of Variance
ANOVA analysis is performed to evaluate the quantitative effect
of factors affecting PHE performance using the results of CFD
analysis. With this analysis, the importance of control factors
affecting the dependent variable selected as performance parameter
are easy to rank. Table 5 shows the results of ANOVA analysis for
the 90% confidence interval and the percentage contributions of the
factors affecting the PHE design on the performance parameter.
Thus, it is possible to decide which control factors are the most
important to the aimed performance parameter in PHE design and
which control factors should be changed.
Control parameters with a P-value less than 0.05 were considered
to have a statistically significant effect on the targeted performance
criteria. The last column in Table 5 gives the percentage contributions

εCTHE =C-0.268×N-5.46×H-71.6×u

(R2 =94.39%)

CAluminum foil = 261.6, CPaper = 267.0, CABS film = 264.2

(11)

Table5: Analysis of variance for the CTHE in the PHE design. Categorical predictor coding (-1; 0; +1).

Parameter
Number of sub-channels
Channel height
Average air flow velocity
Plate material
Error
Total
F0.1,1,3= 5.54

Degree of
freedom
1
1
1
2
3
8

Sum of
squares
29.98
178.57
7697.63
43.92
472.72
8422.82

Mean sum of
squares
29.98
178.57
7697.63
21.96
157.57
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F-Value

P-Value

0.19
1.13
48.85
0.14
-

0.003
0.079
0.000
0.140
0.896

Percent
contribution (%)
0.36
2.12
91.39
0.52
5.61
100
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Another important result according to ANOM and ANOVA is
that the number of sub-channels and the effects of the plate material
on the performance parameter are extremely low. If the designed
PHE has two sub-channels instead of six sub-channels, the difference
between S/N ratios is 0.73% compared to ANOM and the effect of
number of sub-channels is only 0.36% according to ANOVA. In
other words, a PHE with two sub-channels may be preferred in the
design. This choice will provide ease of production, as well as
material and energy savings.

Xi
- maximum S/N ratio of each parameter
- effectiveness
ε
- volume flow rate (m3/h)
∀̇
Subscripts
f
- flow
fa
- fresh air
fan
- fan
i
- inlet
max
- maximum
o
- outlet
rh
- recovered heat
sa
- stale air
t
- thermal

5. Conclusion
In this study, a cross-flow PHE with fixed plate sizes and total
height for a small dwelling is designed by using CFD and Taguchi
method for maximum CTHE. In Taguchi analysis, 4 control
parameters each with 3-levels were selected and numerical analysis
were derived for designed 9 different 3-dimesional CFD models. In
the heat exchanger designed for a dwelling with a flow rate of 50-200
m3/h and three to four inhabitants, the number of sub-channels,
channel height, average air flow velocity and plate material effects
are investigated for maximum CTHE. In the optimal PHE design
combination, the CTHE predicted by the Taguchi method was
compared with that obtained from the CFD model solution of the
optimal PHE design, thus the Taguchi estimate was confirmed. In
addition, a mathematical equation which is the function of the control
parameters was derived in the 90% confidence interval for
calculating the CTHE. The results obtained from this study are as
follows:
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− For the maximum CTHE, the combination of the optimal sub-levels
of the effective factors according to ANOM is the number of subchannels-6, channel height-3 mm, average air flow velocity-2 m/s
and plate material-paper.
− According to the results of ANOVA analysis, the percentage shares
of the selected design parameters for CTHE of PHE are 91.39% for
average air flow velocity, 2.12% for the channel height and less than
1% for the number of sub-channels and plate material, respectively.
− When the optimal levels of the factors are used for the maximum
combined thermal and hydrodynamic effectiveness, the flow
effectiveness of the designed PHE is 321 while the thermal
effectiveness is obtained as 48.6%.
− By using the optimal levels of factors for the maximum CTHE, the
difference between CTHE predicted by the Taguchi method (156.44)
and that obtained from the solution of the new optimum PHE
numerical model (156.07) under the constant boundary conditions is
quite small (0.25%).
− When the design parameters of PHE with the maximum CTHE
obtained by the Taguchi method and numerical solution were used,
sufficient air flow rate to meet the need for fresh air in the dwelling,
which is the main aim of the study, was achieved with 115 m3/h,
while 280 W (6.7 kW-h/day) of thermal power was recovered.
− In the case that the average fresh air flow rate per person is
approximately 20−25 m3/h, it is possible to meet the fresh air
requirement of 5 people with the PHE design obtained by aiming the
maximum CTHE for this small dwelling.

6. Nomenclature
E
ṁ
∆p
C
cP
CTHE
OPT
K
P
Q
S/N
T

- energy (kJ)
- mass flow rate (kg/s)
- pressure drop (Pa)
- constant
- specific heat (J/kg K)
- combined thermal and hydrodynamic effectiveness
- optimum S/N ratio
- arithmetic mean of S/N ratios
- flow energy (W)
- thermal power (W)
- ratio of Signal to Noise
- temperature (K)
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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
Assoc. Prof. Eng. V. Naidenov, PhD
Institute on Mechanics - Bulgarian Academy f Sciences
valna53@mail.bg
Abstract: Solvay Sodi JSC, Devnya, Bulgaria, is the biggest calcite soda production plant in Europe. It is built in 1974 and it works
in three-shift production regime up to present days. The exploitation environment is highly influenced by numerous factors, acting
corrosively on main reinforced concrete structures – active atmospheric processes (in continental type moderate climate), sea water born
chloride-aerosols, as well chemical attack caused by carbon dioxide and nitric acid, presented in the air in form of evaporation. The most
reinforced concrete structures need urgent remedial measures to restore the load-bearing capacity of its components.
The “light soda” silos are reinforced concrete facilities (cylindrical shells) which repair has to be executed during continuous
production process. The options for repair of these structures and restoration of their load bearing ability by specially designed innovative
high-tech hybrid reinforced sprayed concrete, containing capillary crystalline admixture, are discussed in the report.
The in-situ tests and wide-range comparative studies are carried out, covering basic physical and mechanical structural
characteristics of the proposed sprayed concrete for wet spraying and another one - based on proportioned dry ready mix.
The original scientific results concerning strength-deformation properties, phase composition and structure of hardened sprayed
concrete, directly related to the durability in aggressive environment, are obtained by X-ray diffraction (XRD), differential thermal analysis
(DTA), mercury porosimetry, low temperature gas adsorption (BET-method) and computer X-ray tomography.
The static and dynamic analysis of the structure is performed using the test results obtained and the fully specified engineering solution
has been presented to restore the load-bearing capacity of the structures with a guaranteed service life of at least 50 years.
Keywords: CORROSION, HYBRID REINFORCED SPRAYED CONCRETE, CAPILLARY CRYSTALLINE ADMIXTURE, X-RAY
DIFFRACTION (XRD), DIFFERENTIAL THERMAL ANALYSIS (DTA), MERCURY POROSIMETRY, LOW TEMPERATURE GAS
ADSORPTION (BET-METHOD) AND COMPUTER X-RAY TOMOGRAPHY

All mentioned above gave me enough reason to propose
different type of repairing approach based on wet technology
technical and technological basic advantages - high performance
productivity (3-5 m3/h), single layer thickness – up to 20 cm (all
repairing concrete section deep will be executed in single stage!!!),
rebound reduced (up to 15%), possible to used special designed
high-performance fiber-reinforced fine-grained sulfate-resistant
sprayed concrete, strict control of concrete mix design (fresh
concrete mixed at batching plant under control), possibilities to
incorporate in concrete mix different type of fibers (control the
shrinkage processes in different hydration stages and dramatically
increases resistance to brittle fracture, increase the residual strength
after the first crack strength of fatigue in long-term load and impact
strength, which ensures the integrity of the concrete even in partial
depletion of bearing capacity) and incorporated in concrete mix
special deep crystallization admixtures (self-healing, water-proof
concrete, 4G - impermeable concrete).
A special repair wet-shotcreting mix WS is designed for this
purpose. The mix consists of polymer-modified hybrid fiberreinforced concrete (maximal size of large aggregate Dmax= 8 mm)
and internal-crystallizing chemical admixture (Table 1).

1. Introduction
Currently, silos for light-weight soda silos "4" and "5" are used
for temporary storage and subsequent distribution of the product.
Serious corrosion damages are observed on the concrete wall,
visible corroded areas of the steel-reinforcement, too. (Photo 1).

Table 1: Wet-shotcreting mix design, type WS
Photo 1 Silo's concrete structures visualization

Ingredients

The design for repair should be based on the principle of
reasonable sufficiency, without providing for a change in the
geometry of the existing sections of the building structure and
partial or complete closure of the technological openings in the
structure.

Sulfate resistant portland cement CEM I 42,5 SR5
River sand, SILISTRA, "Polaris - 8", 0-4 mm
Crashed washed sand, ESKANA, "Sini vir ", 0-4 mm
Crashed stone, PATSTROY, Karnobat, 4-8 mm
Highly water reducing admixture
DYNAMON SX, MAPEI, Italy – 0,6% of cement mass
PP fibersFM150, 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

According SOLVAY SODI JSC preliminary experience such
structures were repaired by dry-shotcreting by "MC Bauchemie"
dry ready mix, type "Torkret W81" (MC). The method used should
be optimized to avoid some disadvantages - very expensive dry
mixture, technical requirements for very thin shotcrete single layer
(up to 2 cm), need for at least three layers to reach the design
repairing thickness of about 6-7 cm, possible dusting during work,
relative large rate of rebound, etc.[1,2,3].

66

Quantity,
kg/m3
550
745
300
505
3,30
0,900
0,900
10,00
6,0
~190
S1
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- Computer x-ray tomography.

