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Industry 4.0 and Innovation
Adrián Nagy1, Szabolcs Tóth1, István Bognár1, Forest David1
1
Faculty of Economics, University of Debrecen, Hungary.
E-mail: nagy.adrian@econ.unideb.hu

Abstract: Explosive changes in technology are having a significant impact on all industries. Robotics, artificial intelligence, cyber physics
systems, cloud computing, IoT and blockchain technology, 5G, nanotechnology, 3D printing are all defining elements of Industry 4.0. The
integrated use of these methods enables the perception and display of the external environment, which significantly enables improvements in
each industry. In the future, we expect a fusion of physical, digital, and biological technologies, which will provide new opportunities for
innovative solutions. The authors of the present study present a future study to predict innovative solutions to key global challenges.
KEYWORDS: INDUSTRY 4.0, INNOVATION, DEVELOPMENT, STRATEGY
(Schwab, 2016). Digitalization and innovation go hand in hand.
Over the past decades wealth of research (Bassanini et al, 2000,
Kovács et al., 2022) shows that the competitiveness of the European
economy depends on a knowledge-based economy and support for
research and development (R&D). While the first point is closely
linked to the development of human capital and quality
improvement, R&D activities imply the integration and
development of information and communication technologies
(ICT), (Banhidi et al, 2020, 2021). One of the flagship initiatives of
the EU 2020 strategy is the Digital Agenda for Europe. In order to
achieve its objectives quickly and on time, the proposed governance
framework is based on the enhanced Digital Economy and Society
Index (DESI), which has been tracking the digital progress of
Member States since 2014. In September 2021, the European
Commission proposed the Roadmap to the Digital Decade, a
blueprint for the digital transformation of the European economy
and society (EC, 2022).

1. Introduction
Today business leaders and the public alike are concerned with
disruptive technologies also commonly referred to as the Circular
Economy and Industry 4.0 (Suarex-Eiroa et al, 2019). These two
paradigms have created an abundance of research opportunities for
academics and consultants and caused many gray hairs to grow on
business leaders worldwide. There is often great confusion on just
how impactful Industry 4.0 will become and with the almost
hysteria threat of being quickly unable to compete, often managers
and strategist make ill informed choices with respect to their firm
direction. So what exactly is Industry 4.0? Rubmann et al (2015)
described what the key pillars as defined by the Boston Consulting
Group (BCG) as: big data and analytics, autonomous robots and
vehicles, additive manufacturing, simulation, augmented and virtual
reality, horizontal/vertical system integration, the Internet of
Things, cloud, fog, and edge technologies, and blockchain and
cyber-security. As the astute reader will notice, many of the key
pillars identified by BCG are nothing new. Vertical integration has
been practiced for decades, the Internet was quite mature even in
the late 1990s, using data and analytics to make decisions has been
a part of firms for decades and firms have taken great care with
cyber security since the 1990s. When of strategic importance, firms
likely need to make significant changes quickly. However, when
Industry 4.0 is more of a tactical consideration, firms are advised
not to confuse their strategic strategy for a few new tactical
considerations related to Industry 4.0. This level of thinking should
keep firms well positioned and competitive in their market despite
Industry 4.0 challenges. The purpose of this article is to provide
some guidelines and suggest four propositions on what constitutes a
firm’s ability to provide solutions to the global economy with
respect to Industry 4.0 tactics. We achieve this aim by combining
Industry 4.0 thinking with strategic management theory and purpose
both are needed for a firm to be better adapt at solving global
problems through Industry 4.0 thinking and practices.

Industry 4.0 connects a myriad of equipment through wired and
wireless networks with the Internet serving as the glue that connects
and holds everything together (Wan et al. 2016). For example, a
traditional assembly line would entail a machine and manual
workers ensuring produces moved efficiently through the process
and likely someone checking for defects to ensure quality control.
With Industry 4.0 various workstations of the assembly line can
now work with each other in real time, slowing down or speeding
up various processes along the line (Ng et al. 2017). This example
would match closely with the autonomous robots described by the
BCG. Banks have employed techniques such as discriminate
analysis for decades to determine which interest rate to offer a
potential customer or if to offer them at all. One large insurance
company in the US was advertising in the early 2000s that they will
give you the best rate and let you know of a better rate even if it is
not with them. For the unknowing customer, this seems too good to
be true but, the insurance firm even 20 years ago was employing the
use of Industry 4.0 big data knowing a customer is likely not
profitable at a lower rate based on their risk profile, they pass this
customer on to a rival and receive the good marketing public
relations of “taking care of the customer.” They were simply
sending a rival a losing proposition according to their own data and
research. As society moves forward clear data acquisition measures
and tools will increasingly be needed (Cohen et al. 2019) to
compete effectively. Hermann, Pentek and Otto (2016) even
describe Industry 4.0 as tools to increase operational effectiveness
of new business models or services.
The most vulnerable impact of industry 4.0 is in developing
countries like Indonesia. Indonesia is a country with abundant
natural gifts, requires quality human resources to process and
manage them to provide optimal benefits for the national economy
(Tumiwa & Nagy, 2021).
This situation can motivate entrepreneurs to be more creative,
especially by developing their potential internal resources into
valuable internal strengths. In addition to being creative,
entrepreneurs must also be able to take advantage of opportunities
and even turn threats into opportunities (J. Tumiwa & Paruntu,
2017; J. R. Tumiwa et al., 2020; J. R. Tumiwa & Nagy, 2021). In

2. Literature Review
Industrial revolutions increase significantly advance human life.
(Tuegeh et al., 2021) There have been four major industrial
revolutions throughout the history of human life. The industrial
revolution 1.0 began with the invention of the steam engine in the
late 18th century. Industry 2.0 was marked by the invention of
electricity and mass production in the late 19th century which
became the main power of production machines, enabling increased
effectiveness and efficiency. Industry 3.0 is marked by the
invention of computers and industrial automation in the late 20th
century, ma- chines replaced by electronic devices that are
programmed automatically. The industry is entering the era of
digitalization. The discovery of the internet in generation 3.0
opened the gates to the generation of industry 4.0, with the use of
the Internet of Things (IoT) and Cyber-Physical System (CPS)
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Proposition 4: The majority of the waste in an organization is not
from having inadequate Industry 4.0 systems, rather from having an
ineffective strategy.

the future there is little doubt that firms who are not savvy with
respect to Industry 4.0 will likely struggle mightily against firm’s
who are more adapt. But is there another element in play that must
be considered for meeting and solving global challenges?

5. Discussion
3. Strategy vs Tactics
With its origins dating back thousands of years in military history,
both strategy and tactics are frequently discussed in the literature.
But is the difference between the two? And why is having a clear
distinction more important than ever? This paper provides a
synopsis of the differences in strategy and tactics and proposes that
strategy is more important than ever for firms that hope to have an
impact on providing solutions to global problems. But what is the
role of Industry 4.0 in providing solutions to global problems?
There is great debate in the literature on which technologies should
be categorized as I4.0 technologies. The list can include 100s of
various technologies, always changing almost by the day it seems as
new technologies emerge. In the introduction of this paper, we
identified nine such pillars that the BCG considers as I4.0. For the
purposes of this paper, we limited our discussion to the nine pillars
previously discussed but readers should take liberty to make their
one judgements on an entire litany of possible I4.0 factors.
Depending on the industry or even the business itself different I4.0
factors will be of greater or lesser significance in providing
solutions to global problems.
The public, academics, and businesses are capitulated by the rapidly
changing globally economy and at times can become overwhelmed
by what direction the firm should take. We propose through our
series of three propositions that firm’s even in this climate of great
change and innovation to not forget having a clear strategy is
paramount but the most successful firms will have a strategy
supported by world class Industry 4.0 thinking and tactics.

Examining the strategy tactics relationship is key for researchers,
consultants and managers alike in positioning their firms. Bittner et
al (2020) in their article said the market environment has changed
significantly in recent years, developing strategic plan and
recognize the opportunities and threats have outstandingly
importance. More than ever with a rapidly changing external
environment there is need for a clear distinction between the two.
Industry 4.0 thoughts and perspectives sometimes lead managers or
researchers astray and unfortunately cause strategy to be pushed
aside among the premise the world changes too fast for strategy.
Thoughts such as “I can’t predict tomorrow much less 5 years into
the future” can dominate business thinking. However, the more
dynamic the industry is, the more dynamic Industry 4.0 issues are,
the more the need for a clear strategic strategy not the less need.
Let’s first start by defining strategy as major activities that are
unique to the firm, that would not make sense when applied to a
firm outside that respective industry. For example, McDonald’s
strategic strategy could be selling inexpensive fast food, at an
attractive price, with consistency around the world. This same
strategy would not possibly apply to Boeing and another burger
restaurant that attempted to compete on the same dimensions as
McDonald’s would likely struggle at best or meet a bloody fate at
worst. However, McDonald’s tactics of how they manage their
inventory system with respect to data analytics could also possibly
be applied to Boeing with respect to their inventory system. With
this information, we will define tactics as middle range activities
that help to support and facilitate the strategy. Firms that confuse
strategy and tactics or focus mainly on tactics are likely to
underperform. As one can see here, having a clear strategic strategy
is really not impacted by a dynamic environment, Boeing and
McDonald’s are likely to be around for another 100 years. Strategy
is more static in nature and tactics are more dynamic. For virtually
all firms Industry 4.0 considerations are tactical in nature. So what
is key for firm’s with established strategies? We propose having
excellent Industry 4.0 capabilities, but we would be remised by not
mentioning that strategy must come first.

6. Conclusion
This paper addressed concept of Industry 4.0 and provided evidence
the concept is not as new as many people believe. We only mention
the newness of Industry 4.0 not to downplay its significance in
providing business solutions but rather to remove some of the fussy
thing and fear that firm’s no long need a strategy. In addition, this
paper provided four proposed propositions designed for future
research that will determine strategy’s impact on providing global
solutions vs simply being well acquainted with Industry 4.0
technologies and tactics. One of the main contributions to this paper
is the author’s opinions that strategy must come first even in a
dynamic world. The authors are not underestimating the role of
Industry 4.0, (we actually find Industry 4.0 concepts vital to
success) but ask the reader to take a step back and not forget
strategy’s likely importance as there is little use in getting
somewhere as efficiently as possible or through using the latest
technology and techniques if you wind up in the wrong location.

4. Propositions
Based on the literature review of what factors constitute Industry
4.0 and the differences in strategy and tactics. We have developed a
series of propositions that will aid in predicting solutions to global
challenges. We feel our propositions are in need of testing
empirically in later studies to better determine the balance and
relationship between strategy and what we propose as the tactical
nature of Industry 4.0 supplementing and executing the strategy to a
world class level.
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Programmed aging - a condition for rapid application of new technologies.
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Abstract: Programmed obsolescence of industrial products is not a regularity caused by innovative development, but an alternative to
innovative obsolescence. Programmed aging is a purposeful and controlled human activity in order to solve some industrial, economic and
social problems of the development of society. Including meeting specific individual technical and organizational needs. From this point of
view and from this point of view, programmed aging is increasingly playing the role of an alternative to the rapid innovative aging of
products and processes. Moreover, at the current stage of technical development, innovative aging is already more important than physical
aging. Therefore, a particularly important point in this direction is the correct determination of the degree of innovative aging, and hence the
choice of the alternative - programmed aging. Proper assessment of the impact of programmed aging on the scale and timing of innovative
aging is crucial for timely elimination of the negative consequences of their impact
has also been unquestionably proven. However, research shows that
the potential effects of this relationship, both on rapid innovation
obsolescence and on the technical and economic indicators that
shape this development, have not yet been elucidated. Therefore, it
is necessary to study the relationship between the various stages of
innovative development and innovative aging, to look for forms of
impact leading to harm reduction consequences. Taking into
account the factors that characterize the quality side of
technological development allows to reveal not only the mechanism
of its impact on production efficiency indicators, but also its impact
on different aspects of the production process.

1. The essence of the concept of "innovative aging".
Innovative aging is a regularity caused by innovative development
in all directions of world scientific progress. In essence, this means
the degree of backwardness or obsolescence of old technologies and
equipment with the emergence of new ones with higher productivity
and efficiency. It has been scientifically researched and established
that at the current stage of technical development innovative aging
is already of paramount importance in the design and production of
new products and services. The aim is to establish and measure the
impact of innovations on the technical, economic and social results
of industrial activity. Assessing their impact on the timing of
innovative aging is important for controlling and managing this
process. At present, qualitative change is taking place in industrial
development on the basis of innovations and high technologies. The
development of technologies has the strongest influence on such
basic activities as: energies, communications, nanotechnologies, etc.
Three factors have been identified that form the effect of new
technologies in the current stage of industrial development and form
the concept of modern production development as a complex
functionality (FF). These are; technological (TT), social (SS) and
environmental (EE) factors (1,2,3,7,10) .Technological dictates the
trend of constant reduction of manual, hard and unattractive labor at
the expense of higher productivity, activity are all basic and
auxiliary technological, production and information processes and
activities. The social demands the creation of new or preservation of
old jobs. The ecological one defines the permanent tendency of
observance of the ecological norms and the parameters of the
sustainable development of the ecological environment. This system
dependence can be represented as follows;
FF = f ( TT, SS , EE ).
Or all this shows that the prerequisites are already in place and
conditions and opportunities have been created for a complex
solution of the problems of industrial enterprises and the formation
of a new industrial policy based on communications, informatics,
Internet, Intranet and others. Moreover, the technological
innovation process is the most important part of the overall strategy
of the enterprise. It is one of the means to achieve the goals of the
industrial company, and the goals of each company are related to
the sale of products that it produces and trades, making maximum
profit. In this sense, the innovative technological process is the main
way to achieve the long-term goals of the company and mandatory
for every company. The development and implementation of
innovative projects allows each company to strive to be a leader and
main competitor in the market. Otherwise, when not enough
attention is paid and innovation is neglected, the company is
doomed to market failure and takeover by the competition.
The innovative technological process can be defined and considered
as a process of creating and disseminating innovations. It is a set of
consistent and logically related activities and tasks that must be
performed from the moment of origin of the idea to the marketing
of the product.
In modern conditions, the interest in innovations is growing. New
technologies are considered as the main means of providing a
competitive advantage to the company.
The connection between innovative development and the
emerging innovative obsolescence in engineering and technology

2. The "programmed aging" alternative
Programmed (regulated) or regulated aging is an American
initiative from the early 20th century. The phrase "planned
obsolescence" became really popular after 1954, when American
industrial designer Brooks Stevens gave in his speech the following
definition of the term "Making the consumer want to own
something a little new. a little better, a little sooner than necessary. "
Since then, large companies have begun to invest in R&D projects
to produce the "next best product," including through self-designed
design changes. According to a German study, after the 2010
importation into the Bundestag, the damage from such practices
amounted to 100 million euros a year. (4.7.)
Many producers and consumers today are opposed to the
global approach to programmed (planned) aging, but it is also
certain that almost all of them work in a place that depends on
programmed (planned) aging. Research shows that offices,
productions, services, services function to a large extent thanks to
the observance of the principles of programmed aging (5,6,)
Thus, nowadays all electrical and electronic appliances that do not
age innovatively (printers, etc.) have an integrated chip that
damages the appliance after a certain period. Apple's iPod comes
with a battery that is programmed to break down after 18 months.
The same thing happens with Apple Laptop batteries. The iSupply
Research Institute has purchased and broken down Apple's latest
model, the iPhone-5, to calculate the cost of making the
smartphone. The smallest model with 16 Gigabyte costs the
manufacturer 207 US-Dollar, its price in Europe is 679 euros. And
the largest with 64 Gigabyte memory costs Apple $ 230, in stores in
Europe its price is almost five times. Of course, the costs of lawyers
and lobbyists are not included in the production costs. In February
2010-2020, the Brazilian Institute of Policy and Computer Science
filed a lawsuit against Apple, alleging that the company was
practicing illegal business practices. The accusation is based on the
"planned obsolescence" of the iPad line. Some people have long
suspected that technology companies and manufacturers are
planning to reduce the production of old products, deliberately
limiting their functionality by making them deliberately slower,
thus forcing consumers to periodically replace their devices (6,7)
The new refrigerators use built-in tubes that are thin, steel and
corrode after three to four years. New refrigerators are like bombs at
home. With 100 percent of the washing machines, they already have
circuit boards and microprocessor control. This control in many of
them is programmed after "N" the number of times laundry to cost.
As for TVs, the myth that LCDs will work 60,000 hours turned out
6
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productivity, they can be divided into two main groups: special
machines and equipment designed for the production of
homogeneous products on a mass scale; and universal machines and
equipment designed to perform a variety of universal activities. In
recent years there has been a trend of strong unification and
standardization of elements and components of machines based on
the modular principle. The aim is to create conditions for fast
assembly of machines with different technological purpose, but
with universal purpose (principle of mechatronic machines). The
study of the laws of development and improvement of special and
universal equipment makes it possible to determine the period in
which the greatest effect can be obtained from a given generation of
machines designed for a particular production process, and at the
same time the transition period to the production of new types of
machines.
In the modern conditions of accelerated technological progress the
importance of this direction and its manifestation on the pace and
scale of the innovative obsolescence of technology has significantly
increased. Studies show that the real consequence of this impact is
an increase in the scope and timing of innovative obsolescence of
machinery and equipment that are in operation and a rapid change
in their structural composition (9). Innovative development and
aging is also expressed in the creation of new materials that have an
active impact on accelerating the innovative aging of existing
equipment. This influence is due to the widespread use of new
materials adapted for processing on a particular type of machine.
The share of unnecessary equipment adapted for processing old
materials depends on the scale of their use in production. Innovative
development and aging also affect technological processes. The
changes that occur from the application of new technologies in all
cases play an active role in the production process, as a result of
which the relative share of old technological processes is constantly
reduced, and with them the machines and equipment used for this
purpose. It is related to the professional training and improvement
and the methods of raising the qualification and training of the staff.
Significant changes occur in the qualification of the staff, as a result
of which a large number of new professions arise, old ones
disappear and the ratio between the different groups of professions
changes. The development of technology leads to significant
changes in the methods of its operation on the one hand, and on the
other hand to improve methods for changing the nature of work and
improving staff skills. Therefore, technological development and
more precisely its consequences the form of innovative aging of
products and processes, lead to a kind of attitude of manufacturers
to seek ways and means to improve and change their parameters.
The tendency to change the parameters of innovative products and
processes as a result of their rapid innovative aging is already
forming a new alternative concept for innovative development. It
also sets new requirements, both for the consumer nature of
innovative products and for the methods, approaches and methods
of their production.
From the above we can conclude that the impact of innovative
development and aging is globalizing, resulting in innovative aging
of technology and lagging behind the level of commissioned
technologies from modern ones. The further use of innovatively
obsolete equipment and technological processes leads to certain
losses, the amount of which will depend on the degree of this lag.
Formation of alternatives to rapid innovative aging. The main
directions, providing an effective way out of the limitations
imposed by rapid innovative aging in the creation of competitive
innovative products, are actively applied by many companies in
mechanical engineering and electronics. This new approach,
quickly adopted by industrial companies, is already showing its
advantages in the following directions (2,9,10). Application of the
modular principle of construction and production of industrial
products; Design and manufacture of modules for various
technological purposes; Application of programmed aging;
Replacement of products with new ones; Formation of alternative
models; The formation of alternative models in the virtual
functioning of the production system and the construction of
analytical and simulation models is carried out according to forecast

to be wrong. The same goes for cars. What they do is disguise it
with the phenomenon of "inherent aging", often ignoring or even
suppressing technological developments that could create a more
durable and environmentally friendly product. wastefulness that the
system does not allow the production of the most durable and
efficient goods. Programmed aging is the open recognition that the
longer a product is in use, the more difficult it becomes to maintain
continuous, cyclical consumption, and hence the market itself. In
other words, the durability of products is in fact the opposite of
production growth, so there is a direct incentive to ensure a shorter
life for each product produced, and in fact the system cannot
function in any other way. .
As a conclusion of the above, it can be assumed that programmed
aging is a purposeful and controlled human activity in order to solve
some industrial, economic and social problems of society. Including
meeting specific individual needs. From this point of view, and
from this point of view, programmed aging is increasingly playing a
role.
The basic principles of programmed aging are shown in Fig.1

Fig.1 Principles of programmed aging.

3. Factors that characterize the quality side of the
problem innovative and programmed aging.
Taking into account the factors that characterize the quality side of
the problem allows to reveal not only the mechanism of its impact
on the indicators of production efficiency, but also its impact on
different aspects of the production process. To facilitate further
clarification of the problem, we will group the influence of these
factors in several directions.
The influence of innovative development and innovative aging on
technology is expressed in the improvement of existing and
construction of fundamentally new machines, apparatus and
equipment. According to the purpose and growth rate of their
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indicators of already built such systems. If this data is sufficient,
proceed to the next stage, or building the model, if it proves
insufficient, additional data is sought from existing systems or their
elements, as close as possible to the modeled technical or
production system.
Conclusion
In conclusion of the present study, the following conclusions can be
drawn that; Programmed aging can be an alternative to rapid
innovative aging, or the process of programmed aging can be
regulated by man. Innovative aging is a regularity, and its
manifestation is a given imposed by the innovative development
and human intervention in the process of its manifestation.

3)Kagermann H, Lukas W, Wahlster WD (2011) Industrie 4.
0: Mit dem Internet der Dinge auf dem Weg zur vierten
industriellen Revolution. VDI Nachrichten 13
4.) Kagermann, H. , Wahlster, W. und Helbig, J. (2013):
Deutschlands Zukunft als Produktionsstandort sichern –
Umsetzungsempfehlungen fur das Zukunfts-projekt Industrie
4.0 – Abschlussbericht des Arbeitskreises Industrie 4.0.
http://www. bmbf. de/pubRD/Umsetzungsempfehlungen_
Industrie4_0. pdf (15.09.2016)
5) http://www.arcfund.net/fileSrc.php?id=2530/
6) http://www.cordis.lu/innowation-smes/src/cis.htm
7 http://www.csd.bg/fileSrc.php?id=2446
8)https://www.economic.bg/
9)http://www1.ecs.ru.acad.bg/fbm/su/l-su-5.pdf
10)http://cordis.europa.eu/technology-platforms/home_en.html
11)http://cordis.europa.eu/technologyplatforms/individual_en.html
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Challenges in measuring the impact of non-technological (organizational) innovations in the enterprise
Anton Antonov
Department of Industrial Management , Technical University of Varna, Bulgaria
SUMMARY: Many innovations are with a non-technological origin, concerning innovations in the organizational structure, management,
corporate design and social sphere. They do not stem from technological discovery or improvement, but lead to complete or partial changes
in the enterprise. The purpose of this article is not only to derive a general definition of organizational innovation, but also to explore the
challenges in measuring the impact of this type of innovation. Non-technological or purely organizational innovations in the enterprise are
relatively well studied, though they are often closely linked with changes in the products, services or processes of their creation. Difficulties
in the research regarding the impact of organizational innovation evolve both from the diversity and type of each organization, but also from
the insufficiently studied to define the clear distinction between technological and non-technological, in particular organizational
innovations.
KEY WORDS : ORGANIZATIONAL INNOVATION, NON-TECHNOLOGICAL INNOVATION, COMMUNITY INNOVATION RESEARCH
(CIP), RESEARCH AND DEVELOPMENT (R&D)..
1.

the role of non-technological innovations in the companies
innovation strategies[8]. Thus, it appears that future research should
be focused on proving the corelation between companies
innovations considering that non-technological innovations can
support technological innovations[9]. Researchers should also study
the impact of company size on non-technological strategies and
how much technology-dependent sectors are affecting development
of the organizational innovations. The differences between SMEs
and large companies create differences between both the needs and
the opportunities for realization of one or another type of innovation
and this should be a matter of future research[7].
Using the data from the Innobarometer Innovation Survey ,
which covers more than four thousand innovative companies,
Arundel et al. (2008) state that 52.5% of companies implement
innovations without performing R&D, 40% perform their own
R&D and 7.5% outsource R&D [14]. These authors prove the
assumption that companies innovate by various methods outside of
research and development, especially in the non-technological side
of innovations
Another study exploting the impact of the nontechnological innovations is of great interest as three basic
dimensions of organizational innovations are being considered:
The role of the innovation, the results of the
revenues in relation to the costs for the
introduction and including the use of different
production raw materials, workflow, work design,
work distribution and use of suppliers and
Strategically
subcontractors should be studied; human resource
management practices; including hiring and
firing; company liaison practices, including
strategies and institutional structures affecting
labor relations.
The restructuring of production processes, which
includes revision of business engineering, layoffs,
outsourcing and flexible working arrangements,
greater integration among functional lines and
Structural
decentralization; human resource management
practices that include performance-based pay,
flexible employment design
Improving the skills of employees; training; labor
management; product / service quality practices
emphasize overall quality management (TQM)
Behavioral
and improve coordination with customers /
suppliers.
Table1. Dimentions of organizational innovations[9]

INTRODUCTION.

It is recognized that innovation plays a central role in economic
growth. In the fast changing business world today, innovation has
become the mainstay of organizations The complexity of innovation
has been increased by growth in the amount of knowledge available
to organizations.[2,3] However, the majority of the empirical
evidence on the relation between and innovation and corporate
growth are focused on new product оr process implementation. The
concept of innovation is usually associated with the scientific and
technological dimensions, anyway there is commonly accepted
consensus that innovation is a complex process that cannot be
limited to the technological side alone [7]. The innovation paradigm
is assumed to be shifting from a closed innovation model to an open
innovation model[9]. Following this trend, the Organization for
Economic Co-operation and Development, OECD expand
innovative concept to cover also and non-technological innovations,
in particular organizational innovation) (OECD, 2005).
Organizational innovations include custom made organizational
changes related to its structure, business practices, arrangements,
organizational beliefs, rules and regulations, etc. [9].
The third edition of the Oslo Manual (OECD;
EUROSTAT, 2005)[11] accepted the concept non-technological
innovations and presented two new types of innovation,
organizational innovation and marketing innovation, in addition to
the standard concepts of innovations of products and processes.
Organizational innovation are explained to be consisting the
implementation of new organizational methods that were not used
in the company before, but not necessarily that they are new in the
world or the businesses as a whole .
The issue to be noted here is that different areas of research
apply the term organizational innovations in different ways [9].
Ideally, it would be important to use the term organizational
innovation in some strict sense, but this is not possible currently due
to the diversity in the structure and scope of organizational
innovations. Considering the above a broad definition would be:
"Organizational innovation is reflected in new or
improved organizational management structures (eg project
structure, specialization, etc.), a new approach to strategic
decision-making (eg bottom-up or mixed according to departments),
a new system of incentives for participation in the process of quality
improvement (eg quality groups, evaluation mechanisms), new
incentive schemes for managers (eg ownership participation as
shareholders, compensation for possible acquisition of the
company, etc.), new methods for building company culture (eg
through appropriate work clothes and company customs), a new
supply organization (just in time on the shortest route), etc. "

Shapiro claims that measuring of innovations must be
dynamic process. In fact, the measuring of innovations requires
innovation, which will make it possible to catch up the changes in
the field of innovation[9]. The need to update innovation indicators
is also evident in the editions of the European Innovation Index
(EIS), which are revised every year. Referring to Hollanders &
Cruysen[6], future editions of the EIS are expected to address four
challenges:

2.1. Influence of non-technological (organizational)
innovations
The effects of non-technological innovations on
technological innovations vary according to the type of industry.
Organizational innovations significantly increases the likelihood of
technological innovations. However, few studies have considered
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weaknesses in research methods aimed at identifying and evaluating
organizational innovation:
o The definitions (implicit or explicit) used in research
“usually do not cover the whole dimension” of organizational
innovation.
o It is important to study the direction of organizational
innovation, as the most radical organizational changes
themselves can lead to the reproduction of Taylorist principles
of work organizations.
o The companies in the developed countries are committed
to the implementation of organizational innovation which leads
to "self-perpetuating dynamism." However, there are many
opportunities to ensure this process, in part through public
policies that have been affected mainly by technological
innovation.
o Organizational innovation does not always lead to better
organizational performance and organizational efficiency,
affecting both cost and cost competitiveness of the enterprises.
o A more systematic comparison between the theory of
organizational innovation and empirical results is needed.
o There is a contradiction between the obvious advantages
offered by organizational innovations and the relative slowness
of their spread. This can be explained by objective and
subjective factors (ie the intensity of environmental change
varies by region, sector, etc.), while the subjective dimension
means the ability of firms to perceive change and the efforts to
respond to it. Another factor contributing to the low prevalence
of organizational innovation is that knowledge and know-how
in this area are poorly codified except for the most widespread
organizational standards such as ISO and just in time, to some
extent. Finally, organizational innovation generally changes the
hierarchical and managerial structure of the enterprises, and
this often creates a conflict of interest between different levels
of the hierarchy of the companies.

assessment of the overall innovation efficiency;
improving comparability at national, regional
and international level;
 measuring new forms of innovations;
 measuring progress and changes over the
certain time frame.
So-called Community Innovation Surveys (CIPs) are an
important source of information on non-technological innovation
data. Some studies based on these data have compared the
importance of technological and non-technological innovations.
Schmidt & Rammer[9] compare, using CIS4 data in Germany, nontechnological innovations (organizational and marketing) with
technological ones. 60% of all manufacturing companies have
introduced technological innovations, as well as 60% of introduced
non-technological innovations. For comparison in the field of
intensive services, the result figures are 52% and 66%, and for other
services 37% and 48%. Scientists confirmed the same for 25 EU
Member States[12].
In particular, a lower percentage of all companies in the
service sector (34.0%) than all manufacturing companies (39.3%)
are technical innovators - introduction of product or process
innovations [12]. There are no differences in the percentage of all
companies in the industrial and service sectors that have introduced
non-technoligical (organizational) innovations, according to CIS4
data. Companies with an intermediate market share deliberately
have a broad innovation strategy, consisting of both marketing and
organizational, as well as product and process innovations. The
larger the resource base of the company is (information, human,
capital, etc.), the greater the likelihood of introducing organizational
and marketing innovations.
In conclusion, we can say that an increasingly important
role is assigned to non-technological innovations, in particular
organizational innovations, due to the need of improving emterprise
competitiveness in more and more market oriented industries.
Today there is a growing understanding of the importance of
organizational innovation, although the empirical basis for its
measuring is still lagging way behind.

Although measuring the scientific and technological
dimensions of the innovations is a well-established practice, there is
little research and possible approaches to measuring and monitoring
organizational or other non-technological forms of innovations [5].
Studyies that identify and measure organizational
innovation still lags behind indicators for more tangible
technological product innovation. Comparisons in approaches to
measuring organizational innovation in existing European
Community surveys contain four main elements for measuring
organizational innovation:

2.2. Challenges in measuring non-technological
(organizational) innovations
Although the fundamental importance of organizational
innovation for exploiting the potential of other types of innovation
(product, process, etc.) is recognized , the main problem is that a
generally accepted and consistent theoretical framework does not
exist in the organizational innovation literature. Due to poorly
developed theoretical and methodological foundations, the general
definition of this type of innovation does not prevail.
The concepts and views of the following theoretical schools
form the different definitions of organizational innovation:
o
Organizational design theory: this orientation focuses on
the relationship between structural forms and the
organization's willingness to innovate.
o
Organizational knowledge and training: this part of the
literature deals with the capacity of organizations to research
and use new knowledge needed for innovations.
o
Organizational change and adaptation: this approach
explores the capacity / ability to develop adequate responses to
changes in the external environment and how to influence it.
Another major weakness in the general definition of
innovation - and especially in the case of organizational innovation
- is “... to treat innovation as if it were a well-defined, homogeneous
thing that could be identified as entering the economy at a precise
date - or to become available at a specific point in time ... The fact
is that the most important innovations go through drastic changes in
their lives[2,3,9].
In other words, tools ( ie questionnaires) designed to identify
or map different types of innovations (including organizational
innovation) do not realize the "continuous" – non-stop nature of
innovation. In addition, Coriat[9] highlights the following

Fig1. Elements for measuring organizational Innovation [13]
For an effective study of a company innovation in terms of
the adoption of organizational concepts, these four points must be
taken into account when examining the impact of organizational
innovation.
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Therefore, an analysis of how non-R&D innovators should
be included in the studies. A review of the innovation dimensions
for EIS 2008-2010 for both technological and non-technological
innovations was proposed by Hollanders and Cruysen (2008)[6].
According to the authors' proposal, the EIS 2005-2007 uses as many
as five innovation dimensions, two of which reflect innovation
performance (applications and intellectual property) and three of
which reflect the contribution of innovation (innovation engines,
knowledge creation and innovation and entrepreneurship).
However, these five areas do not adequately cover nontechnological innovations that are not based on R&D, such as
organizational innovation.
Referring to the model proposed by Hollanders and
Cruysen[7] for the innovation process and its dimensions, nontechnological innovations could be described by four categories of
dimensions:
▪ Human resources;
▪ Entrepreneurship and availability of finances;
▪ Productivity;
▪ Implementation.
Hollanders and Cruysen (2008)[7] introduce a new
category defined as performance indicators. These indicators
measure the dissemination of knowledge, including cooperation
between companies and several other partners, such as suppliers,
customers and competitors. They can also measure new
organizational arrangements. The intention of this categories it to
cover not only technological innovations but also non-technological
ones. These authors claim that it is appropriate to take into account
the places where innovations accur, including the sectoral structure
and socio-economic[7]. Applying this systematic approach, three
main categories of indicators are highlighted: input data, bandwidth
and output data.
Analysis of the determinants of non-technological
innovation and comparisons with those of technological innovation
were made by Schmidt and Rammer [8], by analyzing the
marketing and organizational innovation activities of German
companies during the three-year period from 2002 to 2004. After
this study it was concluded that the determinants of technological
and non-technological innovation are quite similar. In fact, the
companies tend to innovate in any form if their tangible and
intangible assets (such as human capital and financial resources) are
high enough.
Common aspects, such as the share of highly skilled labor
and the size of the company, are widely considered to be accelerator
of the technological and non-technological innovation (Schmidt and
Rammer, 2007)[10]. In both cases the scientist emphasize that the
main factor influencing enterprises innovative behavior is the goal
of better positioning into most competitive industrial environment.
In summary, Coriat draws attention to the complex nature of
the implementation of organizational innovation: “Organizational
innovation can only be fully realized if its systemic dimension is
fully accepted and taken into account. With this said the single
novelty (regarding one aspect of the division and coordination of
labor) may not lead to any positive results as a whole, actually it can
even can lead to additional dysfunctions, if the organization is not
able to adapt it and coordinate it with the other company
innovations. "[9]

indicators themselves for measuring non-technologival marketing
and organizational innovations have recently been added to the
product innovation indicators. The indicators for organizational
innovations and for the technological innovations are difficult to
distinguish because both technological and non-technological
activities are likely to be related and it is hard to separate the effect
from each particular one. In addition to this there is challenge due to
the degree of development and perception of any innovation as a
function considereing the size of the organization, sectors of the
economy, development and income in the host country, etc.
A new EIS (European Innovation Index) methodology
needs to be developed, which confirms the importance of non-R&D
innovation focused on non-technological aspects leading to better
results from the innovation process as a whole. The results of
organizational innovations are difficult to define and require a
specific (new) set of indicators to measure performance. Facing
continuously increasing competition, all enterprses innovations are
becoming more and more market driven ones. A wider scope is
reported in the innovation policies, which focuses predominantly on
non-technological forms of innovations, knowledge transfer and the
company's ability to capture and use knowledge. R&D inputs are
not sufficient to ensure that innovation activities will culminate in
the introduction of new organizational processes. The development
of technology allows companies to introduce and copy good
practices without actively participating in the development of
innovations.
Organizational innovation can be understood both as a
catalyst for the introduction of other types of innovation, but also as
a separate form of innovations (a direct source of competitive
advantage). Measuring organizational innovations and their effects
is methodologically challenging due to their complexity. In fact,
organizational innovation is a multidimensional phenomenon
involving different levels of aggregation with a longer life cycle
compared to the innovation of a product or service. It is also
important to point out the multidimensional link between
organizational innovation and its results (eg the complexity of
conflicts between resilience and the effect of change). In order to
receive adequate data, research guidelines should lead to detailed
step-by-step contextual information throughout the organizational
change process and continuesly measuring every impact on the
companies as a whole or on a structure of it, limited in a specific
time frame.
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1. Introduction



When starting a new business, experienced business owners
and entrepreneurs know that brand identity (everything visual about
your company) is essential. They also know that a business can
build a strong brand and brand identity only if it makes deliberate
choices and doesn’t leave branding to chance. Business owners with
less experience under-invest in branding. Some business owners
and entrepreneurs mistakenly believe that their business’s brand
identity is nothing more than the business’s name and logo. The
name of the business and the logo are critical ambassadors for any
brand, so both must be unique and strong. But, a successful brand is
much more than the name and logo.

Maturity: This is the most profitable stage, while the
costs of producing and marketing decline.
Decline: A product takes on increased competition as
other companies emulate its success—sometimes with
enhancements or lower prices. The product may lose
market share and begin its decline.