2. Test sampling
Under SOLVAY SODI JSC requirements before design
procedure starting, an approved test program is performed. The
main purpose of the tests planned was to compare in parallel the
basic technical characteristics of MC and WS shotcretes,
established in real production conditions (Photo 2).

Photo 5 Volume density

Photo 6 Compressive strength

Photo 7 Speed velocity

Photo 8 Elastic modules

Photo 9 Water penetration

Photo 10 Splitting tensile strength

Photo 11 Frost resistance

Photo 12 Weight lost

Photo 2 WS mix wet site-shotcreting

5 days after shotcreting was performed standard preparation of
samples from the fragments (test panels) fabricated via
experimental deposition of both types of shotcrete in the casing
forms (boxes). This was done by extraction of a coordinated
number of cores with diameter of 100 mm and height equal to the
thickness of the deposited shotcrete layer – 150 and 200 mm,
respectively (Photos 3 and 4).

Photo 3 Cores boring

The structural tests visualization are given on Fig. 1-15 and
Photos 13-16.

Photo 4 Samples taken

All samples taken were stored before testing on 7- and 28 days
of age under respective EN standard requirements.

3. Test performed
Pursuant to the agreed test program the following standard tests
[4,5,6] were performed:
- Volume density and compressive strength;
- Speed of ultrasound propagation;
- Static modulus of deformation;
- Depth of water penetration under pressure;
- Splitting tensile strength;
- Frost resistance;
- Adhesion to old concrete.
The standard tests visualization are given on Photos 5-12.
Trying to emphasizes the differences between MC and WS
mixes a set of additional high-tech structural tests were performed
by using direct physical methods [7,8,9]:
- X-ray diffraction (XRD);
- Differential thermal analysis (DTA);
- Mercury porosimetry;
- Low temperature gas adsorption (BET-method);
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Fig. 1 X-ray МС – 7 days

Fig. 2 X-ray WS – 7 days

Fig. 3 X-ray МС – 28 days

Fig. 4 X-ray WS – 28 days
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Fig. 5 DTA MC - 7 days

Fig. 6 DTA WS - 7 days

Photo 13 X-ray computer tomography,
type Nikon XT H 225

Fig. 7 DTA MC - 28 days

Fig. 8 DTA WS - 28 days
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4. Test results

5. General conclusion

In Tables 2 and 3 all test results are presented and compared by
two different mixes (MC and WS).

The analysis of the experimentally found physico-mechanical
and structural characteristics of the analyzed mixes for shotcreting
yields the following CONCLUSION:

Table 2: SUMMARY RESULTS from the tests conducted of MS and WS PHYSICO-MECHANICAL CHARACTERISTICS
Composition
Index tested
МС
WS
Volume density (kg/m3), at:
- 7 days
- 28 days
Compressive strength (МРа), at:
- 7 days
- 28 days
Ultrasonic speed velocity (km/s), at:
- 7 days
- 28 days
Static modulus of elastic
deformation (МРа), at:
- 7 days
- 28 days
Water penetration depth (mm), at:
- 7 days
- 28 days
Splitting tensile strength (МРа, at:
- 7 days
- 28 days
Calculated mean bending strength
(МРа), at
Frost resistance class (cycles
passed), Сfr

2230
2230

2320
2300

34,00
44,20

51,90
60,10

4,202
4,333

4,450
4509

24,00
28,80

35,80
37,20

44
35

35
20

2,02
3,18

2,39
3,39

The physico-mechanical and structural characteristics of the
proposed of the repair mix WS for "wet" shotcreteing significantly
surpass those of mixes used for the repair of silos for heavy soda
MC.

The WS mix 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 silos “4” and “5” for light soda.
All mentioned above gave enough reason SOLVAY SODI JSC
to make a decision to assign respective structural design to be
performed in accordance to all BG-standards.

References

2,795

3,965

[1]

(4) Сfr150

(5) Сfr 200

[2]

Table 3: SUMMARY RESULTS from the tests conducted of MS and WS STRUCTURAL CHARACTERISTICS

[3]
Composition
Index tested
X-ray – portlandit (%), at:
- 7 days
- 28 days
DTA - C-S-H (%), at:
- 7 days
- 28 days
DTA - Total loss of chemically set
water (integral hydration
characteristic) (%), at:
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Low temperature gas adsorption
(ВЕТ-method) – pore structure
parameters at 7 days of age:
- specific pore surface SBET, m2/g
- total pore volume Vt, cm3/g
- mean pore diameter Dav, nm
Low temperature gas adsorption
(ВЕТ-method) - pore structure
parameters at 28 days of age:
- specific pore surface SBET, m2/g
- total pore volume Vt, cm3/g
- mean pore diameter Dav, nm
X-ray computer thomography (pore volume in interval 0,02-0,10
mm) at:
- 7 days
- 28 days

МС
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7
10

10
20
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18,879

[4]
[5]
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0,397480,00040=0,397
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MEMBRANE DISTILLATION USING SOLAR ENERGY – MEMBRANE
MODIFICATION
Prof. Kamiński W., M.Sc. Opara B. , PhD. Tylman M.
Lodz University of Technology, Faculty of Process and Environmental Engineering, 90-924 Lodz, Wolczanska 213, Poland 1
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Abstract: The desalination is an important technological process applied not only to obtain drinking water, but also for wastewater
treatment from e.g. dyes, textile and mining industry. In this process, membrane processes such as reverse osmosis, pervaporation,
electrodialysis and membrane distillation are quite commonly used. This work focuses on membrane distillation. The research was carried
out in order to produce membranes absorbing solar radiation, to use this energy in the distillation process. Membranes were produced using
the phase inversion method from polysulfone polymer at various proportions of ingredients to select the optimal blend composition. The
fabricated membranes were investigated to assess wettability, maximum pore size and execute preliminary tests of the membrane distillation
process.
Keywords: WATER DESALINATION, RENEWEBLE ENERGY, MEMBRANE DISTILLATION, POLYSULFONE MEMBRANE,
COOPER OXIDE

the sea water desalination have been conducted for over 30 years,
leading to very good process optimization and decreasing the
energy consumption to the level of 2 kWh/m3. This value is very
close to the theoretical energetically demand of 1_kWh/m3.
Regardless, well-established technology and fine optimization of
the process, RO has its drawbacks, e.g. susceptibility for
concentration polarization and fouling from inorganic, organic and
biological constituents, what influences permeate stream obtained in
the process.

1. Introduction
According to current global estimations, approximately 2.7
billion people around the world do not have access to drinking
water [1]. Prognosis of this situation is getting worse and worse,
due to the climate changes and deteriorating quality of the inland
waters, mainly due to the environmental pollution. It is estimated
that by 2025, even 2/3 of world population may not have access to
the drinking water [2]. At the moment, more than 14000
installations desalting sea water are actively working, giving total
efficiency of about few billions liters per day. More than half of
those type of systems are placed in the area of the Middle East and
the Persian Gulf. They working principle is based on conventional
electrical power and heating stations.

When the transport of cations and anions from solution occurs
through semi-permeable ion-exchange membranes this technique is
known as electrodialysis. The difference in electric potential is the
driving force of this process [10]. This method is not that popular as
MD, which in the recent years reached success in the water
desalination. In contrary to RO settings, where high pressure on the
side of the feed causes the process, the driving force of MD is
temperature difference. It is possible to run MD at normal pressure,
at the feed temperature below the boiling point. The very important
asset of MD is possibility to operate at wide range of salt
concentrations, because it has no effect on overall driving force of
the process. And also obtained this way water is of the high purity
and quality. Additionally, due to the thermal parameters of the
process it is feasible to use off-heat or renewable sources of energy
[10,11,12].

The use of the conventional fossil fuels for desalting sea water
has two main drawbacks: increases costs of purified water as well
as has negative influence on natural habitat [3]. Due to the fact that
amount of available fossil fuels is constantly decreasing and
geographical localization of the areas suffering from drinking water
shortage in zones with high solar radiation, the application of the
renewable sources of energy in the water desalting and purification
process is getting more and more cost-effective.
Desalination of the water, according to the basic definition, is a
process in which salty water is separated to fractions of fresh water
(do not containing salt) and brine concentrate (fraction of higher
salinity) [4]. Generally, desalination processes can be divided into
three categories: thermal, membrane, and alternative. The last type
includes freezing and ion exchange techniques. Thermal processes
can be categorized further, including: multi-stage flash distillation
(MSF) [5], multiple-effect distillation (MED) [6], vapourcompression evaporation (VC) [7], cogeneration [8], solar water
desalination (SD) [9]. Cogeneration using off-heat from already
existing installations is difficult, cause their localization not always
cohere with places endangered by lack of access to drinking water.

A direct absorption of the solar energy on the membrane is
other alternative and innovative method. First research studies of
this type conducted at Rice University in Huston reports on
efficiency of the process at the level of 5dm3 of water from 1m2 of
membrane within an hour, reaching desalination of 99.5%, when
using modified membranes. Even though these results are not
outstanding in comparison to other MD technologies gives the path
for novel approaches for modifications of the MD processes.
The applied membrane has been modified by thin film coating
of PVP containing carbon nanoparticles. This type of modification
caused blackening of the membrane and increased absorption of the
solar radiation [13].

Solar water desalination process needs large surface areas
dedicated to collectors, that inhibits running the process in large
scale. Energy consumption in the thermal processes is significantly
exceeding reasonable values of the cost-effective methods.
Therefore membrane-based techniques are getting more and more
popular. Membrane processes belongs to the technology for
splitting mixtures or solutions exploiting porous or non-porous
membranes.

2. Materials and methods
2.1. Chemicals
Polisulfone (PSU) Mn~22,000 (Sigma Aldrich), Ultrapure water
(Milli-Q®,Millipore N,N-dimethylacetamide (DMA, 99.5%,
Honeywell), Polyvinylpyrrolidone (PVP) K15 and K30 (Fluka),
Copper(II) oxide nanopowder (Sigma Aldrich) were used to
membrane preparation.