2. What is innovation?
An innovation is an innovation or change in a phenomenon
that distinguishes it from an initial state. According to another
definition, this is the application of new ideas, processes, goods,
services and practices in a more or less commercial way, based on
a (new) application of science and / or technology.

3. What is brand innovation?

Fig.1 Product life cycle curve.

Brand innovation is an essential component of corporate
strategy. Through strategic planning, brand innovation helps
businesses to implement new marketing projects. Brand innovation
nurtures new ideas, encourages creativity, and helps marketing
departments take their organization to the next level.

The claim that a product has a life cycle is justified by the fact that:
• the products have a limited life;
• sales go through several stages, each representing different
opportunities, opportunities and problems for the trader;
• to monitor the rise and fall of profits during the equal stages
of the product cycle;
• The products require different in structure and volume
marketing, financial, production strategies and human resources in
each phase of the life cycle.

4. Lifespan of the product
The term product life cycle refers to the length of time a
product is introduced to consumers into the market until it's
removed from the shelves. The life cycle of a product is broken into
four stages—introduction, growth, maturity, and decline. This
concept is used by management and by marketing professionals as a
factor in deciding when it is appropriate to increase advertising,
reduce prices, expand to new markets, or redesign packaging. The
process of strategizing ways to continuously support and maintain a
product is called product life cycle management.

5. What is a brand?
Definition: A brand is a name given to a product and/or service
such that it takes on an identity by itself.
Description: In today's marketplace teeming with thousands of
products and services, all of which are being rapidly commoditized,
a brand stands out from the clutter and attracts attention.
A brand name can create and stand for loyalty, trust, faith,
premium ness or mass-market appeal, depending on how the brand
is marketed, advertised and promoted.

As mentioned above, there are four generally accepted stages in the
life cycle of a product—introduction, growth, maturity, and decline.




Introduction: This phase generally includes a substantial
investment in advertising and a marketing campaign
focused on making consumers aware of the product and
its benefits.
Growth: If the product is successful, it then moves to the
growth stage. This is characterized by growing demand,
an increase in production, and expansion in its
availability.

A brand differentiates a product from similar other products
and enables it to charge a higher premium, in return for a clear
identity and greater faith in its function. A brand is also likely to
survive longer than just an undifferentiated product.
A brand is akin to a living being: it has an identity and
personality, name, culture, vision, emotion and intelligence. All
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these are conferred by the owner of the brand and needs to be
continuously looked at to keep the brand relevant to the target it
intends to sell to.

8. The difference between brand refresh and
rebranding
To people on the outside of the design world looking in, it’s
easy to get confused when these two terms come hand in hand. You
see companies evolving, changing, and adapting to the current
market, but are they rebranding, or just refreshing?

6. What is brand positioning?
Brand positioning is something that companies need to think
about during the strategy and research aspects of a business
development project. Ideally, understanding the position of the
brand should be something that the company achieves when
preparing for market recognition.
Using a brand positioning statement, one understands what a
"USP" (Unique Point of Sale) is and what sets companies apart
from the competition. Usually, once you understand what sets your
business apart from other competitors in the industry, you will be
able to begin to draw attention to this concept and gain interest in
the target market.
Ideally, brand positioning is a solution that can be used to
identify what sets you apart from other brands in the eyes and minds
of customers. Today's average customer is overwhelmed by a
concept known as "choice overload". In other words, they offer us
hundreds of solutions to every single problem we may have, and we
don't know how to choose the best result.
Brand positioning is a concept that has the potential to
highlight specific brands and simplify decision-making in an
oversaturated market. The right decisions for brand positioning put
the customer's needs at the heart of the entire development of the
company, and then are based on aspirations, needs and a deeper
understanding of the competition.

Though the two terms seem similar on the surface, when you
get down to the details, the differences are like night and day. While
a brand refresh is like giving your company a fresh lick of paint, a
new look, and a fancy new logo, “rebranding”, is all about tearing
down everything you’ve built, and starting again from scratch. In
other words, one is far more dramatic than the other. Rebranding Vs
brand refresh? In this thought-piece, we’ll outline the key
differences.
To simplify the idea a little further, a brand refresh might include:






Tweaking your current design or logo.
Updating your slogan.
Changing your colour pallet.
Refreshing marketing materials.
Using a new font.

A rebrand, on the other hand means:





7. Life cycle of the brand
Just like products, all brands have a specific life span
called the brand life cycle, and it may look different for each
brand. Each brand should adopt various advertising strategies
or promotions at different stages to suit the marketing targets
and market environment in order to achieve the best
marketing results. Generally speaking, the life cycle spans
from the launch period until it declines from the market.

Creating a new personality.
Designing a new background for your company.
Establishing yourself within a different market.
Overhauling your entire image.

9. What is brand refresh?
In the world of branding, a refresh is like a tactical manoeuvre.
How complicated your brand refresh process is will depend on the
extent to which you need to change your image. Often, the idea is to
have a distinct impact on the way that your company feels, sounds,
and looks to your customer. That means changing:

The life cycle of a product is known for its success in a
short period of time, as opposed to the life cycle of a brand.
The life cycle of the brand must remain in the growth
phase, because the brand does not meet the expectations of
its users / customers, the brand will move to the phase of
decline - will "die". The brand must be managed very
carefully, because "one wrong move and it all ends", it all
depends on the management of the company.





Your brand voice.
Your visual branding.
Your customer service/ product offerings.

1)

"The voice of the brand" - The voice of the brand is a
separate "person" that the brand acquires in its
communications with its customers.

2)

Visual branding - successfully creates a memorable
experience for consumers, makes them trust the company
and encourages recommended and recurring businesses if
the experience was great. Visual branding is one of the
best tools you have to communicate with your customers.

3)

Customer service / product offerings:
a.

"Customer service is a series of activities
designed to increase customer satisfaction - the
feeling that a product or service meets customer
expectations." Jamier L. Scott (2002)

b.

Product proposals - product differentiation leads
to a situation of monopolistic competition,
which is incompatible with the conditions of
perfect competition, one of the requirements for
which is the products of market competitors to
be perfect substitutes. Jamier L. Scott (2002)

Fig.2 Life cycle of brand
When making the wrong management decisions, this leads to a
decline in market demand, which in turn leads to a shift in the
company's position along the curve of the brand life cycle.
When rebranding is used, consumers will not be able to easily
identify the product / service they are offering, so they will not be
very successful due to unrecognizability.

As businesses grow and change, it’s important for their brands
to reflect the current marketplace. Simply put, if you stayed the
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same while all the companies in your industry changed, adopted
fresher logos, and newer ways of communicating with their
audience, then you’d end up losing your competitive edge.

12. What is rebranding?
Rebranding is the process of changing the corporate image of
an organisation. It is a market strategy of giving a new name,
symbol, or change in design for an already-established brand. The
idea behind rebranding is to create a different identity for a brand,
from its competitors, in the market.

10. Brand refresh strategy
What does the brand renewal strategy actually involve?
The process is usually quite simple. Unlike total
rebranding, where lengthy consultation and guidance is required,
brand refreshing requires only limited research, competitor analysis,
and a good creative brief.
The important thing to remember to refresh the brand is
that everything is done on the surface. It's like going back to an
apartment that has new paint and new furniture - the feeling is
different, but the basic structure remains the same.

There are several reasons for a company to go for rebranding.
One prominent factor is to connect with customers. Rebranding is
good for the business, but at the same time it may be risky. There is
always a possibility that the consumers do not like the new brand.
There are two types of rebranding: one is Proactive rebranding and
the other is Reactive rebranding.

While refreshing can encourage the development of new and
improved visual identity guidelines, as well as an extensive brand
implementation program, it is worth remembering that your brand is
more than just a logo and color palette. Make sure you think about
the stability of your structure before you start.

11. The process of brand refresh
Once we are sure that the brand refresh process is appropriate,
these are the steps to follow:



Proactive rebranding is done when a company
recognises that there is an opportunity to grow, innovate,
tap into new businesses or customers, and to reconnect
with its users.



Reactive rebranding is done in a situation when the
existing brand has be discontinued or changed. Possible
reasons for such a action could be mergers & acquisitions,
legal issues, negative publicity such as fraud, aiming to
beat the competition, or create your own niche.

Brand development is the basis of the identity of your
business, the sum of all values, ideals, characteristics of the
company. Sometimes, however, even the most beloved brands go
through crises, succumb to the effects of aging, or fail to fit the
standards of the audience as they did before.

1) Research and discovery
Every brand development requires research, but this is
something that is often overlooked and underestimated by many
companies. It is crucial that you understand what you want to
achieve with the renewal of your brand and the things you need to
do to achieve your goals. You need to do a lot of research to
determine how the market views your company, what features you
have, and what you may need to change to stay relevant.

13. When is it time for a brand refresh strategy?
1) Target new demographics
An effective brand is one that is created specifically for a target
audience; this makes the brand relevant and connected.

2) Competitive analysis
While it's a bad idea to just copy what your competitors are
doing when it comes to brand upgrades, market research will give
you an idea of which styles and trends are most effective in your
industry. The idea should be to consider a number of factors,
including:

Tone of voice.

Value proposals.

Key slogans and slogans.

Logo, colors, fonts and styles.

After doing this, you need to have an idea of how to keep
up with your competitors and possibly make sure that you
also stand out.

2) Threat from a new competitor
Rebranding can also be a move to protect a business from the rise of
a new competitor.
3) Your mission or values have changed
They usually dictate how your brand will develop. If they change,
then the brand must change.
4) Your image is outdated
The image may need a rebrand because it is already outdated.
Design trends are changing rapidly, and within a decade or two,
fonts, colors, shapes, and styles that look great now may not be as
appealing to consumers tomorrow.
An update is needed, which does not necessarily mean a complete
change of vision. It is enough to be updated to current tastes.

3) Update the visual identity
One of the main reasons every brand is committed to brand renewal
is that they have an outdated visual identity. It is crucial to make
sure that your image is consistent not only with the market you are
in, but also with your manifesto and brand position. The idea is to
stay within the current market styles without mingling with the
crowd. At this stage, you will look at your logo, color palette,
photography, fonts, styles, and more to determine how they show
the basics of your brand.

5) Your brand is "broken"
It is possible that the brand was initially badly built due to haste or
an agency that did not invest enough in the details, as well as
because of an inexperienced employee. Here, rebranding allows for
a "new beginning" of the brand.

4) Update the tone of the voice / messages of the company
Although brand upgrades can be largely visual, it is important to
remember that messages are also important. Today's market is
becoming increasingly concerned not only with the appearance of
the brands they do business with, but also with the personality and
history behind that brand. If you change your image, then it makes
sense, which will require adaptation of your messages and voice.

14. Brand strategy
A branding strategy (also known as a brand development
strategy) is a long-term plan to achieve a series of long-term goals
that ultimately lead to the identification and preference of your
brand by consumers. A successful branding strategy encompasses
the brand's mission, its promises to customers and how they
communicate.
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Often misunderstood, branding strategy is not the sum of your
logo, color palette or website; although these creative elements are
an integral part of a successful branding strategy. The branding
strategy revolves around all the intangible elements that, over time,
stimulate brand awareness, brand capital and sentiment.

Conclusion

15. What is brand strategy?

In conclusion on the topic, the life cycle of the product
and the brand were considered, which have common points without
one, which is exactly the rebranding or renewal of the brand,
depending on the performance of the company on the market and its
demand. revival ”of the brand. An important fact is that rebranding
is a complex process that needs to be researched and a whole new
brand strategy created. The processes of brand rebranding and
renewal have similar issues in measuring the success of the strategy,
through which issues the successful brand is created.

The main goal of a successful branding strategy is to inform
the world that the brand exists, what its purpose is and what defines
it. The branding strategy is a mobile, long-term strategy that often
requires revision over time based on its success (or lack thereof).
The success of a brand development strategy is not always
easy to measure. Branding strategies often include intangible
elements that are not easily quantifiable and - when planning this
type of strategy - it is important to decide from the outset how
success will be measured.

References:

Each organization has a different approach to measuring
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How do you engage potential customers? - What
personality and tone of voice will your brand have to
achieve its goals?

1.
2.
3.
4.
5.

What are the goals of your brand and how do you
communicate them? - What problems will the brand solve
and how will it benefit customers?
How are ideal customers identified? - Who will benefit
from the brand? How do these customers feel and how
would they like to feel?
How do you identify competitors - Who already gives
potential customers what they want and how?

6.
7.
8.
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economy clearly indicates its multifactorial nature with the
determining influence of the intellectual component in various
forms of manifestation. The trend that has emerged in the last
decade to simplify higher education by predominantly developing
professional skills among students, instead of a comprehensive
assessment of problems based on the scientific component and a
complex of socio-humanitarian disciplines, reducing the duration of
training, the growing role of the economic component in the
activities of universities, requires an integrated approach to
developing a methodology for the functioning of higher education.
during the development of the new economy.
It is of significant scientific and practical interest to assess the
role of the intellectual factor in the educational process of higher
education in order to determine the directions for the formation of
methodological approaches to the systematic training of specialists
for the domestic economic complex, taking into account its features.

1. Introduction
The practical implementation of the state strategy for
sustainable economic and social development for the period up to
2020 and beyond [1, 2] involves the expansion of the use of highlevel technologies in production and social activities, including
convergent technologies (NBIC) [2–10]. This aspect of the
innovative functioning and development of industrial and social
complexes of various levels, forms of ownership and departmental
subordination involves the possession of employees at all stages of
the product life cycle with modern methods of managing a new type
of economy, positioned as a "knowledge economy", "intellectual
economy", "digital economy" [11, 12]. The prevailing form of
training professional workers for various areas of the functioning of
the economy, the most important factor in the formation and
development of which are intellectual products implemented in new
materials, designs, technologies for management, manufacturing,
sales, service and recycling, is the implementation of the
educational process in higher educational institutions (universities)
in accordance with the current regulatory legal documentation
regulating the list of educational programs, their content, forms of
control and terms of implementation in accordance with the
Educational code.
The new economy requires the creation of a methodology for
training a new type of worker - a “knowledge worker” [13], whose
activities will ensure the innovative functioning of a business entity.
An innovatively receptive specialist with pronounced creative
thinking [14] during the formation of a new economy and its
subsequent sustainable functioning with a characteristic vector of
social development has the intellectual potential for the
development and practical use of highly effective innovations that
ensure the achievement of strategic goals declared at the state level.
To form such a specialist, it is necessary to transform
methodological approaches to the intellectual support of learning
processes, professional activities and advanced training based on
the concept of "lifelong education".
In studies devoted to the process of formation of innovationreceptive specialists at the stage of the educational process in basic
specialties that determine effective economic and social
development, various aspects of its implementation are considered,
taking into account the requirements of the knowledge economy
[14–19, 26–35]. So, in [15] as a "guarantor of the success of
society" they consider "dialogization of the educational process". In
[15], it is noted that in the implementation of the educational
process “with the traditional reliance on lectures”, the specialist
does not acquire “effective management skills” in full. Shrubenko
A.G. believes [16] that a transition to an “individually oriented”
principle of building the educational process is necessary. In more
detail, some trends in the transformation of the educational process
in the interests of the new economy with an innovative nature of
functioning are considered in [15–19].
An analysis of studies devoted to various aspects of improving
the educational process in the interests of the neo-industrial

2. Results and Discussion
Trends in the development of the economy at the global, state
and regional levels are characterized by an increase in the share of
services of various types and its prevalence over the production of
material objects that ensure the functioning of basic industries and a
system of comfortable and safe life [5, 10, 20, 23]. Therefore, the
educational process of higher education should transform the
content of educational programs for the training of specialists in all
branches of industrial production, taking into account the features of
new marketing systems, after-sales service, and permanent updating
of the product range with changing consumer demand [20–22]. At
the same time, the educational process should take into account the
peculiarities of the Belarusian economy, which is in the process of
transition from the IV, V to VI technological modes [23].
The characteristic trends of the Belarusian economy in
transition are inefficient innovative functioning, which
predetermines the process of stagnation.
Belarus, like most countries of the post-Soviet space, belongs to
the “countries with incomplete industrialization” [23], therefore
“... the essence of the technological problem ... lies in the fact that
the third and fourth technological modes are a fundamentally
different type of production than the fifth and sixth ... . So, in the
industry of the Republic of Belarus ... up to 1/3 of all labor is
manual, 1/5 is manual labor with a mechanical tool, 1/3 is machine
labor, and only 1/10 is semi-automated and automated” (emphasis
added – O.A., V.S., A.A.) [23, p. 27]. Further in this work it is
noted: “... the main mass of the employed population (up to 80%) in
Belarus are representatives of mass professions associated with the
traditional branches of the economy and forming a hierarchy of
socio-professional groups similar in occupation (physical and
mental wage labor), property status ..., scope of rights ... and those
who share non-market values in the economic and social
spheres ... . In order for employees to be able to reproduce new
social strata, to become effective owners of their workforce, it is
necessary to reorganize both external conditions that change the
position of workers in society, and internal ones – overcoming
17
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In the work of Professor Kirvel Ch.S. it is rightly stated that “In
the current conditions of global competition for resources,
territories, financial power, the main goals of information wars are
the destruction of the consciousness and self-awareness of peoples,
their life-meaning values, ideals and guidelines” (emphasis added –
O.A., V.S., A.A.) [18, p. 79].
Gustave Le Bon noted: “The only important changes from
which the renewal of civilizations follows are made in ideas,
concepts and beliefs. Major historical events are only visible
consequences of invisible changes in people's thoughts” (emphasis
added – O.A., V.S., A.A.) [18, p. 81].
Therefore, “... the more primitive a person’s education, the
easier it is to lure him into a network and, as such, connect him to
one of the global networks or to all networks at once” (emphasis
added – O.A., V.S., A.A.) [18, p. 85]. A systemic purposeful
substitution of the concept of "education" for the concept of
"training" is carried out with the help of the so-called "educational
services", implemented mainly on a commercial basis.
The work [19] expresses a reasonable opinion on the direction,
goals and objectives of transforming the educational process in
Belarusian higher education: “... To indicate the general direction of
the processes that are unfolding in full swing in the system of
education and higher education in particular, it is appropriate to use
the prefix “de-”, indicating decomposition and disintegration:
“defundamentalization”, “dehumanization”, “deconcretization”,
“dehumanization” (emphasis added – O.A., V.S., A.A.) [19, р. 60,
V. 1].
The authors consider “economic centrism” to be a stable,
determining trend in the development of education, noting that:
“The lie of economic centrism lies in the fact that it declares
education to be the private interest of individual stakeholders
(individual employers and potential employees) and reduces the
fullness of the benefits created by the education system to only to
one – narrow professional training” (emphasis added – O.A., V.S.,
A.A.) [19, p. 63].
The educational process within the framework of economic
centrism is replaced by a set of various kinds of flash mobs and
smart mobs, start-ups, etc., imitating scientific research, preparing
essays, term papers and diploma projects, which are the essence of
the educational process within the specialty. The number of
participants in this process in the educational environment is rapidly
increasing and “... The scale of this phenomenon has become
significant, which allowed ... I. Huizing to declare the emergence of
a special type of personality – Nomo Ludens – "a person playing"
[19, p. 71].
A change in the professional content of a teacher due to the lack
or insufficiency of their own scientific base within the taught
disciplines necessitates the search for new parameters to maintain
their status in the educational society. So Prokhorova L.V. [27]
believes that “... Achieving ... a harmonious set of qualities requires
the teacher to be aware of actions, which in turn is impossible
without reflection: the teacher needs to know what requirements the
student audience and colleagues impose on him” (emphasis added –
O.A., V.S., A.A.) [27, p. 18 with reference to [28]].The author [27]
believes that “A university teacher is a person who, by the nature of
his activity, must have a number of universal qualities: the abilities
of a psychologist, organizer, analyst, orator, to master the methods
of training and education, to be not only a competent specialist in
his field, but also an erudite in other fields of knowledge” [27,
p. 18].
In the studies of Donskoy L.Yu. The image of a higher
education teacher is determined by a dynamic model that includes
three levels [28]. Primary attention is paid to the natural component
(external data, physical and psychophysiological features,
temperament, gender, age), the internal component (communicative
qualities, charm, professional knowledge, individual style, etc.),
symbolic characteristics (visual, auditory, kinestic, olfactory
components) [27].
According to the author of the work [27], all actions of the
teacher should be aimed at pleasing students, since, in particular,
Socrates noted that “one learns from the one who likes” [27, p. 19].