Water desalination processes are based mostly on following
phenomena: reverse osmosis (RO), electrodialysis (ED) and
membrane distillation (MD).

2.2. Solar Membrane distillation process

Reverse osmosis is a process running under pressure between
10 to 100 bar, exploiting a membrane which is able to filter lowmass compounds, or even ions. Investigations of the RO applied in

A schematic illustration of the experimental equipment is
presented in Fig. 1. It consisted of a 3L thermostated feed tank
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(stainless steel), linked to membrane module (with polycarbonate
window) containing membrane (area: 11 cm2). The pump placed in
feed tank allowed the feed (salinity water, temperature 50oC)
flowing through the membrane unit with flow velocity of 4mm/s.
The process was conducted in air gap membrane distillation
configuration (air gap is interposed between the membrane cold
surface and a condensation surface) in two series: without and with
membrane illuminated by an artificial light source Helios 100 W
Neodymium Bulb Daylight Lamp. Luminous flux density on the
contactor surface ~70000 lux. The condensation surface was made
of a copper plate and cooled by circulated water (temperature 8oC).
The distillate samples were collected into a measuring vessel with
simultaneous measurement of time.

2.4. Salt concentration
The salt concentration in the collected samples was measured
with a universal Elmetron CPC 501 device using a conductometric
method and a type CD-2 electrode. The samples of distillate after
the process was measured at 20°C using a previously prepared
calibration curve.

2.5. Wettability
The contact angle was determined for all prepared membranes
using
goniometer
Surftens-universal
(Optik
Elektronik
Geratechnik). A droplet by volume 2 µl of deionized water was
used as the probe. The measurement for each sample was conducted
at ten different locations, and average value was reported.

2.6. Distillation flux
The distillation flux was calculated by Eq. (1):
Jv 

V
At

(1)

where: V is the volume of the permeate obtained after time t, [m3],
A s the area of the membrane [m2] and t is time taken to collect
permeate volume V [h].

2.7. Salt rejection
For the purpose of evaluating the desalination performance, the
following fundamental formula was used, giving the rejection
coefficient (Eq. (2)):

Fig. 1 Schematic diagram of the laboratory solar membrane distillation
setup. 1 – Feed inlet, 2 – cooling water inlet, 3 – polycarbonate window, 4 –
membrane, 5 – cooling plate, 6 – distillate outlet, 7 – light source, 8 – feed
thermostated tank, 9 – membrane module

 cp
R  1 
 cF

2.3. Membrane preparation

2.8. Maximum pore size
The bubble point test was used to determine maximum pore
size. Maximum pore size was calculated using Eq. (3):

D

PVP 30
[g]

Copper oxide
[g]

1

1,15

5

0,0575

-

-

2

1,15

5

0,115

-

-

3

0,9

5

0,045

-

-

4

0,9

5

0,090

-

-

5

1,15

5

-

0,0575

-

6

1,15

5

-

0,115

-

7

0,9

5

-

0,045

-

8

0,9

5

-

0,090

-

9

1,15

5

0,0575

-

0,115

10

0,9

5

-

0,090

0,090

4 cos 
P

(3)

where: P [Pa] is the pressure, D [m] diameter of capillary or pore, θ
[deg] is the contact angle between the liquid and capillary wall and
γ [N/m] is the surface tension of the liquid.

2.9. Overall porosity
The overall membrane porosity was measured by the
gravimetric method [14,15]. After the phase inversion, solvent
(DMA) was exchanged in the membrane by the deionized water.
Samples for overall porosity determination were further immersed
in distilled water for another 72 h. Then they were wiped with
blotting paper and weighed to determine the wet mass (mw, g).
After being dried in vacuum dryer for 24 h at 40 °C, the dry mass of
the samples (md, g) was measured. The overall porosity (ε, %) was
calculated using Eq. (1).

Table 1: Composition of solutions for different membranes
PVP 15
[g]

(2)

where: R is rejection coefficient [%], cP is concentration of salt in
the distillate [mg/kg] cF is concentration of salt in the feed [mg/kg]
8mg/kg (corresponding to the salinity of Baltic Sea)

Flat, porous membranes were prepared by the phase inversion
method. The, polysulfon was dissolved in DMA to achieve
concentration in the range of 18-23%, and PVP was gradually
added as blowing agent. The mixture was stirred continuously at 30
°C for 12 h until a transparent solution was obtained. The copper
oxide was added to selected solutions to increase the absorption
coefficient of light. The detailed composition of the membranes is
given in the table 1. In order to carry out the phase inversion
process the solution was cast onto a clean glass substrate at room
temperature using a stainless steel knife. The knife rod was used to
define solution height during casting, the knife height was 240 μm.
The substrate was immersed into a ultrapure water bath
(temperature 25 °C) in order to carry out subsequent phase
inversion process. The resulting membrane was removed from
water bath, and immersed into deionized water for 48 h.
Membrane Polysulfone DMA
[g]
[g]


  100%


mw  md 


w

mw  md 
w



md

 100

(4)

p

where ρw is the density of water (0.997 g cm‒3 at 25 °C) and ρp is
the polymer density (1.24 g cm−3 at 25 °C).
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The fold increase in the light flux

Salt rejection with solar energy
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Distillation flux with solar energy
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Table 2: Properties of the PSU membrane and comparison of the distillate
flux of different membranes

5.
Khoshrou I., M.R.Jafari Nasr K.Bakhtari, New
opportunities in mass and energy consumption of the Multi-Stage
Flash Distillation type of brackish water desalination process, Solar
Energy,
Volume
153,
2017,
Pages
115-125,
https://doi.org/10.1016/j.solener.2017.05.021
6.
Catrini
P.,
A.Cipollina
F.Giacalone.
G.Micale
A.Piacentino A.Tamburini, Thermodynamic, Exergy, and
Thermoeconomic analysis of Multiple Effect Distillation Processes,
Renewable Energy Powered Desalination Handbook, Application
and Thermodynamics – chapter 12, 2018, Pages 445-489,
https://doi.org/10.1016/B978-0-12-815244-7.00012-X
7.
Hu B., D. Wu, R.Z.Wang, Water vapor compression and
its various applications, Renewable and Sustainable Energy
ReviewsVolume
98,
2018,
Pages
92-107,
https://doi.org/10.1016/j.rser.2018.08.050
8.
El-Nashar A., Cogeneration for power and desalination—
state of the art review, Desalination, Volume 134, 2001, Pages 7-28.
9.
Ali M.T., H.E.S. Fath, P.R. Armstrong, A comprehensive
techno-economical review of indirect solar desalination, Renewable
and Sustainable Energy Reviews, Volume 15 2011, Pages 41874199, doi:10.1016/j.rser.2011.05.012
10. Pilat B., Practice of water desalination by electrodialysis,
Desalination, Volume 139, Issues 1–3, 2001, Pages 385-392, DOI:
10.1016/S0011-9164(01)00338-1

Only five of the prepared membranes showed the ability to
remove salts at the level above 90%, however, for these membranes
the distillate flux did not exceed 11 dm3/(m2h) for process without
additional membrane illumination by an artificial light source. For
all membranes, an increase in the distillate flux caused by the light's
illuminating of the membrane was observed. The largest fold
increase in the distillate flux was observed for the membrane with
copper oxide and it is equal to 1,48. The addition of copper oxide
increased the coefficient of light absorption.

11. Pangarkar B.L., M.G. Sane, S.B. Parjane, M. Guddad,
Status of membrane distillation for water and wastewater treatment
– a review, Desalination Water Treat., Volume 52, 2014, Pages
5199-5218, DOI: 10.1080/19443994.2013.808422
12. Lokare O.R., S. Tavakkoli, G. Rodriguez, V. Khanna,
R.D. Vidic, Integrating membrane distillation with waste heat from
natural gas compressor stations for produced water treatment in
Pennsylvania, Desalination, Volumer 413, 2017, Pages 144-153,
DOI: 10.1016/j.desal.2017.03.022

4. Conclusions

13. Dongare P.D., A.Alabastri, S.Pedersen, K. R. Zodrow, et
al., Nanophotonics-enabled solar membrane distillation for off-grid
water purification, PNAS, Volume 114, 2017 Pages 6936-6941,
DOI10.1073/pnas.1701835114

The membrane distillation can solve problem with water
demands in regions affected by a shortage of drinking water.
Process of membrane desalination can only be carried out at
elevated feed temperature, but this require substantial energy from
conventional power plants. The research indicates that increasing of
the light absorption coefficient of the membrane affects the increase
of the distillate flux. The production of innovative membranes with
such properties gives the potential possibility of conducting the
membrane distillation process in geographical localization areas
suffering from drinking water shortage with high solar radiation
without the use of energy from conventional sources.