paternalistic stereotypes, focusing on continuous improvement of
professional education, formation of social responsibility for one's
life" (emphasis added – O.A., V.S., A.A.) [23, p. 28].
A characteristic trend in the economic and social development
of the post-Soviet states is "globalization – the second stage of
urbanization – expressed in the migration of the population of small
towns to regional centers, large cities and capitals, which ...
intensified ... negative trends" in the regions, including "... a steady
slowdown in economic growth … degradation of the material and
technical base of enterprises, organizations, institutions and
infrastructure” (emphasis added – O.A., V.S., A.A.) [24, p. 7–8]. In
the same work, it is noted that “According to the United Nations,
the Republic of Belarus is among the countries with a high level of
human development, being in 53rd place in the world out of 173
countries surveyed annually” (emphasis added – O.A., V.S.,
A.A.) [24, p. 9]. At the same time, many approaches that are
effective in economically developed countries to intensify
innovative functioning using the latest, including convergent
technologies, through the formation of cluster structures and
digitalization of the economy, have not received proper
development and their real contribution to the economy of Belarus
is insignificant.
A characteristic feature of the development of the industrial
complex of Belarus is the phenomenon called in [26] “technological
uncertainty”: “... Technological uncertainty is characterized by a
multiplicity of options for choosing technologies that arise due to
the inability to assess the likelihood of potential results from their
use. Such uncertainty acts as a natural limitation of the
controllability and stability of the organizational and economic
system in general and the industrial complex in particular. At
present, a large amount of accumulated knowledge is the foundation
for the emergence of new ones, the volume of technologies is
constantly increasing, and the speed with which new technologies
are emerging and being introduced is also growing. As the
dynamics of technological evolution accelerates, technological
uncertainty grows” (emphasis added – O.A., V.S., A.A.) [25, p. 53].
In our opinion, it is more reasonable for Belarus to talk about
“technological lability”, that is, about the mobility of sectors for the
use of science-intensive and traditional technologies, depending on
the type of innovative products.
With the mass industrial production of innovations with close
parameters of functional (consumer) characteristics, the role of the
technological lability factor increases, as it affects price parameters
and production productivity.
At the same time, it should be noted that the noted characteristic
features of the development of the industry of Belarus, as the main
factor determining economic and political sovereignty, require the
development of new methodological approaches to the organization
of the educational process for the training of engineering and
managerial personnel that are adequate to the requirements of the
new economy with a pronounced trend of innovative functioning. A
qualified specialist must not only possess the essence (“know-how”)
of high technologies developed and used in the leading countries,
have practical skills in adapting them to the current industrial
production, but also apply them in their original or modernized
form in combination with domestic technologies for achieving
synergistic effects. This aspect involves obtaining not a highly
specialized educational complex sufficient for the implementation of
professional competencies, but systemic ideas about the
development of technologies in accordance with the requirements of
neo-industrialization, with the prevalence of reasonable actions that
preserve the environment and harmonize society. A highly qualified
worker of neo-industrial development - a "knowledge worker",
owns the technologies of creative thinking within the scope of his
professional activity and the development of the social
environment.
An analysis of studies on the methodological aspects of the
educational process during the formation of a new technological
mode in Belarus [18, 19, 25–35] makes it possible to identify
characteristic trends in the approaches used in the domestic higher
education.
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In our opinion, this is a simplified understanding of the meaning of
the Socratic statement, since it means not only the ability to
communicate and charm, but the intellectual level of teaching,
which the trainees “like” with its depth of professional knowledge,
versatility, scientific potential, realized in significant achievements textbooks, monographs, patents, a scientific school, the
effectiveness of practical innovation, etc.
Therefore, the concept of "educational violence", proposed by
us in [14, 17], does not reduce the teacher's ability to "like", since
adequate (professionally oriented) students understand the need to
spend a lot of effort to achieve a high real (rather than formalized)
professional level.
Obtaining an education of a modern level is possible only
through the intellectual violence of the student over himself with the
help of the intellectual potential of the teacher in various forms of
its practical implementation, with its undoubtedly high moral
characteristics. To a large extent, this is realized with the
individualization of the educational process, which takes into
account the peculiarities of the intellectual development of the
student. In our opinion, the most effective method of teaching is a
joint non-formalized research activity within the framework of a
large regional, state or international program.
In [29], they note that “... Today we live in a completely
different world. The only thing that remained unchanged in him was
the desire to acquire new knowledge – scientific truth” (emphasis
added – O.A., V.S., A.A.) [29, p. 48]. In our opinion, the main
components of the universe have not changed. We live in the same
world that has existed for a long period and will continue to exist,
despite the negative technogenic impact, which is the “creation” of
human hands, called “scientific and technological progress”. The
world does not change, because it is harmonious in essence - the
initial organization, structure and functions of the components, their
interaction and transformation. Man's perception of the world was
changing, based on an inadequate assessment of his own role in the
existence of the universe, based on the developed paradigms, which
are presented as transcendental (absolute) knowledge.
In the process of joint educational activities, a professionally
adequate teacher, in our opinion, should proceed from the concept
of unconditional giftedness and genius of the student, the makings
of which are inherent in everyone upon birth in the form of "natural
properties" [14, 17]. According to Hegel, “... Natural properties are
understood as the totality of natural inclinations, as opposed to what
a person has become due to his own activity. Talent and genius
belong to these inclinations. Both of these words express a certain
direction which the individual spirit has received from nature. ...
However, both talent and genius ... must be improved according to
generally accepted methods, unless they want their death, moral
decay or degeneration into bad originality” (emphasis added –
O.A., V.S., A.A.) [30, р. 11].
The joint participation of a teacher and a student in the
implementation of a research project is the most important
condition for their mutual intellectual development. At the same
time, as noted in [31] “... Work with young people and, in
particular, teaching at a university, in my opinion, is one of the
important, if not the most important component of scientific
activity” (emphasis added – O.A., V.S., A.A.) [31, p. 55], because
“... The transfer of knowledge is the duty of any scientist and,
especially, the scientific elite” (emphasis added – O.A., V.S., A.A.)
[31, p. 55].
The quality of the educational process is manifested in the
ability of a specialist to develop his own solution, not only adequate
to the prevailing conditions of use, but also more effective in
comparison with other solutions. "Borrowed knowledge" can ensure
the adoption of an effective decision when the real situation is
adequate to a certain virtual one, but cannot be implemented in the
absence of information technology, since the specialist has not
formed an algorithm for his own thinking. Having the skills to use
borrowed knowledge does not mean being able to develop your own
knowledge based on personal intellectual potential.
A pronounced trend in the strategic development of higher
education is the expansion of the use of information technology in

the educational process, which makes it possible to implement the
concept of distance learning (DL). According to [32], “Distance
learning can be defined as a purposeful, organized process of
interactive interaction between teachers and students among
themselves and with learning tools, invariant to their location in
space and time, which is implemented in a specific didactic form”
(emphasis added – O.A., V.S., A.A.) [32, p. 36].
In our opinion, the main goal of the educational process,
regardless of the form of embodiment, is the formation of a person
with high professional knowledge and skills in a particular field of
activity and moral criteria that are adequate to the criteria for the
development of society and the world community. Distance
learning (DL) is a technological form of transferring professional
knowledge and skills from a teacher to a student using technological
means, based on fundamental knowledge obtained as a result of
systematic work in various fields of scientific and practical
activities.
Classical universities will be able to maintain their status and
functional purpose with the intensification of scientific activity both
in their own infrastructure and in the integration interaction between
research and production components operating in the region and
global space.
According to the concept of D. Bell, the university is presented
as an “axial social institution” [32] of the post-industrial society:
“The university is increasingly becoming the main social institution
of the post-industrial society, which has assumed the functions of
carrying out fundamental research, training highly qualified
personnel, and developing general education” (emphasis added –
O.A., V.S., A.A.) ([32, p. 37 with reference to [33, p. 334]).
For higher education in Belarus, D. Bell's concept requires
transformation due to the relatively low level of research work
performed, especially characteristic of regional and non-state
universities, and their scientific status. Therefore, the formation of
the modern status of the university is impossible without integration
interaction with academic science with mutual diffusion
(percolation) of the staff and convergence of research, educational
and applied innovation projects based on the concept of intellectual
support with a certain infrastructural embodiment.
Only the permanent generation of high-level knowledge in the
integration cluster "Higher Educational Institution - Academy of
Sciences - Industrial Enterprise" will ensure the development of
educational and methodological complexes adequate to the postindustrial economy for training specialists in strategic programs for
the innovative development of high-tech industries of the economic
complex, ensuring its sustainable development [14, 17]. This will
preserve the basic functions of a classical university, in which the
content of educational and methodological materials will be
permanently updated on the basis of scientific fundamental and
applied knowledge with a high level of novelty and relevance.
Baynev V. [34] rightly noted that in the innovative development
strategy of Belarus and other countries of the post-Soviet space, the
main resource is “people and intelligence”, and “the reproduction of
human capital is associated with the education system”, which “...
should function in organic connection with other spheres of the
economy and society as a whole” (emphasis added – O.A., V.S.,
A.A.) [34, p. 25]. At the same time, the education system focused
on training specialists with high creativity and innovative
susceptibility should be based on an integrated approach that
includes a fundamental scientific component, a socio-humanitarian
component and a professional component that form a harmonious
personality with moral behavioral priorities, since "... focusing on
the fragmentary and episodic blocks the understanding of the
whole, obscures the perception of the whole, prevents the
assessment of events from the point of view of their integration into
the overall picture of the world, turns into a diffusion of values,
fragmentation of culture and, in general, the de-intellectualization
of modern society" (emphasis added – O.A., V.S., A.A.) [26, p. 91].

3. Conclusion
An analysis of studies devoted to the consideration of various
aspects of the educational process in the domestic higher school
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indicates the lack of a systematic approach to assessing its
effectiveness in the implementation of the State Strategy for
Sustainable Socio-Economic Development for the period up to 2020
and in the long term. The emerging trend towards a decrease in the
share of the scientific component with a reduction in the cycle of
socio-humanitarian disciplines and the total duration of training
leads to the formation of specialists with certain professional skills
without understanding the multifactorial development of the world
society with pronounced consumer guidelines.
The expediency of the development of the research component
in the educational process of higher education and the
intensification of interaction between the faculty and students in the
framework of the implementation of high-level scientific programs
is shown.
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Abstract: In recent years, much attention has been paid to the recycling of Li-ion batteries (LIBs) [1, 2]. However, there are only few
economic assessments on the recycling of LIBs even if, by 2030, it is possible to reach 2 million tons of spent LIBs/year worldwide [3, 4].
In this context, the present work aims to present a viable business model that is feasible and economically efficient and can be framed in a
circular economic recycling technology of spent LIBs. The proposed business model uses literature data on the hydrometallurgical
processing (HP) of spent LIBs. The business plan contains estimates of costs and revenues, and, also, estimates or projections concerning
the state of the relevant markets and industries for the products resulting from spent LIBs.
Our work proposes a feasible and sustainable circular economy solution able to deliver critical materials such as cobalt, lithium, nickel, and
copper for the supply chain of the LIBs manufacturing. From our estimate, valorising all recovered materials, the annual profit can reach
around 600,000 $ for a commercial recycling plant that processes 125 tons/year of spent LIBs.
Keywords: LIBS, RECYCLING, HYDROMETALLURGY, CIRCULAR ECONOMY, BUSINESS MODEL

1. Introduction
CMHP is considered an economically sustainable alternative [14].
The most valuable components of spent LIBs are the following
metals: cobalt, nickel, manganese and copper [4]. The recovery of
lithium, aluminum, graphite and plastics is also targeted [5, 15].
The cost assessment will be based on an average composition of
spent LIBs [16] (see Table 1). It is also considered a material
recovery rate of 95%. High purity of recovered metals is considered
to be provided by hydrometallurgical processing. The recovery
process installation based on CMHP will process 125 tons of spent
LIBs annually.

In the coming decades, the global production of LIBs will
increase significantly due to the growing demand for electric
vehicles (EV) and portable electronics (PE) [4]. The International
Energy Agency (IEA) estimates that between 2017-2030, the
number of EV in operation will increase from 3 million to 125
million [5]. At the same time, there is a growing concern about the
supply of raw materials, especially rare metals such as lithium and
cobalt [6]. Under these conditions the recycling of spent LIBs
becomes crucial.
Spent LIBs are recycled mainly in Europe, Asia and North
America. Due to the fact that until recently the production of LIBs
has been carried out almost exclusively in China, South Korea and
Japan, Asian companies are profitable due to the large quantities of
spent LIBs [7, 8].

Table 1: Average composition of spent LIBs.
Component
Metal housing
Plastic
Graphite
Copper
Cobalt
Manganese
Nickel
Lithium
Oxygen
Aluminum
Electrolyte

The recovered materials from spent LIBs could be used to make
new batteries, reducing manufacturing costs. The lithium, cobalt
and nickel prices represent the most expensive components, with
substantial fluctuations in recent years [9, 10]. According to the
recent studies, recycled material and second life batteries can
generate a market worth more than $6 billion, based on current
metal prices [11].
The recycling technologies of spent LIBs include mechanical,
pyrometallurgical and hydrometallurgical processes [12]. Compared
to pyrometallurgical processes, hydrometallurgical processes are
known to be flexible, with a high degree of selectivity, low energy
consumption, low–level of hazardous gas emissions, and
economical, which indicates a great potential in their industrial
implementation [13].

MS consists of the complete discharge of spent LIBs (to
eliminate the danger of explosion by an uncontrolled discharge).
After discharge, the components are disassembled manually or
mechanically: metal housing, plastic components, cables, battery
management unit (BMU) which can be recycled directly and treated
separately [17, 18]. The electrode materials (cathodes and anodes),
the polymer separators are also separated, and subjected to drying at
temperatures between 100 – 140 °C [19], for evaporation and
collection of the electrolyte [17]. Electrode materials composed
mainly of LiCoO2, LiNixCoyMnzO2, LiMn2O4, LiNiO2 and
LiFePO4 are crushed to obtain the so-called black powder (BP), for
further chemical treatment.

2. Economic analysis
For the recovery of materials from spent LIBs, we propose a
cost assessment of processing through a combined mechanical –
hydrometallurgical (CMHP) recycling process.
The proposed technology for recycling spent LIBs consists of
the following steps:
Mechanical separation;



Hydrometallurgical recovery;



Valorification of recovered materials.

7
8
19
11
9
6
6
2
11
5
16

2.1. Mechanical separation (MS)

The proposed economic analysis of the recycling of spent LIBs,
includes a brief presentation of the recycling stages and an
assessment of the ratio between turnover, expenses and profit in
order to create a sustainable circular economy in the supply of
critical materials (lithium, cobalt, nickel and copper).



% (w/w)

2.2. Hydrometallurgical recovery
The solubilization of the BP components is done using 2.0 M
H2SO4 and 4.0% H2O2 at a temperature of 70 °C. The resulting
aqueous solution containing ions of aluminum, lithium, cobalt,
copper, nickel, iron and manganese is further treated to recover
them in the form of salts or pure metal.
To separate the metal ions from the leaching solutions of spent
LIBs, a combination of extraction agents such as D2EHPA and TBP
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will be used to improve the purity of the product [7]. The metals
will be precipitated using Na2CO3 [20, 21].

2.3. Valorification of recovered materials
The efficiency of the recycling process of spent LIBs is
influenced by the processing costs, the purity of the products
obtained and their market value. Aspects related to global policies,
the demand / supply ratio caused large price fluctuations of metals
used in the manufacture of LIBs, as can be seen in Fig. 1. Under
these conditions, the prices of the materials resulting from the
recycling of spent LIBS presented in Table 2 will be taken into
account.

In the supposed recycling system, a profit of $ 571,669 can be
generated. The proposed technological process removes waste of
Li-ion batteries from landfills; improve manufacturing costs by
recycling materials from LIBs and reusing them in the process of
making new batteries and will eliminate carbon emissions using
environmentally friendly processes.

3. Conclusions
In the future, LIBs manufacturers will use more and more raw
materials from spent batteries [23].
Due to the evolution of the prices of the metals (lithium, cobalt,
nickel, manganese, and copper) used in the manufacture of LIBs,
recycling is not only a profitable business, but a way to conserve the
natural resources.
Last but not least, the recycling of spent LIBs, in the conditions
in which their volume will increase exponentially is a sustainable
alternative, part of the circular economy with positive impact on the
environment.