14. Liang W., Chenyang Y., Bin Z., et al., Hydrophobic
polyacrylonitrile membrane preparation and its use in membrane
contactor for CO2 absorption, Journal of Membrane Science,
Volume
569,
2019,
Pages
157-165,
DOI:
10.1016/j.memsci.2018.09.066
15. Rahbari-Sisakht M., A.F. Ismail, D. Rana, T. Matsuura
Effect of novel surface modifying macromolecules on morphology
and performance of Polysulfone hollow fiber membrane contactor
for CO2 absorption Sep. Purif. Technol., Volume 99 (2012), Pages
61-68

5. Literature
1.
Hoekstra A.Y., M.M.Mekonnen, A.K.Chapagain,
R.E.Mathews, B.D.Richter: Global monthly water scarcity: blue
water footprints versus blue water availability, PLoS One, Volume
7, Issues 2, 2012, https://doi.org/10.1371/journal.pone.0032688

72

INNOVATIONS Issue 2/2019
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Abstract: Concerns about greenhouse gas emissions and environment protection in general, lead to application of new, eco-friendly
solutions in almost all areas of human activities. Today, transportation is in the focus of many researchers since transport units generate
substantial emissions locally as well as globally. Turning to electricity powered transportation units seems to be a logical step if global
power production transitions to renewable energy sources (large hydro, wind, solar, biomass, etc). This paper demonstrates a technical
solution applicable to reefer containers railway transport, as an alternative to road transport with conventional trucks or railway transport
with diesel gen-sets. In fact, reefer containers are frequently used to transport sensitive goods. Therefore, containers must be almost
constantly supplied with electric power to maintain desired ambient parameters (temperature, humidity, number of air changes per hour,
etc.). An innovative technical solution which provides suitable power supply to reefer containers aboard wagons has been developed and
tested in real-life conditions. Electrical power is drawn from the locomotive’s single-phase, head-end-power line (usually 1500 Vac, 1500
Vdc or 3000 Vdc), available at the locomotive, or on wagons with electric installation. Throughout the paper, the developed static converter
system suitable for transforming single-phase 1500 Vac, into three-phase 400 Vac, 50 Hz is presented. Furthermore, a dedicated
communication system is developed which enables users to perform supervision of transported goods (temperature and relative humidity)
and track the reefer container onboard railway wagons.
Keywords: REEFER CONTAINER, STATIC CONVERTER, RAILWAY TRANSPORT, REMOTE SUPERVISION

1. Introduction

At present, railway transport of refrigerated containers with a
connection to a power source is not common within EU railway
system. On the other hand, a number of legal EU railway norms
does not allow usage of any autonomous units to supply several
containers with electricity at the same time. Despite the fact that
there are self-contained diesel generator units, manufactured with
dimensions of ISO-containers, for safety reasons, they are not
allowed for use on EU railways.
The use of non-autonomous generators, serviced and
maintained by service personnel, is not less difficult. Firstly, the
extremely high labour cost in the EU makes such an approach inapt.
Secondly, such transport requires specialized carriages both
equipped with diesel generators, and passenger spaces to carry the
servicing staff.
Another way of refrigerated containers railway transport in
Europe is transport using gensets. In fact, these stand-alone diesel
generators are a universal tool that is commonly used on vehicles as
well as on the railway. Generator’s capacity and fuel tank allow the
units to supply one container with electric energy for a few days.

Intermodal (multimodal) transport of refrigerated goods
demands continuous, stable power supply in order to preserve the
quality of products inside reefer containers, transported from origin
to destination. Modern refrigerated containers are such that they
allow maintaining goods’ temperature in the range of -25 to +25 C.
This in turn permits to transport virtually any goods requiring
special temperature conditions. Reefer containers, while on ship, get
power supply from ship’s low voltage electric distribution system.
When disembarked at port, reefer containers are powered from the
land power distribution system. Land power connection provides
reaching desired transport temperature, therefore permitting the
containers to travel a limited period of time without power
connection. At arrival terminal the container is reconnected to the
power supply and hopefully the temperature inside the container
hasn’t raised above permitted level. If longer transport time is
required, reefer containers must be powered. Naturally, for higher
ambient temperatures and/or prolonged exposition to direct sunlight
shortens allowed unpowered transport period, Fig. 1.

However, this solution is often compromised in the case of fuel
theft, genset theft, fuel leakage, fuel lack, gen-set failure, etc.
resulting in power loss and damage to transported goods.

Heat

If power supply is removed, independent on its cause, a serious
extraordinary situation arises. In fact, when electric power supply is
cut-off from the reefer container, the compressors of the cooling
system stop as well as the fans which provide temperature
uniformity of transported goods. Therefore, the temperature field
inside the container becomes very non-uniform, especially in the
case of cargo temperature rise. Container heating from above by
direct sunlight makes natural convection of the air through the gaps
between stocks of carton boxes placed on pallets difficult, Fig. 1. As
a result, the outer layers of carton boxes full of cargo (e.g. bananas),
marked red and orange, have a higher temperature than those placed
in the middle, and the calculated delay of heating the inner carton
boxes as compared with the outer boxes amounts from 4 h to 8 h,
[1].
Having in mind afore stated shortcomings of reefer containers
railway transport relying on diesel generators, a research and
development project has been conducted that resulted with a static
power converter for railway application that mitigates highlighted
problems.

Fig. 1. Up - schematic diagram of arrangement of carton boxes filled
with bananas in the reefer container; bottom – cargo’s (banana’s)
temperature rate of rise in the upper layer of carton boxes (marked red in
left figure) inside reefer container cut-off from electricity supply source, [1]
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prototype converter of same topology but with reduced power was
constructed and tested in laboratory environment, Fig 3.

2. Reefer container wagon power supply system
At the Faculty of Engineering in Rijeka, Croatia, in cooperation
with the company Transagent also from Rijeka, supported by the
European Union from the European regional development fund a
research and development project has been conducted that resulted
with a reefer container power supply for railway wagons. The
developed power supply fulfilled all basic requirements for reliable
reefer container railway transport in controlled conditions without
“fuel dependence”. Electric power for the reefer container power
supply is drawn from the train’s single-phase, head-end-power line
(usually 1500 Vac, 1500 Vdc or 3000 Vdc), available at the
locomotive, or on wagons with electric installation, connected to the
locomotive. The constructed power supply includes a step-down,
single-phase power transformer, an AC/DC rectifier, DC link, a
DC/AC inverter and an output filter. Due to considerable permitted
deviations from the nominal voltage, according to the relevant (e.g.
UIC 552, IEC 60850, etc.) railway standards, a carefully designed
control of the static converter system had to be developed.

Fig. 3. Small scale prototype model of the power converter

The desired characteristics that the full-scale power converter
for railway application should possess are listed in the following
table.

Electric energy distribution from the locomotive’s main power
transformer to the last wagon in the railway composition is
performed with a single power line i.e. a high-voltage railway cable
of appropriate cross-section. The cable runs through a non-magnetic
metallic conduit which protects the cable from mechanical stress.
The conduit of appropriate diameter is fixed to the metallic
construction of the wagon, [2]. The return conductor of the high
voltage head-end-power circuit are the rails, composed of the
wheelset contact assemblies with brushes (1 grounding circuit per
axis), and protective resistors (1 resistor per axis), Fig. 2. The
wagon’s earthing system is designed as to comply with the standard

Table 1: Desired parameters of the power converter for railway application
Power [kVA]
Input voltage range [V]
Frequency of input
voltage [Hz]
Output voltage [V]
Frequency of output
voltage [Hz]
Output voltage
waveform
Converter rated power
[kVA]
Temperature range
[°C]
Max. dimensions
[mm x mm x mm]
Standard compliance

>18.75
1000-2000, 1ph
50
400, 3ph
50
sinus
> 20
-30 to +40
2000x1500x600
UIC, IEC and RIC

The following two figures demonstrate the influence of the
smoothing output filter (C=100 F, L=200 H) upon the voltage
waveform.

DIN VDE 0123.
Fig. 2. Wagon’s grounding system, [2]

Electrical interconnections of wagon’s electric power system
are performed with appropriate standardized elements, in
compliance with the railway standard UIC 552, Figure 3.

Fig. 4. Voltage measured in front the smoothing filter of the power
converter

Fig. 3. Connection elements according UIC 552, [3]

The main component of the reefer wagon power system is the
power converter that provides stabilized, sinusoidal, 3-phase output
voltage 400 V, 50 Hz. As previously mentioned, the power
converter consists of a 1-phase, step-down transformer, AC/DC
rectifier, DC link capacitors, DC/AC inverter and a smoothing
output LC filter. The reefer container wagon power supply is based
on high power insulated-gate bipolar transistor (IGBT) switching
technology. Before constructing the full-scale power converter, a

Fig. 5. Voltage measured at smoothing filter terminals of the power
converter
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supply of the reefer containers is performed with low-voltage
railway cables of appropriate cross-section and number of
conductors. The cable is run through a metallic conduit of
appropriate diameter, which protects the cable from mechanical
stress and is made of non-magnetic material. The conduit is fixed to
the metal construction of the wagon. The industrial sockets are of
the 3p+PE, 32A, 400V type, IP67 protection degree and located in a
metal housing with lockable door.

Figure 6. demonstrates voltage waveform dynamics upon startup and shut-down of the power converter.

Fig. 6. Voltage transient at power converter terminals upon start-up
and shut-down

After extensive testing in laboratory conditions on the smallscale prototype model, a full-scale model (Fig. 7) was constructed
with constructive parameters as defined in Table 1.

Fig. 8. Reefer container wagon with power supply - layout

3. Reefer container remote supervision system
Tracking transport of goods in reefer containers along the
supply chain is the means by which product quality can be
guaranteed, [5]. Integration of emerging information technologies
can now provide real-time status updates. In fact, in order to ensure
real-time monitoring of reefer container’s power supply, a dedicated
communication system has been developed using industrial grade
communication equipment (GSM/GPRS modem). The application
running on the GSM/GPRS modem has been developed and coded
in LUA programming language.
Reefer container’s remote supervision system consist of several
key elements:


Fig. 7. Full-scale power converter during vibration testing

The nominal power of the converter was selected to be 30 kVA
in order to withstand the starting current of older generation reefer
containers, [4].



LV compartment



Power converter

GSM/GPRS modem running the developed
application for remote supervision for both the power
converter and the reefer container powered from the
converter,
Server application that collects data from the
GSM/GPRS modems,
Mobile application for remote supervision of reefer
containers installed on user’s mobile phone.

Remote communication with the power converters installed on
railway wagons and with reefer containers powered from these
converters is done by Orbcomm’s IDP 782 module for cellular fleet
management, Fig. 9.

Fig. 8. Wagon after installation of the reefer container power supply
system components

Furthermore, the converter had to be equipped with an
appropriate switch-disconnector for isolating the converter from the
input high voltage (1500 Vac) and grounding for safe operation on
the converter and to comply with stringent railway norms. Also, the
converter is equipped with a device for emergency start/stop in all
conditions. The power converter itself is in a metal housing of
appropriate size with adequate cooling openings providing IP67
protection degree. The metal housing is therefore attached to the
metal construction of the wagon, as visible in the following figure.

Fig. 9. IDP 782 – GSM/GPRS module for remote communication, [6]

The software application running on the IDP 782 module was
written in LUA programming language and provides serial
communication on Modbus protocol. Since there are two serial
ports on the IDP module, one is used for communication with the

Distribution of low voltage power (400 V, 50 Hz) from the
power converter to the industrial sockets designated for power
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power converter operating software while the other is selected for
communication with the reefer container’s control system.

departure terminal, thus ensuring desired transport temperature, and
afterwards permitting the containers to travel for a limited period of
time without power supply. In order to overcome the necessity for
limited travel time and/or short travel distances a technical solution
was developed that is based on power electronics technology. In
fact, a high-power converter for railway application was developed.
The power converter is powered from the train’s head-end-power
line (usually 1500 Vac, 1500 Vdc or 3000 Vdc), available at the
locomotive, or on wagons with electric installation. The developed
converter is resilient in terms of substantial input voltage
fluctuations permitted by the railway regulations, due to large
capacitance of converter’s DC link.

Extensive testing by the principle of “trial and error” has been
undertaken in order to establish communication with reefer
container’s logic i.e. microcontroller, Fig 10.

A dedicated communication system has been developed using
industrial grade communication equipment that permits the users to
remotely supervise reefer containers while on railway wagons. The
communication system consists of a GSM/GPRS modem running
an application that continuously communicates both with the power
converter logic and with reefer container logic circuits. The serial
communication is based on the Modbus industrial protocol. Apart
from the software application running on the GSM/GPRS modem, a
server application has been developed that collects data from the
modem. The data transmitted to the server application includes
reefer container’s parameters (container ID, temperatures, humidity,
alarms, …) power converter data (status, power, energy, alarms, …)
and actual GPS position. Also, a mobile application has been
developed that allows registered users to access server data
containing information regarding their reefer containers while on
railway wagons during transport.

Reefer container's
controller

Communication
socket

Future research and development will be focused on a multivoltage power converter that will provide full compatibility with all
railway standard voltage ratings. In fact, a multi-voltage power
converter is already undergoing testing procedures.

Fig. 10. Reefer container used for communication testing purposes

At the same time, a server application has been developed that
collects data from the IDP 782 module. The data transmitted to the
server application includes reefer container’s parameters (container
ID, temperatures, humidity, alarms, …) power converter data
(status, power, energy, alarms, …) and actual GPS position.

5. Acknowledgment and disclaimer
The project was partly financed by the European Union from
the European regional development fund.
The authors share full responsibility for the contents of the
manuscript.

Finally, a mobile application has been developed that permits
registered users to remotely supervise reefer containers powered
from developed converters during railway transport. The mobile
application shows the user actual GPS position of the reefer
container, ambient parameters inside the container and electric
parameters reflecting power converter’s operation, Fig 11.
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Fig. 11. Mobile application for reefer container remote supervision

4. Conclusion
Railway transport of refrigerated containers with a connection
to a reliable power source is not common within the EU railway
system. Today, it is common to power up containers at the
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Abstract: Research, optimization and practical implementation of optimization processes in power subsystems of power plants, heating
plants and industrial plants present a relatively complex task that is nowadays unimaginable without powerful specialized tools of computer
support. The paper presents a power systems emulator concept (a tool for the design and application processes involving power systems)
that is based on decentralized control systems (DCS) standardly used today. Basic principles of modular design of the emulator along with
an example of its implementation based on the Siemens SIMATIC-S7 DCS system are presented.
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optimal and most convenient to base the technical means of the
proposed emulator on a standardized DCS system.

1. Introduction
Hydropower has now become the best source of electricity on
earth and plays an important role in the safe, stable and efficient
operation of the electric power system. It is produced due to the
energy provided by moving or falling water. The most important
advantage of hydropower is that it is green energy, which mean that
no air or water pollutants are produced, also no greenhouse gases
like carbon dioxide are produced which makes this source of energy
environment-friendly. It prevents us from the danger of global
warming. Because of the many advantages, most of the countries
now have hydropower as the source of major electricity producer.
The size of hydro power plants (HPPs) and the structure complexity
of the hydraulic-mechanical-electrical system have been increasing.
The proportion of electricity generated by intermittent renewable
energy sources have also been growing. Therefore, the research on
control strategy and transient process of HPPs is of great
importance.
At present, the control of power generation and distribution in
power generation plants (power plants, heating plants and power
systems in large industrial plants) is largely based on concrete
design solutions and on improvements to existing algorithms based
on ongoing practical experience. Large multinational companies
have their own research teams, techniques and "know-how" that is,
however, mostly inaccessible to smaller companies due to the
financial costs involved. The aim of this paper is the conceptual
design of a "universal power simulator" that would correspond as
much as possible to a concrete real power system. It is a tool that
would allow, as closely as possible in accordance with the real
system, model-based investigation and design of specific
subsystems of power plants, heating plants and other production
processes. The gained knowledge could be further used directly in
the practical implementation of a particular control system,
especially in the control of such systems [1-4], in their visualization
[5-6] and also in the training of operating staff (operators of
turbines, boilers, small hydropower plants, etc.).

Fig. 1 Illustrative scheme of the controlled energy process

One part of the emulator will simulate the DSC subsystem itself
and the second part the power process with its subsystems. This
solution further enables emulator-designed control and visualization
blocks to be directly applied and deployed to control the particular
power facilities being investigated. This concept also enables
training of operators practically on a real HMI (Human Machine
Interface), which significantly improves the quality of their
acquired knowledge and experience. Another advantage of this
solution is the possibility of testing the concrete connection of the
particular measuring and action members of the proposed system
directly in the emulator, prior to their project design, which reduces
the number of required modifications to the project during
implementation and also greatly accelerates the execution time on
site.

The emulator based on the concept presented in the paper has
been built in the laboratories of fy Energo Control s.r.o. Kosice in
cooperation with the Department of Electrical Engineering and
Mechatronics of Faculty of Electrical Engineering and Informatics
Technical University of Kosice, Slovakia.

2. Power Systems Emulator Concept
The emulator concept is based on the requirements for its
application in the technological practice of companies and plants
that deal with the deployment of control systems in power and
heating processes [7-8]. The general situation that needs to be
emulated is illustrated in Fig. 1.

Due to the requirement for versatility of the proposed emulator,
its software needs to be built hierarchically and strictly modularly.
This involves three basic types of modules:
1. Control modules. The most widely used types of such modules
are today a standard part of every DCS system. These are
classic PID controllers, binary controllers of drives and valves
of various types, sequential controllers, etc. In case other, less
standard controllers are required (fuzzy controllers, neural

The power system has two main parts: the technological and the
control part. Because it is virtually impossible to emulate the DCS
system with another (simpler, cheaper, etc.) computer system, it is
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networks, reference model controllers, adaptive controllers,
etc.), a new library module needs to be developed in the DCS
system according to the standards of the system used.

The internal structure of the turbine module built under these
assumptions is shown in Fig 3. It is clear that each module must be
a program block that has defined inputs, outputs (red fields),
parameters (yellow fields) and internal structure (blue fields). The
internal structure of a block can be defined explicitly analytically
(see Fig. 3), or implicitly by means of dependencies between block
inputs and outputs (by fuzzy rules, neural network, etc., which is
suitable for nonlinear systems with indefinitely defined parameters
for a particular technology).

2. Interface modules. This type of module is currently also a
standard part of every DCS system and is designed to
interconnect the system with the relevant technology. Since
these modules will mainly serve for internal interfacing with the
technological modules in the proposed emulator, they need to
be modified, especially in terms of simple redirecting of their
input and output signals.
3. Technological modules. These modules are the core of the
emulator and need to be developed, verified and implemented
for every single subsystem of the energy system in the most
general form. A simplified example of a power system is a
small hydropower plant, the block diagram of which is in Fig. 2.
In this case, for example, the turbine module could be built on
the following assumptions [9-13]:


The turbine mechanical power output Pm on the shaft is directly
proportional to the flowrate Q through the turbine body and the
height H of the water column on the turbine.



The turbine flowrate change dQ/dt is proportional to the
difference between the actual height H and the size of H0 when
the turbine is unloaded.



Fig. 3 Internal structure of turbine module for emulator

3. Implementation of Power Systems Emulator
Based on Siemens DCS System

The height of the water column H on the turbine is directly
proportional to the opening speed of the servo-valve G at the
turbine inlet and it is inversely proportional to the actual
flowrate q(t). This dependency is non-linear, it is often
considered as a quadratic function.

Based on the concept described in the previous chapter,
emulator HW was designed and implemented on basis of the
Siemens SIMATIC-S7 system, as shown in Fig. 4.

Fig. 4 Block diagram of emulator based on Siemens DCS

The whole emulator is built on two processors, one of which
emulates the control itself and the other the power generation
technology. The emulator includes two operator workstations (they
can also serve as engineering workstations) for visualization and
one portable programming workstation. The processors are
interconnected via Profibus DP. During emulation and operator
training, all signals between the control and the technological part
of the technology being emulated (i.e. between Processor 1 and
Processor 2) will be transmitted via this bus. When connected to the
real equipment, the signals from the modules will be switched to the
real IO cards of the system.
The emulator software is built on program modules
corresponding to each subsystem of the power generation
technology.