Fig. 1. Historical prices from the last 10 years (2012-2022) [9]
Table 2: Estimated data for a financial year
Estimated
Price [9]
quantity
Product
($/kg)
(kg/year)

Annual
turnover
($/year)

Weight
(%)

2,375

77,425

6.50

Lithium
carbonate

32.6

Cobalt

72.5

10,688

774,844

65.02

Nickel

24.4

7,125

173,850

14.59

Manganese

1.48

7,125

10,545

0.88

Copper

10

13,063

130,625

10.96

Aluminum

2.6

5,938

15,438

1.30

Graphite
Plastic
Metal
housing

0.02
0.5

22,563
9,500

36.1
4,750

0.00
0.40

0.5

8312

4,156

0.35
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Abstract: The instant paper deals with the mechanism for capacity provision, which is instrumental for the operation of the capacity market.
The latter belongs to the wholesale electricity market and complements the energy only one. The capacity market is tasked with securing
reliable power generation under the conditions of imbalance and stress for the energy system. Capacity and energy only markets interact in
a consistent manner, thus their proper operation becomes crucial. The capacity market, however, seems to be expensive and few energy
systems throughout the EU rely on it. Therefore, it is important to draw a line between different capacity mechanisms already set up and
operated in terms of their most important features such as physical volume and clearing price setting. This analysis seems relevant for
policy-makers’ decision to adopt or to dismiss the mechanism for capacity in Bulgaria.
Keywords: CAPACITY MARKET, CAPACITY MECHANISM, ENERGY ONLY MARKET, TAXONOMY, RELIABILITY OPTIONS,
OBLIGATIONS FOR CAPACITY
generation and grid stress, makes investments into additional assets
on the energy only market more profitable.

1. Introduction
Energy-only markets reward electricity that is actually produced.
Like other goods/services, electrical power has been provided on the
wholesale and retail markets. The market for capacity belongs to the
wholesale one but does not supply electricity as usual. It supplies the
mere ability to provide the latter in terms of installed assets that are
ready to be (re)activated in order to generate electrical power in case
of emergency and shortage. Bad weather conditions, natural disaster
and/or industrial accidents may cause electricity imbalance economywide. Thus, the demand for is greater than the supply of power
leading to peak wholesale prices (since it is still expensive to store
energy and defer its consumption). The peak prices of electricity are
neither politically nor socially acceptable. The trade-off between
efficiency and equity is well-known issue in public economics [1]. If
the price per megawatt hour of power rises, albeit efficient, it
becomes unaffordable for low-income people who are at risk of
poverty. If the electricity price is set (artificially) low, the revenue
from power sales is not sufficient to cover even the operating costs of
enterprises. Then, albeit equitable, the price is inefficient. Such a
market constellation raises the ”missing money” phenomenon within
the energy sector [2]. Capital as a production factor becomes scarce
for additional investments in electricity generation. The “missing
money” problem and the political/social unacceptability of high prices
lead to insufficient capacity for energy generation, while its
consumption rises. In order to cope with such an imbalance, a
capacity market and its remuneration mechanism are established and
implemented. The capacity market operates parallel to the energyonly one. The purpose of the former is to reduce the intensity and the
level of peak energy prices [3].
Capacity for electricity generation has been supplied not only by
companies from the energy sector. Several big end consumers from
many different industries may also contribute to the capacity market
by modifying their energy consuming “behavior” any time the
national/regional energy system requires it. Large industrial
consumers track and know very well their own electricity
consumption profile and accept restricting the latter within a given
timeframe when and if an imbalance occurs. In exchange for their
demand-side response and flexibility, government programs
remunerate generously big non-energy companies. They are paid for
their efforts to mitigate the (regional/national) electricity grid
stress/shortage by limiting and/or deferring their electrical power
consumption. Demand-side response providers are considered as “an
increasingly valuable resource option whose …potential impacts are
expanded by grid modernization efforts” [16].
Despite the differences between the energy only market and the
capacity one, they consistently interact. Under the turbulent
conditions of ever-rising energy prices, impulses of interaction may
become more visible. In terms of illustration, by reaching a
predetermined high level, the electricity wholesale price per unit may
trigger the (re)activation of power plants’ production assets on the
capacity market. The latter influences vice versa the energy only
market. The rising wholesale price, which is an indication for power
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The design of the capacity mechanisms wherever they are adopted
and implemented varies due to a set of factors. They determine the
environment, where energy only and capacity markets operate in
parallel and the historically established relation “government-market”
intervention within the economy. Last, but no least, cost effectiveness
is an important factor for the adoption and operation of capacity
mechanism in the particular economy.
The statistics provides data for non-negligible public expenditures
remunerating companies that take part on the capacity market. In
2019 and 2020 the amounts paid to them were approximately €2,6
billion, while almost doubling in 2021 (~€4,9 billion). Costs of
capacity mechanism operation are going to rise slightly - for 2022
they are estimated at €5,2 billion [5], which is due to the adoption and
implementation of capacity mechanisms in Poland and Italy.
2. Taxonomy for capacity mechanisms
By the time of its liberalization, an important property of the
electrical power market EU wide was the “strong faith in energy
only markets” [6]. Though, the increasing share of renewable
sources in the EU energy mix marked a turning point in its reliance
on energy only market. The variable green energy leads to fewer
operating hours for the conventional power plants. Though, they
remain crucial, however, in case of peak demand (and prices). The
first capacity mechanism was designed and implemented in Spain in
1997 [15, 6].
An important property for the already liberalized EU energy
market today is its diversity. Some countries rely on the capacity
markets, while many others still consider introducing them.
Under the strategic reserve design, the capacity needed to
cover any imbalance of electricity generation and consumption is
set in a centralized manner, i.e. by a public institution (power grid
operator and/or public regulatory authority, which supervises the
energy sector).
The remuneration per unit of electrical energy is determined
throughout an auction or by a bilateral bargaining. In the strategic
reserve as a form of capacity mechanism, different energy
producers take part despite their technology and primary source of
electrical power generation. Under the strategic reserve design, all
of the producers are (re)activated any time the national/regional
energy system is prone to stress due to bad weather, natural disaster
and/or any other unforeseen circumstances. The capacity providers
reserve and maintain their production assets outside the energy only
market. In exchange for securing the electricity supply, providers
receive two kinds of cash flows. The first one is fixed and is
calculated in advance, while the second one is variable. The fixed
and secure cash flows are payments that reward capacity providers,
which are ready to be (re)activated in case of emergency for the
energy system. The variable ones reward the power already
generated and dispatched by the capacity provider.
The strategic reserve seems simple for design and
implemention. Entities participating usually reserve their production
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assets outside the energy only market and do not compete there. In
addition, the mechanism of strategic reserve may be useful in
preventing long established energy companies, exposed to financial
difficulty, from possible market exit. According to contracts they
conclude as capacity providers, the latter receive regular revenue
in exchange for guaranteeing the energy supply in case of
emergency. If it does not occur, energy companies in charge of
reserved capacity may not need to produce power at all. Therefore,
companies on the capacity market are in a position to generate
windfall (easy to make) profit since they do not incur operating
costs, while receiving fixed (generous) payments from the public
institutions [12, 5].
Keeping production assets ready for (re)activation and/or
“rescuing” enterprises in financial difficulty (due to obsolete
technology or primary source with high greenhouse gas emission
level) raise the issue of low efficiency inherent to the capacity
mechanism in terms of strategic reserve.
Obligation for capacity provision is an alternative design of the
mechanism for capacity, where providers of the latter conclude
contracts in a decentralized manner. As a result, the level of market
prices is discovered, at which demand for almost balances supply of
capacity, which is ready for power production. Under the obligation
for capacity design, contracts have been concluded with a mid-term
time horizon of delivery (i.e. for three years). The latter is in line
with the mid-term position of the capacity mechanism between the
long-term power purchase agreements and the short-term energy
only markets [6].
The public entity (the energy system operator, ESO and/or the
public regulator) may intervene via two possible routes in order to
curb the capacity mechanism. Firstly, the public institution provides
in detail the requirements for adequate electricity supply (i.e. the
maximum hours per year without power, which are acceptable for
the community). With reference to the latter, any provider of
capacity calculates and determines its individual contribution in
order to satisfy the centrally established requirements and
parameters for adequate operation of the energy system.
Alternatively, the public institution (ESO/the regulator)
estimates in a central manner the cumulative obligation for capacity
provision economy-wide. The applied methodology is set to
precisely predict the total (in megawatts), which is consistent with
the adequacy level of the national/regional electricity system.
Moreover, ESO/the regulator establishes some reserve margins for
the capacity volume needed to guarantee the adequacy requirement
[6]. The prospective capacity providers usually need to undergo a
certification procedure three to four years prior to delivery, while
the validity of their certificates is revisited annually. The design of
the obligation to provide capacity extends the set of participants. In
addition to energy producing firms, large end consumers coming
from energy-intensive businesses are also allowed to acquire
obligation for capacity. These businesses are capable to flexibly
managing their electrical power consumption. Some of the demandside responding operators may deploy energy storage technology.
The capacity auctions is another mechanism design, under
which the particular amount of capacity for energy generation and
supply is determined in a central manner for the upcoming years.
The national grid operator (ESO) and/or the public regulator of the
energy (utilities) sector intervene in order to properly determine the
correct capacity (in quantitative terms). The other important
parameter – the remuneration - has been discovered throughout
auctions that hold regularly. They are in charge of price
“discovery”, which is the most transparent and market-conform
procedure. After the clearing price is “discovered”, it becomes valid
for all participants: incumbent and newly established ones, despite
their technology and primary energy source for generation of
electrical power. Therefore, capacity auctions firmly adhere to the
concept of non-discrimination in its most relevant aspects –
companies’ “age”, energy source, technology of generation,
residency (domestic or abroad).
Drawing a parallel between the highly regulated energy and
stock markets, some scholars highlight the role national institutions
may play in securing their smooth operation [16]. No doubt,

institutional capacity matters for making the mechanism of (energy)
capacity operational. Though, this issue remains outside the subject
of the instant paper.
While under the other so far discussed forms of capacity
mechanisms the object of delivery are physical assets for production
and supply of electricity (the physical capacity), under the
reliability options (RO) there is an additional one. The options
constitute a financial instrument. ROs are most suitable in case a
long-term and persistent risk of insufficient energy supply has been
identified throughout the given energy system [8]. Initially, the
contours of such a capacity mechanism and the derivatives on it can
be traced to Colombia, Italy and Ireland [9, 12, 14].
Like other financial derivatives, the reliability options constitute
a contract between two parties. The buyer is the national grid
operator, resp. the regulator of the utilities sector. The public
authority acts for the sake of public interest, which is a relevant
difference to the rest of financial derivatives. The buyer (the public
institution/authority) and the seller conclude the option contract at a
fixed price, i.e. the strike one. The national grid operator, resp. the
energy sector regulator use it as a hedging instrument against the
price volatility on the energy market. There, the buyer of RO acts as
a monopsony representing the society. The sellers of the reliability
option, on their turn, are different capacity providers, interested in
receiving secure income (premium) from the option contract [7].
A crucial design parameter of the reliability options is the
strike price that has dual tasks [7, 13]. On the one hand, it is set in
order to secure stable prices on the energy markets, and on the other
hand – to facilitate further investment into additional productive
assets for electricity generation. In case the market constellations
indicate some risk (stress) for the energy system, the spot price
becomes bigger than the strike one. Under these conditions, the
buyer will exercise the reliability option and the seller is obliged to
provide both – the physical volume (of capacity) and the electrical
power.
The difference between the spot price and the strike one
burdens the seller (i.e. the capacity provider) with additional costs.
Seller’s company suffers a financial loss, as it is obliged to deliver
the energy at the lower strike price set previously in the option
contract. In fact, the income of the capacity providing company is a
product of the quantity of electrical power dispatched multiplied by
the strike price (that is lower than the spot one by the time of
delivery) [7].
In order to compensate the financial loss, the seller may provide
power on the spot electricity market too as the current price there
guarantees plenty of revenue. Delivering power on the electricity
only market is a realistic behavior in case the seller of the reliability
option is capable to generate more electricity than the quantity of
the latter delivered in case the option is exercised. If the seller is not
capable to provide the power according to the option contract, they
will also suffer a financial loss. The seller has to buy the contracted
electrical power at the higher price on the energy only market.
What happens if the spot price exceeds the strike one? In such a
constellation, the market functions as if the reliability contract was
not there, with all electricity consumed being settled at the spot
price [6]. In exchange for the right (but not the obligation) to
exercise the reliability options, the buyer pays a pre-determined
premium to the other contracting party. Thereby, the seller of the
reliability option secures a cash flow in terms of fixed premium in
all hours despite the spot price level [6].
From the above analysis, some conclusions about the reliability
options can be drawn. Firstly, they are similar to the long call
options with a buyer usually a public institution, and the seller –
capacity providing companies. Secondly, in period of stress and
emergency for the energy system both capacity for generation and
electrical power need to be physically delivered. Thirdly, financial
resources have been exchanged between buyer and seller of
reliability options. Fourthly, end consumers in terms of households,
public organizations, enterprises despite their size and economic
activity do also benefit from the options, since the former are
financially protected against peak prices in times of electrical power
shortage.
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The capacity payments constitute a separate design of the
capacity mechanism. It remunerates a unit of capacity for electricity
generation at a fixed price determined in advance. Crucial
properties of the capacity payments design are the security and
adequacy of the energy supply. Both parameters sound like
synonyms, nevertheless they differ, having regard to different
dimensions of the electricity system.
The adequacy of the latter requires reliable power supply in the
long-term. It depends upon several important determinants such as
potential for power generation – incumbent and/or new enterprises,
development and deployment of (new) technologies, adoption of
low carbon ones, capacity of the electrical grid and the related
infrastructure. For example, smart grids attaches a new property to
the energy network since the latter is capable to monitor
automatically electricity flows and accordingly to react to changes
in demand and supply. On its turn, the security of the energy system
concerns reliable rebalancing of demand and supply in case sudden
imbalances of electricity generation emerge. Thus, security of
energy supply requires short-term solutions and governance of the
currently operating capacities for power generation. The security of
energy supply depends also on the current potential of the electricity
grid to provide connectivity for additional (and diverse) energy
producers [10, 13].
Some scholars consider capacity payments as the simplest
design of the mechanism for capacity [6]. Bearing in mind the
relation “security - adequacy” with regard to energy delivery,
however, it seems too complex a task to properly define two
components within the payment’s structure. The first one has to
remunerate the adequacy (the long-term property of supply), while
the second one – to reward the short-term one. An additional
complexity is the price setting per unit of the total capacity, despite
differentiation of remuneration in terms of already established
enterprises and newcomers. In some cases the contracted amounts
of remuneration is set according to the type of load the participants
provide – basic load, low emission and/or renewable one.
Table 1 shows some of the main design properties of the
capacity mechanisms discussed in this paper.

Capacit
y Auction

National
volume – set by
CA

Remunerati
on –set by
auction and
valid for all
participants

Nondiscrimination
in most
relevant
dimensions

3. Conclusion
The analysis of the above mentioned properties and important
parameters of different alternatives for establishing and
implementing a capacity mechanism provides useful clues for
deciding whether the energy system needs the energy only - and the
capacity market operating simultaneously. Throughout the looming
energy crisis where the electricity prices are rising to unprecedented
levels, any measure or set of concerted measures to calm prices
down seems worth exploring and highlighting.
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Abstract: The issue of decision-making on the formation and optimization of the investment portfolio is in the field of attention of both large
investment companies and private investors. In the presented work the developed information system for investment portfolio analysis is
offered. The proposed information system focused to new private investor and allows to independently assess the effectiveness of the
investment portfolio by comparing the dynamics of growth of shares available on the financial market.
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multicriteria decision-making and clustering, as well as using
interval fuzzy formalism decision-making [7-8].

1. Introduction
Investments in securities are one of the main directions of any
financial market. An example is the intensification of recent years
of buying shares of large international companies and
cryptocurrencies and serves in accordance with the growth of their
values. The further development of the securities market requires
proper consumer information about the characteristics of financial
products.

The Internet has a wide range of specialized software products
for financial risk management through in-depth analysis, reporting
and modeling of investment scenarios. Examples of the most
famous
of
these
are
the
platforms
Riskalyze
(https://www.riskalyze.com),
LogicManager
(https://www.logicmanager.com),
CammsRisk
(https://cammsgroup.com),
Sharesight
(https:
//
www
.sharesight.com),
Looker
(https://looker.com),
FundCount
(https://fundcount.com),
HiddenLevers
(https://www.hiddenlevers.com), Ziggma (https://ziggma.com ) and
the Arbor Portfolio Manager risk management system
(https://arborfs.com). These are professional investment portfolio
management software products designed primarily for executives,
financial advisors, asset managers and portfolio managers [9-10].

Available visual information about the financial product will
allow the consumer to assess whether it meets the selected active
needs and whether the consumer is willing to accept the inherent
risks of such a product. Also, providing reliable information before
the conclusion of the agreement will increase confidence in
financial institutions and, accordingly, increase demand in the
financial market and attract new customers to financial institutions.
Thus, clear provision of reliable information to the consumer about
financial products available on paper, as well as the use of
investment instruments, should be a significant factor in increasing
the income of citizens in the securities market [1-3].

The article develops an information system to support decisionmaking in the formation of the securities portfolio, which is focused
on domestic private consumers. The service is aimed at Ukrainianspeaking audiences, and a simple and clear interface allows nonprofessional or low-skilled investors to make decisions on the
formation and optimization of the investment portfolio.

In Ukraine, there has recently been a significant increase in
interest in the problems of investment theory [4]. The part of private
investors who are willing to invest in financial instruments is rising.

3. Solution of the examined problem

The task of optimizing investment portfolios is considered a
special case in investment theory. The optimal distribution of the
investment portfolio should provide the best return while
maintaining the lowest risks. At the same time, the use of special
mathematical methods and information tools to support decisionmaking makes possible effective investment activities.

To analyze the data, a feature has been created that downloads
stock data from the information source of financial information
provider YahooFinance (https://finance.yahoo.com) using the
Pandas library in .csv format [11].
The main page of the presented platform provides introductory
information for beginners, which will help to understand how to
properly weigh the risk and make decisions during the formation of
the investment portfolio. The main theses described on the home
page will tell the user exactly how to reduce risks and manage the
investment process.

As one of the means of effective optimization of the portfolio
solution is the use of mathematical methods and information and
communication technologies [5-6]. These tools are used to make
investment decisions by analyzing data obtained from stock
markets, assessing parameters, identifying and solving problems of
the optimal portfolio, which allows balancing the shares of assets in
terms of portfolio return to risk.

It is known that most of the information encountered by the
investor is in tabular format, and according to the methodology of
scientific knowledge, people are more receptive to visualized ways
of presenting the information. Based on this, the process of
visualization is taken as the basis of the newly created information
system, which represents the available tabulated information in a
structured form of diagrams, graphs, charts.

2. Prerequisites and means for solving the problem
Given that the return on assets is stochastic, investors allow
optimization of MPT with the inclusion of transaction costs for
investments and the addition of certain restrictions on asset
categories and divisions of investment periods. Optimization of the
portfolio content can take into account not only the data available in
the past but also requires additional analytical research of expert
opinions. It is worth noting that the method of taking into account
the subjective assessment of experts conducted by different groups
sometimes leads to significant differences of opinion about the end
result. The solution of portfolio problems related to the reduction of
investment risks, which is more acceptable to investors, is
performed through formalization and quantification of risk through

The user has the opportunity to assess the dynamics of changes
in the price of the financial instrument on the chart (Fig. 1) and, to
analyze the graphs, taking into account the overlap of the moving
average.
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formation of the investment portfolio and investment risk
management is published on the Internet at: https://risk-investmentportfolio.herokuapp.com

Fig. 1 Price overview page with moving average overlap..

The system of basic analysis makes it possible to visualize the
risk of non-compliance with the profits of each activity based on the
analysis of the daily trend of price changes in action.
The proposed information system allows potential investors to
independently assess the effectiveness of the investment portfolio
by comparing the dynamics of price growth of shares available on
the financial market. When compiling an optimal portfolio, the
correlation indicator between instruments is important. The user of
the system can obtain both the correlation visualization (table and
heat map) and the numerical characteristic found using the Pearson
correlation coefficient.

Fig. 2 Expected returns and risk for the selected investment portfolio.

As a result, (Fig. 3) in the form of a diagram visualizes the
optimal filling of the investment portfolio.

An important feature of the system is the ability to predict the
price of a financial instrument. SARIMA stationary series
prediction methods were used, and the two most common methods
for verifying stationarity were implemented: visualization and
Dickie-Fuller test (ADF). The evaluation metric used to search the
parameter set is the AIC value (Akaike Information Criterion).
To manage the portfolio, the system implemented the
calculation of annual profitability and volatility for each instrument
and for the portfolio as a whole. When calculating the efficiency of
the portfolio, Sharpe's ratio is used, which is the ratio of the
expected excess return of the portfolio to its volatility.

Fig.3 Diagram of the result of rational distribution of portfolio assets.
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The system allows you to create different sets of portfolios to
further select the best one. The Monte Carlo simulation of the
construction of various randomly formed scales for basic
instruments is applied. Visualization of the ratio of profit and risk of
simulated investment portfolios allows the investor to assess the
minimization of risk for a given level of profitability. And the
calculated values of expected return, risk Sharpe's ratio help to
choose the optimal result.
The results of the analysis are presented visually. The table also
shows the corresponding values for the analysis of the expected
profitability of the selected portfolio solution [12].

4. Conclusion
The web-based solution will help to analyze and forecast
portfolios in real-time by available types of shares of different
companies. This solution will help the investor to find the optimal
content of the portfolio and minimize possible investment risks.
The novelty of the presented information system to support the
decision-making of the securities portfolio is the ability to visually
compare the assets available on the financial market in order to fill
the investment portfolio in the relevant equity participation. The
service is focused on the Ukrainian audience, and the application
interface allows the client, based on historical data on the value of
assets, to determine the share price and create a set of assets based
on the forecasts offered in the system.
The created product is a web-based system for risk analysis in
the investment portfolio of stocks or cryptocurrencies. The newly
created information system to support decision-making in the
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Abstract: Knowledge management relates to the vast majority of business-processes at enterprises in knowledge-intensive sectors, such as
nanoindustry. In particular, all stages of the new products’ creation, i.e., research, development, launch of the production line,
manufacturing and operation, are associated with the new knowledge generation. However, one can find numerous inefficiencies in the
existing business-processes due to a lack of communication and poor data handling. Although the financial consequences of ignoring these
problems are significant for the enterprises, the absence of step-by-step solution plan and human resource overload make it necessary to
look for different ways to solve the issues related to this topic. In order to successfully solve the detected problems and thus ensure support
for the further development of the knowledge management system, five key directions were formulated based on the interviews with
stakeholders.
Keywords: KNOWLEDGE, KNOWLEDGE MANAGEMENT, NANOINDUSTRY, STAKEHOLDERS
Table 1: Suggested matching between the stages of micro- and
nanoelectronics technology life cycle, specific types of technology
development activities, and the key groups of stakeholders participating in
these activities.

1. Introduction
Being one of the essential spheres of Industry 4.0, nanoindustry
is among the most knowledge-intensive sectors. Indeed, the
organizations linked to micro- and nanotechnology are constantly
generating and consuming data, information, and knowledge.
Analyzing the other companies’ attempts to improve the
corresponding business-processes in order to achieve higher
productivity, one of the most promising ways is the development of
knowledge management system.

Life cycle stage
Initial research
Inflated
expectations
Trough
of disillusionment
Slope
of enlightenment
Plateau
of productivity

This system is applicable at least in three key aspects of
innovative organization, particularly in the social, commercial, and
scientific-technical activities. For example, after establishing the
direct communication between the fundamental research groups and
development departments, the problems can be formulated and
solved faster. This, in turn, allows to allocate the precious highlyqualified specialists to the new projects. Stronger project teams
stimulate the advances in the fundamental and applied research as
well as provide the opportunity to create new products. Thus, the
organization does not only faster gains intellectual capital, but also
increases its revenue. Similar chain effects set the ground to
develop and run a knowledge management system in organization.

Activity

Agents

Fundamental
research
Applied
research
Study
of requirements
Implementation
in production
Analysis
of operation

Universities and
academic institutes
Industrial institutes
Customers
Manufacturers
Consumers

More than 60 years of progress in microelectronics allows to
certainly locate its position at the life cycle curve, and it is at the
productive stage. That means that in order to develop an advanced
knowledge management system, one requires to account for the
needs of all types of participants in knowledge-generation
processes.

The fastest way to launch such a system would be to integrate
one of the ready-to-use knowledge management tools or adjust one
of the multiple knowledge management models developed by
several research groups who studied the innovation process in
companies since 1970-s. Unfortunately, none of these instruments
are task-specific enough, i.e. they do not account for the dynamics
and variability of technology development, so there is no
straightforward recipe for implementing an information system at
microelectronics enterprises using one of them. This implies that
specific organizations are involved in different types of knowledge
generation activities. Moreover, one can denote these groups as
knowledge sources and classify them by their roles and functions.

3. Stakeholders demands
Based on results of the initial round of interviews with the
agents both within and outside the research organization, five topics
were formulated as the issues where lack of either communication
or information analysis lead to some form of inefficiency, e.g., loss
of revenue or irrational resource consumption. We will now work
through each task and consider the opportunities to address the
stakeholders’ requests.

3.1. Accessing the lessons learned

2. Knowledge sources

The experience gained while working on projects is extremely
valuable because it can help you avoid making similar mistakes in
the future. After being analyzed, the accumulated knowledge
provides the project leaders an opportunity to manage time and
money more cost effectively. Besides that, the obtained results
might help to assess the organization's capabilities in terms of
research and development speed, holders of expertise, and
opportunities within the collaboration partner network.

Table 1 illustrates the attempt to match the stages of technology
life cycle as exemplified by the field of micro- and nanoelectronics
to the types of activities which are related to the knowledge
generation [1]. One can observe that the transition to the next level
of technology’s development shall trigger both the new sources of
knowledge and some new streams of information that must be
carefully gathered and analyzed.

Currently the company does not have even an electronic
database of stored project documents. Their scans are stored in the
individual folders of various department employees who have been
assigned the processing of specific project after its completion.

It shall also be stated that due to the complexity of the field,
there are multiple branches in microelectronics, which go through
the same steps during their evolution. In case all the obstacles to the
development of such a branch which make it incompatible with the
core technology, are resolved, then the technology itself becomes
part of the micro- and nanotechnology.
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3.2. Assembling a project team

4. Results and Discussion

One of the biggest challenges for launching the new projects is
the staffing. It is quite frequent when the assigned project leader
needs to find several researchers or developers with relevant
experience as well as new unqualified members with the right
motivation.

We have found five issues which can be tackled using the
elements of prospective knowledge management system. These
points are considered as the candidates for the “quick wins”, where
the members of associated business functions will notice the
positive impact of initial steps of knowledge management system
development. This will also facilitate the integration of this system
into organization’s business processes related to knowledge
creation.

The current common practice in this regard is escalation to the
management level for further search of staff among different
departments. However, the project leader could conduct the primary
search for candidates based on their activity in previous projects and
provide the suggestions or even conduct one-on-one interviews
before that.

5. Conclusion
Developing a knowledge management system for the enterprise
in nanoindustry involves identifying the internal and external
stakeholders, their roles and functions. In order to successfully
implement and anchor the solution, we identified the issues with
highest impact on the revenue and employee productivity, which
could be solved using certain elements of the prospective
knowledge management system.

3.3. Customer development
The surest way to bring in more revenue is to make a product
that is in demand. In turn, in order to ensure demand, it is necessary
to involve the customer in the development of the product. By
consistently testing hypotheses, project teams will be able to
identify true needs and develop exactly the solution systems that
will meet them.
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Currently, this information is transmitted through several levels
of institutions via the terms of reference, which may have very little
in common with the true voice of customer due to the written
document format restrictions and time delays.

3.4. Innovation and technological intelligence
In order to improve the enterprise positioning, one shall
continuously perform a detailed analysis of commercially available
products and technologies, as well as scientific achievements. These
measures, also known as technological scouting, allow to make a
more accurate picture of available microelectronic technologies on
the market [2].
This type of market and scientific research is not carried out on
a regular and centralized way, but rather delegated to the technical
leaders of the relevant fields. They get this information when they
attend events, study the publications, and communicate with
colleagues.

3.5. Root-cause analysis of defects
Defects are random nanoscale imperfections that characterize
the nonideality of real devices. These defects impact simultaneously
not only the performance of single devices, but also the yield of the
whole production line.
The statistical process control which is currently the primary
tool of quality management in nanofabrication, does not provide
sufficient information on the source of the problem.
Digital twins will allow to perform the complex analysis and
localize the source of the issue minimizing the time spent on
experimental testing of hypotheses suggested by the board of
experts.
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Abstract: The aim of this article is to emphasize the importance and significance of deacidification as an important and basic conservation
process in the preservation of written paper collections. This is a process in which buffer substances are introduced by processing the paper
collections, which maintain the pH of the paper within optimal limits for storage. At the same time, they eliminate the possibility of
oxidation-reduction processes during future long-term storage. Relatively few chemical reagents are known in practice that have the ability
to neutralize acids in paper documents. These are sodium, barium, magnesium, some saponins, amines, borates, phosphates, some polymers
of alkaline salts of organic acids. The development of deacidification as a conservation process has been followed and it is concluded that it
does not develop rapidly, but is accompanied by too much hesitation and caution. Mass deacidification processes are expensive and cannot
provide the desired result and lead to the introduction of essentially different methods. Along with the advantages and disadvantages of each
method, the quantitative and qualitative condition of the collections, the institutions find it difficult to select the most appropriate one to be
applied to their collections. Bookkeeper, PaperSave Swiss and Bückeburg are listed as effective deacidification methods. These three
methods are highly valued as applicable to mass deacidification of documents, in terms of potential for innovation, improvement of
mechanical strength and existence, pH and alkaline reserve, cost and risk assessment.
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paper. Over time, acid-catalysed hydrolysis of the cellulose chains
occurs, which shortens the fibre lengths shown in Fig.2.

1. Introduction
The reasons for the natural aging of written collections and
documents on paper are determined by interrelated and complex
factors. A significant part of the damage to books and periodicals is
due to the oxidation of paper - a process associated with increasing
its acid content.
The reasons for the increase in the acidity of the paper could be
grouped in the following sequence:
1) acidity obtained by natural destruction and degradation of
cellulose during its oxidation;

Fig. 2 Hydrolysis of cellulose chains [1].

2) acidity obtained from the aluminium sulphate included in the
structure of the paper during its sizing;

This reduces the strength of the paper and makes it yellow.

3) acidity obtained by the catalytic oxidation of heavy metals
(iron) found as contaminants in the paper;

It was found out that the pH of the paper should be between 6
and 7.5. Paper with a pH lower than 5.5 is considered to have an
increased acid content, and paper with a pH higher than 8 is
considered to have an increased alkalinity. Deacidification is a
process in which single or mass processing of paper documents is
carried out by adding buffer substances to the composition of the
paper, which maintain the pH of the medium in optimal conditions.

4) acidity of the inks.
It has been shown that various types of washing in alcoholic or
other solutions can remove acid deposits in the paper resulting from
the dissociation of aluminium sulphate.
Acidity derived from acidic atmospheric gases and the oxidative
action of heavy metals (such as iron, copper, etc.) can also be
removed by converting iron compounds from insoluble to soluble
forms (by complexing agents, such as oxalic acid treatment) and
others.). The acidity of the inks is neutralised in the restoration
process.

2. Prerequisites and Ways to Solve the Problem
Currently, relatively few neutralizing substances are used in
conservation and restoration practice. These are: the hydroxyl
carbonates of magnesium and calcium (Barrow), magnesium acetate
(Langwell), magnesium methoxide (Smith), barium hydroxide
(Baines - Cope), ammonia gaseous state or solution, etc. The
neutralization procedures of the archival or library funds are
conditionally grouped depending on the environment in which the
neutralization of polystyrene manual processing (in aqueous or
organic solutions) and mass neutralization (gas phase) are carried
out. Despite some shortcomings, Barrow's methods are still the
most satisfactory. Both methods, used worldwide, deacidify the
paper, wash away polyglucuronic acids and their accompanying
stains from cellulose oxidation, and precipitate buffer salts on the
fibers to inhibit the further action of the acids. The first Barrow
method uses two solutions. The documents were initially immersed
in a saturated solution of 0.15% Ca(OH)2 for 20 min. The acid of
the paper is neutralised and a residue of Ca(OH)2 is retained on the
paper. The documents were then immersed for a further 20 min in a
bath containing 0.20% calcium bicarbonate Ca(HCO3)2. Ca(OH)2 is
partially used to neutralize the acid, and the excess binds to the
bicarbonate to form calcium carbonate CaCO3, which precipitates
on the cellulose fibres. The Barrow solution of Ca(HCO3)2 is
prepared by bubbling CO2 through an aqueous suspension of
CaCO3 in H2O:

The problem of effective neutralization of library holdings is
related to the basic acidity obtained from the accumulation of acidic
carboxyl groups resulting from the natural degradation of cellulose.
As the number of free COOH groups increased, paper destruction
increased almost in arithmetic progression. Figure 1 shows
schematically the structure of the paper.

Fig. 1 Paper structure [1].

The hydroxyl groups in each cellulose chain form a hydrogen
bond between the chains, which is the basis of the structure of the
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Са  OH 2  H2 SO4  CaSO4  2H 2O
Са(OH )2  Са( HCO3 )2  2CaCO3  2H 2O
CaCO3  H 2 SO4  CaSO4  CO2  H 2O

research, he contributed to the anhydrous deacidification of books.
It introduces magnesium methoxide Mg(CH3O)2 into volatile
solvents in the paper in order to neutralize the acid and provide the
favourable alkaline buffering needed to prevent re-oxidation. Smith
prepared it by adding metallic magnesium to methyl alcohol:

(1)
(2)
(3)

Mg 2  2CH3OH  CH3O 2 Mg  2H 

Barrow's first deacidification method to remove the acidity of
paper
Although CaCO3 is layered in too small an amount, it is enough
to protect the paper from any future acid impact. The second
Barrow method is applied to documents with lower acidity and
consists of a single immersion of the documents in a solution of
magnesium bicarbonate Mg(HCO3)2, which is again obtained by
bubbling CO2 through a suspension of MgCO3 in H2O. Saturated
solutions of these two salts enter the conservation practice under the
name - Barrow's buffers.

MgCO3  CO2  H2O  Mg  HCO3 2

Mg  HCO3 2  H2 SO4  MgSO4  2H2O  2CO2

Anhydrous deacidification of Smith
Mg(CH3O)2 is highly effective in neutralizing H2SO4, but due to
its affinity for water, it is difficult to prepare. Reacts with the
moisture contained in the paper to form the neutralizing magnesium
hydroxide Mg(OH)2.

Mg  CH3O2  2H2O  Mg OH 2  2CH3OH

(4)

(6)

MgCO3  H 2 SO4  MgSO4  CO2  H 2O

(7)

However, the penetration of the Mg(OH)2 thus formed into the
paper is inhibited by the gel formed by exposure to Mg(OH)2 to
water vapour. In addition, CH3OH is extremely toxic and
flammable.
Smith later developed a solution of magnesium methoxide in
methyl alcohol (1 part) and trichlorotrifluoroethane (3 parts), which
he considered non-toxic and flammable and capable of transporting
magnesium methoxide deep into cellulose fibres without gelling.
After drying by evaporation, Mg(CH3O)2 is converted by reaction
with the natural moisture content of the paper into Mg(OH)2 and
CH3OH:

Barrow's second deacidification method to remove the acidity
of the paper
The disadvantages of Barrow's methods are that they could not
be applied to documents written with water-soluble inks and that the
process is expensive.
When the paper is immersed in a solution, one of Barrow's
buffers becomes ion exchange between the cations of salts and
hydrogen from the COOH groups of cellulose and its oxidation
products:

2RCOOH  Са  HCO3 2   RCOO2 Ca  2H2O  2CO2

Mg  CH3O2  2H2O  Mg OH 2  2CH3OH

Mg  OH 2  H2 SO4  MgSO4  2H2O

Mg  CH3O2  H2 SO4  MgSO4  2CH3OH

Aqueous processing of documents is a kind of deacidification,
as polyglucuronic acids, other soluble products of photochemical
decomposition of cellulose, are washed away from the paper.
Washing does not deposit a neutral buffering agent in the paper. For
cases where water-soluble inks and dyes do not allow immersion in
water, deacidification procedures are performed on valuable written
materials using solutions of barium hydroxide Ba(OH)2 in methanol
CH3OH. Ca(OH)2 is insoluble in organic solvents and therefore
cannot be used for anhydrous systems. Cope obtained similar results
with Mg(HCO3)2. This method is applied either by spraying or by
immersing the document in a 1.9% solution of Ba(OH)2 in CH3OH,
followed by air drying. During drying, the excess Ba(OH)2 is
converted from atmospheric CO2 to BaCO3, which precipitates on
the cellulose fibres and acts as a buffering agent:

(10)

BaCO3  H 2 SO4  BaSO4  CO2  H 2O

(11)

(15)
(16)

Any excess hydroxide reacts with CO2 from the air to form the
desired buffer salt - MgCO3:

Mg OH 2  2CO2  MgCO3  CO2  H 2O

(17)

It neutralizes any acid subsequently introduced into the paper:

MgCO3  H 2 SO4  MgSO4  CO2  H 2O

(18)

Deacidification with magnesium alcoholates also results in
inhibition of metals (iron, copper, cobalt, etc.) contained in the
paper as contaminants. Inhibitory reactions produce colour
compounds known in restoration practice as “foxings” or “rust
spots” [2-6].