Fig. 2 Block diagram of small hydropower plant
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The concrete implementation of the control modules as well as
their visualization is given by the DCS system used in the
implementation of the emulator. An example of a visualization for
the SIMATIC-S7 DCS system is shown in Fig. 5.

4. Conclusion
The paper presents the concept of a power system emulator
designed for research, simulation and verification of specific power
systems. The emulator can also serve as a training simulator for
training operators of these systems, as their training (especially in
the initial stages) on a real system is demanding and often carries
the risk of undesirable losses or damage to the technological
equipment.
The emulator based on the concept presented in the paper has
been built in the laboratories of EnergoControl s.r.o. Košice in
cooperation with the Department of Electrical Engineering and
Mechatronics of FEI TUKE.
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Abstract: A new two-coil crucible induction furnace with a lateral coil connected to the one-phase electric power supply and a bottom
coil connected to a capacitor bank with an appropriate value of the capacity is able to realize a desired balance between the induction
heating of the lateral face and of the bottom face of the furnace bath. The evaluation of the optimum value of the capacity, which
corresponds to the same mean value of the induced power density on the respective faces, represents an example of simulation-driven
optimal design. Finite element models are used to study many variants of the new furnace related the number of turns of the two coils and
related the diameter of the furnace bath for imposed bath volume.
Keywords: CRUCIBLE INDUCTION FURNACE, FINITE ELEMENT ANALYSIS, TWO-COIL INDUCTOR, OPTIMAL DESIGN

inductor ensures the same mean value of the induced power on the
lateral face and on the bottom face of the furnace bath.

1. Introduction
The induction furnace of crucible type continue to be one of the
most wide-spread device for melting, alloying, holding of the
metallic and of the non-metallic materials like glasses, salts and
oxides, which in the molten state are electro-conductive enough [1,
3, 8, 11].

All applications in this paper correspond to the frequency
supply 300 kHz, volume of the molten glass bath 110.8 dm3,
reference value of bath radius 275 mm and the gap 45 mm between
the furnace bath and the coils.

Taking into account the evolution in the last decades of the
hardware and software for numerical computations, the deeper
investigation of phenomena associated with induction furnaces
operation, the study of new configurations and the optimal design
are becoming more and more accessible to peoples involved in
research and industrial developments [2, 4 - 7].

2. Geometry and mesh of a one-turn LATERAL
coil and three-turns BOTTOM coil
The images in the figure 1 show the main components of the
new two-coil crucible induction furnace with cylindrical bath. The
inductor contains the one-turn LATERAL coil, with eight
conductors parallel connected, and the three-turn BOTTOM coil.

In the usual induction furnaces the molten bath / the furnace
charge is placed in a cylindrical volume surrounded by the inductor.
The inductor produces the AC magnetic field, whose penetration in
the furnace charge is associated with the generation of induced
currents in the electro-conductive material of the furnace bath. The
inductor of the furnace [9] usually consists in one or many circular
turns, series connected. Each turn of the inductor can consist in
many conductors connected in parallel through one input and one
output terminals.
The usual induction furnaces are one-phase electrically
supplied. The one-phase inductor with one turn or many turns series
connected is called also the furnace coil. In fact, the term furnace
inductor is associated with the phenomenon electromagnetic
induction and the term furnace coil defines a correspondent physical
component of the device.
If together with the induction heating effect of the
electromagnetic field, a controlled electromagnetic stirring and/or
the levitation of the molten bath is desired [2, 10], the inductor has
more than one coil and the furnace is multi-phases supplied. In both
cases, one-coil one-phase inductor and multi-coils multi-phases
inductor, the inductor is placed around the lateral face of the furnace
bath. In such a configuration the density of the induced currents on
the circular face of the bath’s bottom has the maximum value on the
circle between the lateral face and the bottom face and decrease in
an exponential manner to zero value zero in the bath axis. The mean
value of the power associated with the Joule effect of the induced
currents is much lower on the bottom face than on the lateral face of
the furnace bath. As consequence, the induction heating of the bath
bottom face is much less intense than the heating of the lateral face.
The novelty of the two-coil inductor configuration studied in
this paper consists in the simultaneous action of two coils, a lateral
coil, electrically supplied, and a bottom pancake coil, connected to a
capacitor bank. The optimum design of such a two-coil one-phase

Fig. 1. Geometry of the new two-coil crucible induction furnace.
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The result in the figure 4 corresponds to the value of the current
injected in the LATERAL coil for which the power induced in the
molten glass bath is 400 kW. In order to see the distribution of the
volume density of the induced power in the volume of the furnace
bath, a quart of this bath was set invisible.

The finite element analysis of the electromagnetic phenomena
associated with furnace operation uses Flux3D models [12] with
the meshing presented in the figure 2.

Fig. 2. Finite element meshing of regions with current density
in the electromagnetic field computation domain.

3. Volume density of induced power in the usual
one-coil inductor induction furnace
If the terminals of the BOTTOM coil are free, or if the coil is
connected on a high resistance resistor, for example a voltmeter,
Fig. 3 a), this coil is not involved in the induction heating of the
furnace bath when the LATERAL coil is connected to the power
supply source. The furnace operates as a usual one-coil one-phase
furnace. The distribution of the volume density of the induced
power in this case, Fig. 4, shows that the heating of the bath bottom
face, heating in direct connection with this density, is much lower
than the heating of the lateral face of the furnace bath. The ratio of
the mean values of the induced power volume density (dJp) related
to the lateral face and to the bottom face of the furnace bath,
LATERAL_dJp/BOTTOM_dJp = 5.337, is much higher than one.
Consequently, there is a week contribution to the induction heating
of the entire furnace bath of the bath volume in the bottom
neighboring.

Fig. 4. Volume density of induced power in the usual one-coil one-phase
induction furnace

4. Influence of the capacity connected to the
BOTTOM coil terminals in the two-coil furnace
The figure 5 presents the dependence of the ratio
LATERAL_dJp/BOTTOM_dJp on the value of the capacity of the
capacitor bank CAPA, Fig. 3 b), connected to the terminals of the
BOTTOM coil. This operational parameter of the new two-coil
furnace reflects the balance between the contributions of the
cylindrical face and of the circular bottom face of the furnace bath
to the induction heating determined by the diffusion of the AC
electromagnetic field through the respective faces.

Fig. 5. Dependence on CAPA capacity of the operational parameter
LATERAL_dJp/BOTTOM_dJp

The optimal value LATERAL_dJp/BOTTOM_dJp = 1 in the
figure 5, respectively the same mean value of the induced volume
power density on the lateral face and on the bottom face of the
furnace bath, corresponds to the values of the CAPA capacity
C1 = 232.49 nF and C2 = 294.67 nF.

Fig. 3. Circuit models of the studied furnace: a) BOTTOM coil connected on
a high resistance resistor; b) BOTTOM coil connected on a capacitor.
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The dependences on the capacity of CAPA of the power
induced in the furnace bath and of the voltage and current related to
this capacitor are presented in Figs. 6 and 7.

The maps of the volume density of induced power in the figure 9
for the two values C11 = 221 nF and C12 = 240 nF of the CAPA
capacity, under and over the optimal value C1, correspond, the first,
to the case in which LATERAL_dJp/BOTTOM_dJp = 1.3428,
when the heating of the lateral face of the furnace bath is more
intense than the heating of the bottom face, and, the second, to
LATERAL_dJp/BOTTOM_dJp = 0.7734, when the heating of the
lateral face of the bath is less intense than the heating of the bottom
face. In the first case the bottom of the furnace bath it is
underheated and in the second case this area is overheated.

Fig.6. Dependence on capacity of the power induced in the furnace bath.

Fig. 7. Dependence on the capacity of CAPA voltage and current

The volume density of induced power in figure 8 corresponds to
the optimal value C1 of the CAPA capacity and to a value of the
current in the LATERAL coil for which the power induced in the
furnace bath is 400 kW. It is obvious from both images the
contribution of the BOTTOM coil of the new two-coil furnace to
the induction heating of the furnace bath bottom.

Fig 9.. Density of the induced power for two values of CAPA capacity
C11 = 221 nF and C12 = 240 nF, under and over the optimum C1.

5. Two-coil furnace variants with different
number of turns
In the SIMULATION-DRIVEN OPTIMAL DESIGN context,
there are presented in Table 1 results for three optimal C1 variants
of the new two-coil furnace with different numbers of turns of the
LATERAL and BOTTOM coils. One from the three variants can be
selected based of the criteria (1) maximum of furnace electric
efficiency, (2) minimum of BOTTOM coil losses, or (3) minimum
of voltage of LATERAL coil and/or of BOTTOM coil. Taking into
account globally all three criteria, the variant 1 turn LATERAL coil
and 5 turns BOTTOM coil should be selected. The drawback in
comparison with other two, related the high value of the BOTTOM
coil voltage, should be compensated by the reduced value of the
current in this coil.
Table 1: Different number of turns of LATERAL and BOTTOM coils. The
optimal values of CAPA capacity are C1 = 233.9 nF; 233.9 nF; 83.13 nF
LATERAL coil /
BOTTOM
1turn /
2turns /
1turn /
coil
3turns
3turns
5 turns
Charge induced power [kW]
399.9
399.7
398.8
LATERAL coil losses [kW]
1.060
1.398
1.029
BOTTOM coil losses [kW]
37.05
34.41
23.71
Furnace electric efficiency [%]
91.30
91.36
94.16
LATERAL coil voltage [V]
1387.1
2853.7
1383.6
LATERAL coil current [A]
1367.5
683.8
1361.6
BOTTOM coil voltage [V]
2807.9
2822.5
3877.1
BOTTOM coil current [A]
1238.0
1215.1
607.53
0.989
1.001
1.000
LATERAL_dJp/BOTTOM_dJp

Fig.8. Volume density of the induced power for optimal value C1
of the CAPA capacity, NEord1 and NEord2 results.
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6. Different diameters, same volume of the
furnace bath of two-coil furnace
In the same SIMULATION-DRIVEN OPTIMAL DESIGN
context, the results in Table 2 correspond to different values of the
furnace bath diameter: 430 mm, 550 mm and 670 mm, Fig. 10. The
variant 1 turn LATERAL coil 5 turns BOTTOM coil is considered.
Maximum of the furnace electric efficiency and minimum values of
the BOTTOM coil losses and of the voltages of the two coils of the
furnace correspond to the first value of the bath diameter.