(9)

Ba OH 2  CO2  BaCO3  H2O

(14)

The hydroxide then reacts with any traces of sulphuric acid,
converting it to MgSO4, CH3OH and H2O:

(8)

Ion exchange at Barrow buffers

Ba OH 2  H2 SO4  BaSO4  2H 2O

(13)

Preparation of Mg(CH3O)2 by the Smith method

(5)

Mg  HCO3 2  CO2  MgCO3  2CO2  H2O

(12)

3. Solution of the Research Problem
Smith established an effective method of deacidifying books
and documents. This method contributes too much in the field of
conservation and restoration not only with what can now be
realized, but also because of its potential for mass deacidification of
books. Smith proposed such a method while simultaneously
strengthening the weak paper with acrylic resins in a common
solvent with magnesium methoxide. Researchers at the Technical
University of Washington are developing a method for the
simultaneous deacidification and hardening of paper by
impregnating it with sodium salts of carboxymethylcellulose. These

David Baines-Cope deacidification procedures
The advantage of this method is that it can be applied to
documents with with flowing texts by spraying. The disadvantages
are that both Ba(OH)2 and CH3OH are toxic, that the process does
not wash polyglucuronic acids from the paper, and some modern
twentieth-century inks are soluble in alcohol. Another British
restorer, Langwell, has successfully used solutions of 6%
magnesium acetate in CH3OH to deacidify paper, as well as to
deacidify tissue that will be used for hot lamination. In R. Smith's
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PaperSave Swiss – developed in Switzerland as a third
generation Batel process, but with an improved control and
flexibility system. The active reagent in this process is a
composition of magnesium and titanium ethoxide, also known as
METE, dissolved in hexamethyl disiloxane (HMDO). The method
is based on stages in which the composition of magnesium and
titanium ethoxide reacts with the factors of humidity and acidity on
the paper. The ethyl alcohol resulting from the reaction is removed
during the ventilation phase, while magnesium and titanium
hydroxides react with carbon dioxide in the air, turning into
carbonates and thus remaining as alkaline reserves inside the paper.

salts neutralize the acid and at the same time improve the strength
of the paper.
Bernard Walker proposed another organic derivative of
ammonia – morpholine, which can be used to deacidify documents
in a special chamber under vacuum.
For severely damaged documents, which are dangerous to
immerse in an aqueous solution, as well as for inks that are not
resistant to water procedures, the method of Belenkaya and
Alekseeva is used. With this method, the documents are both
strengthened and deacidified. It consists in the preparation of
borate-borax buffer, to which glycerin is added for softening and
methylcellulose for sizing.

The PaperSave process works in full automatic mode, involving
a minimum of human intervention, the reduction of acid content has
a very high quality standard, and its disadvantages are that it
requires more work space and budget.

Mass deacidification processes are expensive and cannot
provide the exact desired result and lead to the introduction of
essentially different methods.

The Bückeburg process was developed in Germany by the
Neschen Company in 1996 and has been used to reduce the acid
content of documents in 20 different parts of the world. Documents
are deacidified with Mg(HCO3)2. Among the mass deacidification
processes, Bückeburg's advantages are that it is water-only,
harmless to documents and the environment. Most suitable for
deacidification of newspapers and written documents, mobile The
problem is that the books have to be untied, which leads to an
increase in the thickness of the books. Also, all those sensitive
documents that are written with waterproof inks could not be
deacidified by this method [7-9].

Fig. 3 Mass neutralization of paper.

4. Conclusion
All deacidification methods are based on the use of alkaline
earth metal salts, remove defects from the technological process of
obtaining paper, causing low pH, free the paper from the products
of destruction accumulated during its storage and create a buffer in
the paper-alkaline reserve, guaranteeing its neutral pH value for a
long period.

Along with the advantages and disadvantages of each method,
the quantitative and qualitative state of the collections, the
institutions find it difficult to choose the most appropriate one to be
applied to their collections.
The EU's Paper Treat project involving many national libraries,
state archives and research institutions, put into practice, identified
Bookkeeper, PaperSave Swiss and Bückeburg as effective methods.
These three methods are highly regarded as applicable to mass
deacidification of documents, in terms of the potential for
innovation, improving mechanical durability and existence, pH and
alkali reserve, cost and risk assessment.

Institutions that hold valuable written collections, such as
national libraries and archives, should be aware that mass
deacidification systems can slow down the process of document
destruction, but cannot completely prevent the chemical changes
that occur in organic matter, such as paper.
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The Bookkeeper process is based on placing MgO particles on
the surface of the paper using per heptane. MgO reacts with the
structural humidity of the paper to convert to Mg(OH)2.
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Disinfection and dye adsorption efficiency of functionalised nonwoven adsorbent for
household textile laundering
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Abstract: The efficiency of an adsorbent has been investigated for the removal of released textile dyes and micro-organisms during
household textile laundering. The results show that laundering with the addition of the striped adsorbent and IEC A* detergent reduced the
higher log step reduction of Sa (more than 4 log steps) compared to laundering without detergent (2.62 log step reduction), or laundering in
a blind bath (1.61 log step reduction). The sorption efficiency of the functionalised nonwoven adsorbent is limited, capable of adsorption of a
maximum of 0.1 g/L of reactive dye from the washing bath. Laundering in a bath of 20 °C, with the addition of a striped textile adsorbent or
in combination with detergent IEC A*, does not prevent biocontamination of the washing bath and textile load.
Keywords: TEXTILE, HOUSEHOLD LAUNDERING, DISINFECTION, DYE ADSORPTION

methods are available, but they are not all suitable for textiles [2024].

1. Introduction
The main purpose of household textile laundering is the
removal of impurities, which consist mostly of a mixture of
inorganic and organic components and micro-organisms. Domestic
textile laundering is a complex process where significant amounts
of electric energy and water are necessary for ensuring appropriate
cleaning and disinfection efficiencies. At the same time, it still
produces large amounts of laundering wastewater containing
undissolved organic and inorganic impurities, dyes/ pigments, as
well as waste detergents [1, 2]. Thus, the laundry process still
requires separation of the textiles according to the composition (e.g.
cellulose, PES, PA, wool, silk), colouring (different types of dyes
and pigments) and degrees of impurities, and, further, the selection
of a suitable detergent/disinfectant concentration, laundering
programme and parameters (temperature, agitation intensity,
spinning degree), all of which are contrary to the principles of
“user-friendly and simple laundry”.

In our research we focused on the evaluation of the dye
adsorption and disinfection efficiency of functionalised nonwoven
adsorbent during a household textile laundering. With regard to the
defined aims of the research, the following main procedures were
performed: Selections and evaluation of the striped adsorbent,
laundering in a household drum washing machine (laundering
without and with the addition of adsorbent strips), evaluation of
dye-adsorption and disinfection efficiency regarding the laundering
procedure.

2. Experimental part
Different laundering procedures were performed, with the aim
of evaluating the dye re-deposition from the laundering bath onto
the striped adsorbents and textile fabrics, as well as disinfection
efficiency. The laundering bath (blind bath) of the first procedure
contained only a ballast load and textile bioindicators, while into the
second laundering bath was added a dye solution, which was
injected into the laundering machine with a peristatic pump. The
bath of the third laundering procedure contained all the
components: Base load, textile bioindicators, dye solution, IEC
detergent and standard cotton fabric. All laundering procedures
were performed twice. First without and then with the added
adsorbent strips. The composition of the performed laundering
procedures are shown in Table 1.

One of the frequent difficulties is the re-deposition or transfer of
dyes from coloured textiles to the un-dyed textiles during the
washing process. The main reasons for intensive bleeding of some
coloured textiles are difficulties, or an inappropriate dyeing process,
where the most problematic is dyeing or printing of blended fabrics,
such as cotton/PES blends. Recommendations to avoid these dyetransfer problems include separation of coloured textiles from uncoloured ones, washing at a low laundering bath temperature, or
using special detergents with the addition of nonionic or
zwitterionic
polymers
(polyvinylimidazol
(PVI),
polyvinylpyrrolidone (PVP)), or cationic polymers [3]. There are
also so-called “colour catchers” available, in the forms of ribbons
(impregnated cotton fabric), granulate (an Na2CO3 and H2O2
mixture) or tourmaline balls (NaMg3Al6 borosilicate), with limited
efficiency [4].

Table 1: Composition of the performed laundering procedures
Procedure Code
SCF
TexBio
Dye
IEC A
LPBlind
Yes
Yes
No
No
LPDye
Yes
Yes
Yes
No
LPDyeDet
Yes
Yes
Yes
Yes
Note: SCF – Standard cotton fabric, TexBio- textile bioinidcators with
the Sa, Dye – solution of reactive black anionic dye (1.5g/L), IEC A Laundering detergent IEC A* (82g/cycle)

In past years, several research activities were performed, with
the intention to collect, purify in cross-flow reactors, then
warehouse in tanks, and, at the end, reuse of laundry wastewaters.
Wastewaters of domestic laundry were purified using sand filters,
synthetic zeolites (SiO2, Al2O3,Fe2O3, Na2O, CaO), flocculation
and membrane filtration [5- 10]. In a second set of research
projects, laundry wastewaters were decolourated with the help of
adsorbents, different natural (plant seeds, orange peels) or synthetic
coagulants, ion exchangers [11- 17], and with advanced oxidation
procedures (H2O2 /UV, H2O2/O) [18, 19]. The used methods were
proved suitable, however, they were time, space, economic and/or
ecologically questionable.

Materials A base load (3.5kg) was composed of more items
(double layer knitted PES fabric sewn along all four edges), each
with the size of 30x30cm and mass of 35g. Standard detergent IEC
A* [25], composed from the basic powder (77%), sodium perborate
tetrahydrate (20%), and tetraacetylethylenediamine TAED (3%)
was supplied from WFK (D). DIN ISO 2267standard cotton fabric
(SCF) (100% cotton, 295 dtex in warp and weft direction, 170 g/m2,
plain wave) [26] was also suplied by WFK. The reactive black
anionic dye (Bezaktiv Black V-CMR) was purchased from CHT
Bezema GmbH (D). The adsorbent strips (AdSNW), composed of nonwoven textiles, which were impregnated with a solution of sodium
carbonate, sodium dithionite and a surface active agent, were
suplied from Delta Pronatura (D).

Textiles which enable adhesion and colonisation of microorganisms represent a potential source of infection. Appropriate
temperatures, sufficient humidity level and nourishments, such as
blood, body fluids, present in textiles influence the survival of
micro-organisms. For sterilisation of equipment and devices,
physical (heat, radiation, gaseous), chemical or physiochemical

Laundry equipment All laundering procedures were
performed in a household washing machine, SensoCare W8665K
Gorenje d.o.o. (SLO), with a capacity of 9.0 kg. The laundering
procedure consisted of main-washing (20 °C), two rinsing phases,
and spinning.
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tenfold dilutions and plating on selective agars. The average CFU
after the incubation periods was used to determine the reduction
efficiency using Equation (2) [24, 29]:

Common to all the performed laundering procedures was that
the working conditions met the Standard SIST EN 60456. The
laundering procedures began with loading the washing machine
with a cotton base load (4.5 kg), textile bioindicators, adsorbent
strips and standard cotton fabric, followed by automatic dosing of
water (TWH= 14±1.12 on; pH = 7.3–7.7; T = 15±2 °C; bath ration
1:5), laundering detergent IEC A* and dye solution of reactive
black (1.5 g/L).

RED = log (CFUb / CFUa)

(2)

where RED is the colony reduction efficiency, CFUb is the
average CFU on the cotton swatches before and CFUa is the CFU
on the cotton swatches after the laundering procedure

Scheme of the used laundering system is in Figure 1.

3. Results and discussion
The effectiveness of removing dye from the laundering bath and
the effect on the reduction of micro-organisms has been
investigated for adsorbent strips. Three types of washing procedures
were carried out in the washing machine. Each laundering
procedure was performed twice, The first-time without and
secondly with added adsorbent strips as recommended by the
producer (2 strips/ washing cycle, 0.0252 g, 56g/m2). After each
laundering cycle the base load and laundering machine were
disinfected, by carrying out a disinfection washing, which consists
of main washing (30min/ 85 °C) and 5 rinsing cycles, as well as a
self-cleaning programme (without the base load, 30 min/ 85 °C).
Figure 1: Scheme of the used laundering system

The results of the adsorbed dye from the bath on the adsorbent
strips for three laundering procedures are shown in Table 2, whilst
the reflectance curves are shown in Figure 3. The colour
characteristics and SCF reflectance curves for laundering
procedures, without or with adsorbent strips added are shown in
Tables 3 and 4.

Textile biomonitor preparaption Textile biomonitors are used
to determine micro-organism reduction in domestic laundry
processes and possible cross contamination of micro-organisms [27,
28]. Cotton fabric SC was used for the preparation of textile
bioindicators with the bacterial cultures of Staphylococcus aureus
DM 799. Several pieces of previously sterilised and dried cotton
pieces with an area of 1 cm2 were put into autoclaved glass Petri
dishes. Then, 200 µl of artificial sweat (ISO 105-E04) as a substrate
for simulating human excrements, was inoculated onto the cotton
pieces in the Petri dish and left to dry overnight. Sweat was chosen
as it was previously found [29] that it can act as a substitute for
defibrinated sheep blood. In next step, 200 µl of a previously
prepared concentrated suspension of micro-organisms was
inoculated onto each cotton piece. The concentration of bacteria on
the cotton pieces after drying overnight was between 10 7 and 109
per cotton piece, assessed by serial 10-fold dilutions and viable
plate counting using Baird-Parker agar.

It is known that most black dyes are mixtures of two or even
three different dyes. Navy Blue is the most commonly used as a
base dye. The reactive dye Bezaktiv Black V-CMR, which has been
used, is also no exception. The absorption curves of the dye
solutions (Fig. 2) show that they consist of two components. The
first component (blue) has an absorption peak at 476 nm and a
second (red) at 596 nm.

Evaluation of the redeposited amount of dye The adsorption
curves of the vinyl sulfone dye solutions were measured with the
UV-Vis spectrophotometer Infinite 200 Tecan (CH), meanwhile the
non-laundered and laundered SCFs and AdSNW strips were
measured with the spectrophotometer Datacolor SF600 (CH) (d/8
measurement geometry, with a measurement wavelength range
from 400 nm to 700 nm and measurement area of 20 mm).
Reflection measurements were calculated with the help of the
Datacolor Datamaster (CH) Software, resulting in CIE tristimulus
values XYZ, L*C*h CIELAB 1976 and colour differences dE*
according to [30].

Figure 2: Optical absorbance curves of reactive dye dilutions

It is evident from Table 2 that the K/S value for the LP Blind
procedure is the lowest (0,46), which was expected, as no dye was
added to the laundering bath. On the other hand, the K/S values for
the procedures LPDye and LPDyeDet were expected to be much higher
compared to the basic laundering procedure LP Blind, with little
difference between them (0.99 units).

The amount of transferred dye from the laundering bath onto
the SCF or AdSNW was determined, as described in [31, 32], and
calculated based on Equation (1),
  700

fk =



Table 2: Change of colour characteristics of the adsorbent strips against the
performed laundering procedures
Procedure Code
K/S
dE* D65/10
LPBlind
0.46
7.27
LPDye
20.25
61.22
LPDyeDet
19.25
59.84

(1)
(K/S)λ (

x 10,λ

+

y 10,λ + z 10,λ)

  400

Where fk is the colour strength value, K/S is the Kubelka-Munk

We were surprised by the relatively high dE* value (7.27),
change in chromaticity (dC*= 7.61) and hue (h unwashed= 149, hwashed=
94, change of colour from green-yellow to pure yellow) among the
unwashed and in LPBlind washed adsorbent strips. The observed fact
can be attributed to the adsorption of released chemicals, and
probably also colonies of Sa, which are described as golden colour,
from the textile bioindicators. From the results shown in Table 2
one can summarise that the strips adsorbed the highest amount of
dye at procedure LPDye (K/S=20.25, dE*=61.22), which also

value, and x , y i z are the colour matching functions for the CIE
10° standard observer.
Evaluation of the disinfections’ effect The concentration of
micro-organisms were calculated on the cotton swatches during the
incubation process, and after the laundering procedures. After
laundering treatment each textile bioindicator was placed into a
saline solution to release the micro-organisms from the cotton
swatches. The colony forming unit (CFU) was assessed by serial
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resulted in lowering of the reflectance curves for the strips 1 and 2
(Figure 3).

Figure 4: Influence of the performed laundering procedures on dye uptake
of the SCF

It should be also noted that the reflection curves of strips no. 2
in Fig.2 are the lowest (a higher amount of adsorbed dye),
meanwhile the reflection curves of stripes no. 1 are slightly higher
(a lower amount of adsorbed dye), which is the case for both
laundering procedures, LPDye and LPDyeDet. Analysis of Fig. 2
showed that the curves of strips 1 and 2 are lower in the blue area
(476 nm) compared to the red area (600 nm), leading to the
conclusion that the blue component of the dye migrates from the
bath to the strips faster than the red.

The phenomenon of binding more dye to the SCF in the case of
washing with added detergent compared to the laundering without
it, can be attributed to the surface-active substances of the detergent
IEC A*, which increase the affinity and migration of reactive dye
molecules to SCF [33, 34].
Analyses of the influence of laundering procedures on
disinfection efficiency (Fig. 5) show that the household laundering
in baths of 20 °C, the addition of detergent IEC A* and adsorbent
strips, provides higher disinfection effects compared to laundering
without strips.
The LPBlind laundering procedure with the addition of adsorption
strips provides lower reduction of Sa (log for 1.61 log steps),
resulting mainly from bath circulation and agitation rhythm
(mechanical action, kinetic energy) and, thus, rinsing out of the
micro-organisms from the textile bioindicators. In the LP Dye
procedure, the reduction of Sa micro-organisms increased to 2.62
log steps, influenced by both the effects of the laundering drum
agitation and the disinfection activity of the dye [34- 37]. While in
the LPDyeDet procedure, where IEC A* detergents as adsorption
strips are added to the laundering bath, the highest reduction of
micro-organisms was achieved by 4.60 log steeps.