Fig. 10. Different diameters, the same volume.
Table 2: Different bath diameters, the same volume, 110.8 dm3. The optimal
values of CAPA capacity are C1 = 106.1 nF; 83.13 nF; 68.92 nF
Charge Diameter
430
550
670
[mm]
Charge induced power [kW]
399.1
398.8
399.7
LATERAL coil losses [kW]
1.687
1.029
0.7224
BOTTOM coil losses [kW]
21.60
23.71
25.91
Furnace electric efficiency [%]
94.49
94.16
93.74
LATERAL coil voltage [V]
1181.4
1383.6
1574.4
LATERAL coil current [A]
2365.8
1361.6
919.4
BOTTOM coil voltage [V]
3242.3
3877.1
4500.1
BOTTOM coil current [A]
648.7
607.53
584.6
1.003
1.000
0.9995
Lateral_dJp/Bottom_dJp

7. Volume density of induced power along a path
The curves in figure 11 show the variation of the volume
density of the induced power along a path consisting in a vertical
line of the lateral face of the furnace bath and the correspondent
radius of the bottom face. The first map in Fig. 11 corresponds to
the usual one-coil furnace, the second to the new two-coil furnace.
The results correspond to the 550 mm diameter of the furnace bath.

Fig. 11. Volume density of induced power along a path
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8. Conclusions
The new two-coil crucible induction furnace one-phase
supplied, with a capacitor bank connected to the bottom coil,
represents a better solution than the usual one-coil furnace in what
concern the distribution of the induction heating on the lateral and
bottom faces of the furnace bath. Through the value of the capacity
connected to the bottom coil, the intensities of the induction heating
on the lateral face and on the bottom face of the furnace bath can be
coordinated with furnace operation requirements.
In the context of optimal design of the new two-coil inductor,
solutions to reduce the Joule losses in the bottom coil, respectively
to increase the furnace electric efficiency, are under study.
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Abstract: Transportation from receiving terminals and condensed fuel gas production plants is accomplished by sea, railway and road transport
using the standard (ISO) tank-containers, dedicated tanks and cryogenic semi-trailers.
Recently, the 20 ft and 40 ft tank containers, optimally adapted for multimodal transport have become commonplace.
The use of cryogenic semi-trailers with vacuum-perlite, polyurethane, multi-layer and combined insulation with a capacity of up to 54,000
liters of condensed fuel gas allows for creating a flexible and elastic delivery system to the market.
KEY WORDS: LAND TRANSPORT, SEA TRANSPORT, GAZ CARIER, EXPLOSION SAFETY.
highly flammable and explosive cryogens required installing
expensive equipment, as well as the availability of fire-fighting
equipment.
One of the main factors that need to be resolved is the
determination of the optimal working pressure in the tank. In the light
of the accumulated operating experience, the pressure of about 4.9
kg/cm2 proved to be a most appropriate.
Liquefied gas is used for both covering the peaks in uneven gas
consumption, and as the buffer fuel and raw materials in the event of
temporary shutdown of gas pipeline.
In road transport of liquefied gas, great attention is paid to ensuring
their explosion safety and control systems during discharge, loading
and gas shipment. Two pressure gauges are installed on the tank, by
which the driver controls the pressure in the tank during transport. A
liquid level sensor, of the type of a differential pressure gauge, is
calibrated in inches of water gauge. On the pipelines block, there is a
table of conversion of readings of a differential pressure gauge into
gallons. A remote-control system for the filling and emptying of tanks
is provided.
When discharging liquid gas, part of it is skipped through the regasifier, after which it is returned into the tank. The operator
maintains a constant control over the pressure in the tank, brings it to a
specified value, and then turns on the taps and discharges the liquid
gas.
A number of companies widely introduce computer engineering
in supply maintenance practice. In particular, a program has been
developed for calculating the operating schedule for preventive
maintenance of vehicles for transportation of liquefied gas.
When designing the road-tankers, it is advisable to take into
account the experience acquired with designing tanks for transport of
other liquid gases - hydrogen, nitrogen, oxygen, and argon. The
reliable thermal insulation of vehicles for fuel gas from the
environment is due to the fact that the ambient temperature is 200 °C
higher than the temperature of the liquid to be carried. The thermal
insulation reduces evaporative losses. Besides, according to standards
for occupational safety, the uncontrolled evaporation of gas during
transport is unacceptable. Good insulation is the key to the
economically optimal conditions for transportation of cryogenic
liquids.
Insulation of the first transport tanks was carried out by filling
the insulating space with powder, such as diatomite or magnesium
carbonate. There is a way to insulate the container with powder under
vacuum. The effectiveness of insulation by virtue of the provision of
vacuum in the insulation cavity between the outer shell and the inner
wall of the tank has increased 10 times. The thermal conductivity of
this insulation is about 10-3 kcal/m·hr·°C. In addition, the vacuum
insulation has the following advantages: the thickness of thermal
insulation is reduced; at the set maximum diameter of the tank, the
capacity of the latter increases due to the increase in the diameter of
its internal tank, the wall thickness of the internal tank might be small
due to a slight rise in pressure during transportation in the tank vapor
space above the liquid to be carried

1. Introduction
Liquefied Natural Gas (LNG) represents the main alternative
to pipeline supplies of gas. In liquefied form, natural gas (methane)
can be stored and transported across long distances, contributing to
diversification of supply and enhancing energy security inEurope. The
gas market in the EU is characterised by gradually declining
domesticconsumption and more rapidly declining domestic
production. Import needs are likelyto increase in the short and
medium term, and remain broadly stable in the longerterm.
The International Energy Agency and the European Commission
expect this trend to continue in the coming years. Major new LNG
suppliers are emerging and the prospectof US shale gas being
exported as LNG could further reshape global gas markets. The
European Commission is developing an EU strategy for LNG and gas
storage, one of several measures under the Energy Union package to
improve energy security anddiversify sources of supply.
Infrastructural projects, often with EU funding, are helping several
Member States to access LNG supplies, while others have sufficient
importcapacity to meet expected future needs. A strategic emphasis on
LNG is consistent with the recommendations of the European Council
and the European Parliament.
Transportation from receiving terminals and condensed fuel
gas production plants is accomplished by sea, railway and road
transport using the standard (ISO) tank-containers, dedicated tanks
and cryogenic semi-trailers.
The first automobile transportations of liquefied natural gas in
the United States dates back to the mid-1960s. In this time period
there were not created the special designs of road tankers intended for
transportation of liquid gases. Transportations were mostly of an
experimental nature and were carried out in modernized vessels
engineered for transportation of liquid hydrogen and nitrogen.
A huge increase in the number of consumers and the volume of
deliveries of liquefied gas raised the question of creating specially
engineered road tankers for transportation of large quantities of liquid
gas. When developing the design of tanks, it was necessary to take
into account a number of conditions, for example, to fit within the
established dimensions for a trailer coupled with a towing vehicle. In
this regard, the maximum length of a truck with a trailer was required
to be less than 12.2 m, and the width - 2.44 m. The type of
transportation was also taken into account. In this case, the trace route
was taken into account, as well as whether the supplies are transit or
they are intended for a single consumer. In addition to that, the design
of a vehicle for transportation of liquefied gas must be approved by
the Ministry of Transport. The first road-tankers for transportation of
liquefied gas were limited both by the dimensions and weight [1].
Since the limitations on the dimensions and of road-tankers for
transportation of liquid gases were established, the tanks with the
increased working pressure (more than 2.8 kg/cm2) had been
considered to be the preferred option. The use of these tanks has
enabled to produce pouring the liquid gas without the use of the
special-purpose
discharge
pumps.
However,
automobile
transportations of liquefied gas remained low-efficient, since the
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2. Preconditions

and

means

requirements. The combination of these parameters ensures safe
transshipment and stacking of loaded equipment.
The tank container has unique advantages over the advanced
standard block:
 It guarantees 100% safety of transportation of highly
combustible and explosive cargo, including different types of
fuel;
 The original discharge system allows for unloading the
containers quickly and minimizing losses of the contents;
 The tank-container fits 60% more liquid or gaseous substances,
compared to the similar standard block, and therefore provides
savings in logistics more than twice and increases the
profitability of business-projects.
The 20-foot tank-containers fall under the category of fast-payback
equipment with high profitability.
Transport of tank-containers is carried out on the railway platforms,
on decks and under decks of ships, by motor transport.
 Maritime transport of containers is carried out on decks of
ships of an ordinary type and on decks and in the container
cells of specialized the container carriers.
 During transport of tank-containers by public roads, there
are used the container-carriers and semi-trailers equipped
with the container mounting devices.
Tank containers are divided into several types, which in turn
mean suitability for transportation of goods of a certain kind, in
accordance with the specification in various categories, ranging from
IMO0 (food products) to IMO7 (cryogenic gases).
The IMO7 category covers tanks for transportation of
liquefied or pressurized gas, which typically has the operating
pressure more than 7 bar. The variety of gas transported in such tanks
is numerous, and there is no “standard” specification for such tanks
for the operating pressure. The type of tank will depend on the
technical characteristics of transported product. In all cases, the exact
nature of product to be transported must be known in advance in order
to determine the required operating pressures. These tanks are used for
products such as butane, propane, liquefied petroleum gas.
Tank-containers, being a multimodal vehicle for international
transportations, comply with international and national requirements
for vehicles carrying dangerous goods, and tank-containers, should not
be offered for carriage, if [2]:
 In an ullage, the movement of liquid within the tank may
produce an unacceptable hydraulic force;
 Tank is unpressurized;
 Failures are such that the integrity of tank-container and its
lifting and mounting devices can be compromised;
 Service equipment has not been examined and it has not
been established whether it is in proper operating
conditions.
In the process of transportation, tank containers should be
adequately protected from lateral and longitudinal impacts and from
overturning. If the hull and service equipment have such design,
which is able to withstand impacts or overturning, but such protection
is not required.
The examples for the protection of hull at collision:
 side impact protection may consist, for example, of
longitudinal beams protecting the hull on both sides at the
centerline level;
 the protection of hull from overturning may consist, for
example, of reinforcing rings or beams, fixed across the
frame;
 back impact protection may consist of a collision bumper or
frame;
 the external nozzles must be so designed or protected so that
they can prevent the release of contents on impact or if tank
was overturned onto the nozzles.

for

resolving the problem
The outer shell of the tank is designed on the atmospheric
pressure. The dimensions of this shell, which is a cylindrical tank with
a big moment of resistance, allow for using it as a chassis of selfsupporting semi-trailer.
Experience shows that the price of the tank with the vacuum
powder insulation is only slightly higher, and sometimes is even lower
than the price of the tank insulated only with powder. For the life time
support of the vacuum powder insulation, it is necessary to exercise
the pilot-testing in the manufacture of the tank shell. The pilot-testing
includes the ultrasonic test of the cylinder and the bottoms, the X-ray
examination of the weld seams and leakage detection using helium by
means of a mass-spectrometer of both the inner and outer walls of the
tank, as well as the pipelines mounted between both tanks.
Switching of partial flow of cargo into the tank-containers is
considered to be a promising option for improving the rail transport
economy. This is a relatively new vehicle for transportation of
liquefied fuel gas. The tank-containers represent a modern and
effective way to transport liquefied fuel gases.
Advantages of transportation of fuel gases in tank-containers
are as follows:
- improvement of the rail transport economy;
- solving the problem of rolling stock deficit;
- shortening the time of transportation (time require for decanting of
cargo, car detention due to the limited power capacity of the decanting
stations);
- reducing dependence on the monopolized systems of storage and
transfer;- exclusion of losses of product in evaporation and
maintaining its chemical properties, owing to the exclusion of
repeated decanting of cargo (in places of transfer, along the joint of a
change of transport mode or the width of the railroad gauge);
- the geographical expansion of sales (door-to-door delivery to
consumers, even in the absence of traditional infrastructure for
transportation of fuel gases);
- additional opportunities to increase the number of fuel gas retail
outlets, since the tank-containers can be used as repository and
reservoirs.
Considering world practice and tendencies of market
development, experts regard as inevitable the development of tankcontainer transportations. This view is supported by the fact that in the
world transportation containerization is a driving force behind the
development of logistics services. It should also be borne in mind that
a growth factor in demand for this means of transportation through the
South Caucasus transport corridor may be the implementation of the
gas program of Azerbaijan, Kazakhstan and Turkmenistan.
Tank-containers meet precisely all the requirements imposed on
them from the part of suppliers and consumers of liquefied fuel gas.
First of all, the tank-containers are designed to operate at low
temperatures. The temperature range, at which products retain their
properties makes up from - 500C to + 500C. Another advantage of the
modern container is the use of shut-off equipment, which reduces the
cost of products, and makes them maintainable.
Maritime shipping
Tank-container is a tank for transportation of liquid bulk and
gaseous cargo. Modules of this type are optimal for multimodal
transportation, because when changing the type of transport, they do
not require technically challenging repacking of contents. They are in
demand in the field of transportation and sale of fuel and energy
resources.
Structurally, the tank-container is a cylindrical metal cargo
block in a rectangular frame. Its capacity is 25-35 m3. The discharge
mechanism of the tank-container can be made either as a simple
gravitational discharge or as a system for pumping the contents under
the pressure using the pumps. Their bodies are made of chemically
resistant stainless steel. The hardness of the frames meets the ISO
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Untreated and non-degassed empty tank-containers must meet
the same requirements as tank-containers filled with relevant
transported substances.
Displacement of container-tanks during an overload should be
made smoothly, without jolts. The collision of tank-containers with
vehicles, containers or other items shall be prohibited.
The carriage of tank-containers by motor transport is increasingly
demanded in the intermodal traffic, when different types of transport
interact with each other, when changing the rail gauges, or when
delivering to hard-to-reach areas, where there is no railway line and
where this container can be delivered by car.
Transportation in tank-containers is economically
beneficial for exporters and importers, since cargo is not overflowed
either when changing gauge or in ports when transshipping onto a
vessel, which rules out losses of cargo that inevitably occur from
spillover, and besides, transportation of containers by rail is
considerably cheaper than transportation by car.
The dimensions and coupling sizes of ISO-standard tankcontainer fully coincide with the sizes of a dry cargo container. Due to
the aging of the rail car-tank fleet for transportation of dangerous
goods and the minimum production of new rolling stock, the
percentage of dangerous goods transported in tank-containers will
increase in the future.
Given the lack of the necessity of intermediate cargo
transshipment in multimodal transportation, tank containers are the
most economical and practical.
Advantages of tank-containers:
1. Tank-container – the means for safe transportation of
liquified gases. Safety of international transport is provided
by a well-developed world system of certification of tankcontainers, inspection, repairing, testing, and insurance of
containers and cargo;
2. The absence of additional overflow operations in the case of
combined carriage by several types of transport from the
manufacturer of cargo to the consumer, which makes it
possible to exclude operations transshipment of product
when changing the type of transport or crossing borders, in
order to maintain the product’s factory quality;
3. The possibility of international transportation under the
customs seals, applied during cargo shipping anywhere on
Earth crossing any number of state borders;
4. The possibility of warehousing and temporary storage of
goods in tank-containers without immediate unloading;
5. The solid structure of tank-containers that allows for
stacking in several tiers;
6. No need for special tracks leading to the places of discharge
and filling of product;
7. The possibility of direct inclusion in the technological
cycles of chemical, oil- and gas-processing enterprises and
so on.
Maritime transport of containers is carried out on decks of
ships of an ordinary type and on decks and in the container cells of
specialized the container carriers. The rules for the carriage of tankcontainers by sea, as well as the requirements for tank-containers are
regulated by the International Maritime Dangerous Goods Code in
maritime transportation, there are mostly used the ISO series
containers having a width of 2438 mm. Containers with a height of
2438 mm have designations 1C, 1B, 1A, 1D; containers with a height
of 2591 mm - 1CC, 1BB, 1AA; containers with a height of 2896 mm 1BBB, 1AAA; and containers with a height less than 2438 mm have
designations - 1CX, 1BX, 1AX и 1DX.
According to ISO standards, tank-containers are divided into a number
of classes, the most common of which is IMO class 1 - for
transportation of dangerous chemical goods.

Fastening the tank to the frame elements or supporting elements
of container must withstand the inertia forces of the tank itself and its
load, arising during the movement of vehicle.
To prevent an increase in the internal pressure, each tank or
compartment is equipped with the pressure control devices. If
necessary, tanks are insulated, and also, there may be installed the
means of cargo heating or cooling. This includes the measures to
ensure safety of tank and its contents in the event of an excessive rise
in temperature and stresses.
3. Conclusion Today, in international practice, the use of
tank-containers having a number of design features (for example,
small capacity for transportation of viscous chemical goods, with a
special inner lining for transportation of acids and hydrogen peroxide),
refrigerated, heated for high-melting bituminous products, as well as
for bulk and powder cargo.
The general requirements for the design and operation of tankcontainers for maritime transportation are as follows [3]:
 The bodies of tank-containers should be made of metal
suitable for profiling. For the welded bodies, it is allowed to
use only material whose weldability has been fully proven.
Seams must be performed in a workmanlike manner; they
are required to ensure complete safety. Materials for the
tank must be suitable for environmental conditions during
transportation, including the marine environment.
 Use of aluminum as a construction material should be
restricted for tank-containers intended for land transport, but
its use is allowed for maritime transport if there is a special
permit on Part II of the UN Recommendations for certain
goods.
 The coating of each tank, nozzles and pipelines must be
continuous and must cover the surface of any flange. The
coating material should not be significantly affected by
contents, be homogeneous, non-porous, and be no less
plastic than material of the pipelines of tank, and should
have the same coefficients of thermal expansion.
 Tank materials, including any devices, gaskets and
equipment, must not be exposed to the harmful effects of
contents.
 Tank-containers should be designed and manufactured with
a frame that provides reliable support during transportation,
as well as with the appropriate lifting and fastening device.
 Tank-containers for dangerous goods of classes from 3 to 9
must be designed and manufactured so as to withstand a test
pressure exceeding at least 1.5 times the maximum
allowable working pressure. However, the test pressure
should never be less than 150 kPa (1.5 bar).
Tank-containers without a vacuum safety valve must be designed
in such a way as to withstand, without permanent deformation,
the external pressure exceeding at least 40 kPa (0.4 bar) the
internal pressure. Tanks equipped with a vacuum safety valve
must be designed to withstand, without permanent deformation,
an external pressure greater than the internal pressure by 21 kPa
(0.21 bar) or more; the valve must be adjusted to operate at a
gauge pressure of -21 kPa (-0.21 bar). 4. References
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