Figure 3: Influence of the performed laundering procedures on dye uptake
of the adsorbent strips

There is no doubt that the amount of adsorbed dye onto the
adsorbent strips is important, but from the user's point of view the
amount of dye that will migrate from the coloured to the uncoloured (white) textiles during a household laundering is more
important.
Table 3: Colour characteristics and the dye absorption degrees of the SCF
for the performed laundering procedures, without added adsorbent strips
Procedure Code
K/S
dE* D65/10
f
LPBlind
0.197
2.38
1.280
LPDye
0.293
3.33
2.283
LPDyeDet
0.916
6.61
3.752

From the results shown in Tables 3 and 4 it can be concluded
that the amounts of transferred dye from the laundering bath onto
the SCF at the laundering procedures where adsorbent strips were
added, are slightly lower, compared to the procedures without
added adsorbent stripes.

Figure 5: Influence of the absence/presence of striped adsorbent in the
laundering baths on the disinfection efficiency (RED) of the performed
laundering procedure

However, regardless of the relatively high reduction of microorganisms (for LPDyeDet+adsorption strips CFUbefore was 1.7*107
cfu/ml, and CFUafter 1.7*107 cfu/ml), it can be concluded that the
performed procedure does not provide satisfactory disinfection
efficiency. Standard SIST EN 16616 defines that the chemicalthermal textile disinfection laundering process is effective when a
reduction of bacteria of more than 7 log-units is reached and no test
organisms are detected in 100 ml of washing/disinfection liquid.

Table 4: Colour characteristics and the dye absorption degrees of the SCF
for the performed laundering procedures, with added adsorbent strips
Procedure Code
K/S
dE* D65/10
f
LPBlind
0.222
1.81
1.436
LPDye
0.289
3.20
2.298
LPDyeDet
0.861
6.55
3.876

With regard to the LPDye procedure (Tab. 4), the amount of
adsorbed dye onto the SCF is noticeably higher for the LP DyeDet (K/S
by 2.98 times, dE* by 2.05 times, f by 1.69 times). A large
difference is also visible in the progress of the SCF reflection
curves before and after the performed laundering procedures (Fig.
4). We can again conclude that the blue components of the dye
migrate from the laundering baths to the SCF faster than the red.

From the obtained results, it can be concluded that the
laundering in a bath of 20 °C, with the addition of a striped textile
adsorbent or in combination with detergent IEC A*, does not
provide satisfactory disinfection efficiency and prevent biocontamination of the washing bath and textile load.

4. Conclusions
The efficiency of an adsorbent has been investigated for the
removal of released textile dyes and micro-organisms during
household textile laundering. In a household drum washing machine
IEC A* detergent was used, together with an IEC ballast, standard
cotton fabric, reactive vinyl sulfone dye, adsorbent and textile
bioindicators with bacterial cultures Staphylococcus aureus DM
799. The adsorbent was composed of striped non-woven textile,
which was impregnated with a solution of sodium carbonate,
sodium dithionite and a surface active agent. A one-bath coldwashing process (cotton, normal, 20 °C) was carried out, consisting
of a main wash, three rinsing phases and final spinning. The effects
were evaluated of dye re-deposition from the laundering bath onto
the fabric and the reduction of micro-organisms. The testing
38
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conditions met the Standards SIST EN 60456, SIST EN 16616, DIN
ISO 2267, and IEC 62958.
[17]

The results show that laundering with the addition of the striped
adsorbent and IEC A* detergent reduced the higher log step
reduction of Sa (more than 4 log steps) compared to the laundering
without detergent (2.62 log step reduction), or laundering in a blind
bath (1.61 log step reduction). The sorption efficiency of the
functionalised nonwoven adsorbent is limited, capable of adsorption
of a maximum of 0.1 g/L of reactive dye from the washing bath.
Laundering in a bath of 20 °C, with the addition of a striped textile
adsorbent or in combination with detergent IEC A*, does not
prevent bio-contamination of the washing bath and textile load.
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Innovative technologies for the production of high-oxide corundum and boron carbide
ceramics
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Abstract: In this publication, the authors present an in-depth justification on the technology for the production of high-oxide ceramics. Indepth research on international markets on the supply and use of raw materials is presented. The various design developments related to the
ways of pressing products are described. The physico-mechanical parameters of the synthesized corundum and boron-ceramic ceramics
were also studied.
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In nuclear power plants, cylindrical profiles of boron carbide
are used to regulate the course of nuclear reactions because they
contain boron atoms 10B in which the capture of neutrons is
extremely high.
Nozzles for sandblasters, cutting and grinding tools and more
are also produced from boron carbide.
Despite of the extremely high chemical resistance of
boron carbide products to various aggressive environments, due to
technological difficulties in the manufacturing of large-scale
products for the chemical industry, they are not yet widely used.
Currently, studies on the synthesis of pure boron carbide
and the production of articles based on it have received much
attention. Particular attention is paid to improving the method using
hot pressing.
At present, a lot of attention is played in various smaller
and larger countries to the research on the synthesis of pure boron
carbide and the manufacture of articles on this basis. Particular
attention is paid to refining the method of hot pressing.

I. Introduction
High-oxide corundum and boron carbide ceramics
The beginning of the production and use of Al2O3-based
ceramics is considered to be 1905. At present, the corundum
ceramics occupies the largest share of all other technical ceramics
produced globally - about 40 %. Its application is for refractory
products, in the vacuum technique, as constructive elements as well
as for chemically resistant and electrically insulating products. Over
the past decades due to its low cost, the high-oxide corundum
ceramic products have been applied for protection against highspeed kinetic and cumulative impacts on moving and stationary
objects, as well as for the production of multilayer ceramic panels
for personal protective armor vests. In general, the corundum
ceramics plays an important role in modern science and technology.
Areas of its application are constantly expanding as its properties
are continually improving through the use of new production
technologies.
Corundum ceramics is a densely sintered polycrystalline
structure. The feedstock is -Al2O3 (corundum). A basic
requirement for the raw material is its high purity. The degree and
constancy of impurities predetermines the purpose of the ceramics.
Another requirement is a well defined sedimentary composition
(finely milled feedstock), obtained without contamination during
milling. Alumina powders with close particle size (mono fraction
powders) are required for preparation of high-alumina corundum
ceramics intended for special applications. In these cases chemical
methods are used - chemical coagulation or sol-gel method. These
methods are characterized by the advantage that they achieve a high
dispersion, purity and activity of the ceramic powders, as well as
homogeneity of the constituent masses, and hence of the resulting
ceramics. Using these methods sintered materials can be obtained
easily at low temperature.
The direct use of corundum powder as a raw material for
ceramics production is inappropriate since it is non-plastic. In order
to obtain a product, the ceramic powder must acquire bonding
properties, which is achieved by adding organic composition as a
technological bond. Substances that act as a temporary bonds are
called plasticizers. They give formability to the ceramic mass for
fabrication of products and the mechanical strength of the material
prior to firing and in the process of firing the bond burns without
residue. Most often these are water-soluble organic binders such as
polyvinyl alcohol and the like. In order to improve the wetting of
the mineral components and to increase the surface activity of the
organic bond, a small percent of surfactant is added - about 0.5 wt
% of the amount of corundum. The most common surfactant is oleic
acid (C17H23-COOH).
Pure boron carbide products have an extremely wide range of
physical, chemical and mechanical properties, which make them
unmatched in many areas of technology. Their high hardness (the
third after those of the diamond and cubic boron nitride), modulus
of elasticity, sound velocity, and low relative weight allows it to
occupy an important place in the construction of multilayer
ceramic-polymer systems for protection against high-speed kinetics
and cumulative impacts.

1.

Requirements for corundum masses, preparation of
press powders, forming methods of preforms and
development stages

As noted, high alumina corundum ceramic masses are nonplastic and because of this their masses can be thermoplastic
(paraffin bonding used) or semi-dry (if polyvinyl alcohol with
surfactant - oleic acid as bonding is used). Prior to their production,
the corundum (most commonly electrically melted) is grinded.
Grinding is often wet. Afterwards, the powder, with the required
granulometric and sedimentary composition, is sieved (most often
with vibratory sieves) and the iron impurities are removed by
magnetic separation. The fractions are blended, plasticizer is added
as per the technology of the respective product and the mass is
homogenized. The material should be very well compacted after
pressing. This is why the grain size distribution is essential to
provide a maximum packing. Surfactants are also added which, in
addition to being adhesive additive, play the role of a grain sealer,
reducing friction between them and the mold. These additives are
called lubricants. Prior to the addition of plasticizers and
surfactants, the masses are crumbly, easily spreadable in layers with
different density and do not "flow" well when filling the molds if
not properly prepared. All this is avoided as the masses are
aggregated into larger granules of approximately the same size and
with round shape, which are durable, do not stick together and fill
the mold well. The main method used for this purpose is spray
drying. It is done after an initial homogenous mixing of the
corundum powder with the organic binder and its humidification.
The resulting material is injected in the direction of its movement or
against it (counter-current) in the so-called spray dryers.
The main idea in developing the present technology is to
achieve specific composition and specific technical conditions for
the production of corundum ballistic ceramics through the study of
a number of corundum compositions. For this purpose the most upto-date information was obtained on the globally used ballistic
ceramics and in particular of that based on corundum. A number of
technological issues related to the preparation of corundum
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compositions cwith a certain particle size were studied: the addition
different type and quantity of modifiers, the granulation and the
molding methods - compacting by a hydraulic press, thermoplastic
casting, slip casting, isostatic pressing, detonation pressing. The
issue of the production of corundum ballistic ceramics was solved
by the development of the technology.
First, seven compositions with different Al2O3 content were
prepared and experimented under laboratory conditions. The most
promising was determined. Mixtures of the various corundum
compositions according to the applied molding method were
prepared. The densities, the temperature mode of firing,
respectively the coefficients of shrinkage after firing, of the semifinished product after molding were determined in order to produce
tools for the final products - square and rectangular plates with
different thickness. Various physicochemical properties, such as
final density, speed of sound passage, Poisson coefficient, bending
strength, modulus of elasticity, relative share of the absorbed kinetic
energy, hardness, etc. were examined of the various laboratory
samples.
The technological process of ballistic corundum ceramics
production includes the following operations:
1.
2.
3.

4.
5.
6.
7.
2.

assessment of the protective properties of the material under certain
test conditions.
4.

The market study for the supply of the necessary raw materials
is consistent with the stages of production of high alumina
corundum ceramics, namely in the following order:
4.1.The worldwide suppliers of 99.99% pure aluminum oxide
with a defined sedimentary and granular composition or of
granules with a defined chemical composition for dry pressing,
are as follows:
 company Martinswerk - Germany,
 company Nabaltek - Germany,
- company Alkoa - USA.
For this purpose, inquiries were made to the respective
suppliers, and we received their offers as follows:
- Nabaltek has submitted a quotation for pure
aluminum oxide as well as ready-made
granulate brand KMS96 and brand NM9620;

Use of pure raw materials obtained by chemical
methods. In this case Al2O3 powder.
Dosage of the raw materials and weight mixing
with additives.
Preparation of a ceramic granulate,
thermoplastic masses or dispersed aqueous
colloid system.
Forming of the obtained products.
Drying and firing of the preform bodies.
Mechanical processing if needed.
Quality control of the obtained products.

-

Martinswerk submitted an offer for MR70 / S
ready-made granulate.

4.2. Preparation of alumina oxide press powder for
isostatic pressing.
The market for suppliers of alumina with a 99 % content and
average grain size of 5 microns was studied.
We received offers from the suppliers quoted in item 5.1, as
follows:
Nabaltek has provided an offer for alumina oxide brand
ND313.
Martinswerk provided an offer for alumina oxide brand
MR52.
To improve the physico-mechanical properties and to
reduce the sintering temperature, a market study of suppliers of
magnesium and other oxides was required. We have sent a request
for offer to the firm May Chem from the Netherlands.
For improvement of the parameters of the finished product
related to liquefiers and plasticizers, a request for offer was sent to
the companies Zchimmer and Schwarz from Germany. The German
company has offered the following brands: Dolapix PC67 and
OptaPix PAF2.

Standards referring to corundum ceramics properties

The object of the technology is to achieve maximum protection
of the corundum products, in particular plates with a maximum
Al2O3content with, used as a front part of a multilayer ceramicpolymer hard plate. The chemical composition of the ceramics
corresponds well with the corundum ceramic used for electro
technical purposes described in the International Standards "IEC" of
the European Committee CENELEC. With the introduction of
unified European regulations, these standards are already listed as:
EN60672-1 "Specification for Ceramic and Glass Insulation and
Materials, Part 1": Definitions and classification and EN60672-3
"Specification for Ceramic and Glass Insulation and Materials, Part
3": Materials.
As an example, we list some of the most important indicators
to be met by the best corundum ceramics containing Al2O3 ˃ 99 %
of the group C799, namely:

5.

 porosity - 0.0%,
 density ˃ 3.7 g/cm3,
 bending strength ˃ 300MPa,
 elasticity modulus 380 GPa.
These values are minimal, each manufacturer guarantees in his
technical specification additional and possibly better properties for
his products.
3.

Market study at home and abroad for supplying the
necessary raw materials for regular production.

Development of semi-dry, impulse and detonation pressing
molds.
1.1. Development of semi-dry pressing mold

The study concerns a press tool for hydraulic press DORST
TPA 50/2 designed for pressing ceramic plates made of aluminabased ceramic material with dimensions 50 x 50 x 8 mm and 50 x
50 x 10 mm.
5.1.1.Description of the equipment

Standards related to the control of material
characteristics (in this case the corundum ceramic tiles),
defining the protective properties of the final product.

It is an instrument consisting of a mold, a top and a
bottom punch and connecting elements. The following materials are
defined for making the basic elements of the instrument taking into
account the specifics of the ceramics dry pressing.

There are various methods developed to determine the
material’s properties, such as density, tensile bending and
compression strength, hardness, impact strength, elasticity modulus,
etc. Applicable for these purposes are EN ISO12680, EN658,
ENV14186, EN1094, EN993 series standards. There are nonstandardized methods, known in the literature, to make an indirect
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mold – body of hard metal – Ceratizit
H40S/HIP,
top and bottom punch – steel Х12 thermally
treated to the necessary hardness,
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 connecting elements – steel С45.
The dimensions of the connecting elements are tailored with
the DORST TPA 50/2 automatic press adapter. The dimensions of
the molding parts are defined as follows: by performing a
technological trial using the same press at similar technological
parameters but with another pressing tool to determine the
compressibility coefficient of the ceramic granulate. This
coefficient determines the dimensions of the raw body or of the
shaping parts of the finished bodies.

The alumina mixture is added in small portions under continuous
stirring with a propeller stirrer.
After the entire material is added in the heated water bath, the
stirring continued for another 15-20 minutes. The resulting slip is
aged for 2-3 hours in an electric dryer at a temperature of 65-80 ° C,
then poured as a thin jet in suitable metallic molds. The casting is
stored in a clean and dry place. The details are molded by hot
casting under pressure from 1 to 3 atmospheres in metallic molds.
The working temperature of the slip varies in the range 60 ÷ 75 ° C.
After casting the products and hardening the slip, the mold is
opened and the items are removed very carefully. Exerting an effort,
such as pressure or tension on the product before it has solidified, is
not desirable as it may result in deformation.

1.2. Development of equipment for impulse and blast
compression.
These equipment was not designed for a specific product of
definite dimensions but only for model samples to determine the
effect of this compression on the physico-chemical and mechanical
characteristics of the finished product without pursuing a long-term
use.
6.

7.2. Removing the technological binder
The removing of the technological binder is carried out in the
temperature range of 50 - 1050оС in an electric resistance furnace.
The products are placed in high-alumina saggers and filled with
adsorbent. As an adsorbent is used Al2O3 with a grain size of 40 ÷
50 microns. The rate of the temperature rise is as follows:

Manufacture of proper size rubber molds for isostatic
(hydrostatic) pressing.







The manufactured rubber molds are for isostatic pressing of 50
x 50 x 8 mm and 50 x 50 x 10 mm preform ceramic plates. This is
done by the following scheme:
6.1. Calculation of the dimensions of the green plate of the
respective composition with a compression coefficient of
~ 1.166, which means that the preliminary dimensions
should be 58.3 x 58.3 x 9.32 mm and 58.3 x 58.3 x 11. 66
mm respectively.

After the furnace is cooled down, the items are removed
and cleaned with compressed air. Their final firing is carried out by
placing them on refractory plates in a high-temperature electric
furnace, at a temperature determined for each composition in the
temperature range 1550-1650 ° C.

6.2 Calculation of the mold
a)

Only samples for physico-chemical and mechanical tests were
produced by the presented technology.

Internal diameter of the mold

7.3. Compression of ceramic products by explosion

Considering that the coefficient of compaction at 1,300
bar is Kcom ≈ 1.3 and that the square plates dimensions of 58.3 x
58.3 x 9.32 mm and 58.3 x 58.3 x 11.66 mm may fit in a circle with
a diameter 90 mm, the internal diameter of the mold must be ꞊ 90 x
1.3 ꞊ 117 mm. Considering that a further 10-13 mm are required for
the preform to become a right-sized cylinder after machining, the
required internal diameter of the mold must be 130 mm.
b)

For this purpose, a metal mold with a punch is used in which
a certain amount of press powder is placed. The compression is
carried out in a blast chamber, the explosive being placed around
the punch. The disruptive explosive has a “pyromex” density with
detonation velocity of D = 7,200 m / sec and density Ro = 1.48 g /
m3. The explosion is carried out by an EAMN - 25 detonator.

Length of the mold

The parameters of the blast on the punch are:

Thicknesses of one plates are 9.3 mm and 11.66 mm
respectively. Four mm for preliminary machinig and 5 mm for
cutting of a single plate (this is the thickness of the turning knife)
should be added to these dimensions. The required length of the
green body becomes at least 230 mm for 12 plates 8 mm thick and
10 plates 10 mm thick. Considering that the coefficient of
compaction is approximately 1.3 for isostatic pressing, and the
sleeve is closed with rubber stoppers at 40 mm depth, the required
length will be 380 mm. The thickness of the mold’s wall is 10 mm.
Two molds are needed for full loading of the isostatic press.
7.

50 ÷ 200оС – 10оС per each 8 hours,
200 ÷ 300оС – 25оС per hour,
300оС – holding for 3 hours,
300 ÷ 450оС - 25оС per hour,
450 ÷ 1050оС – 100оС per hour.




Initial speed Uo = 2,900 m/sec,
speed of the particles produced by the
explossion Uf = 1,823 m/sec,
 density of the explosion products ρf = 1,980
kg/m3,
 speed of sound in the explosion products df =
5,377 m/sec,
 pressure of the wave front рf = 0.131.1011 Ра,
 ratio between the pressure of the wave front and
the pressure on the punch рf/р1 = 1.31.106 Ра.
It is determined experimentally that for the same
explosive the detonation velocity D, [m/sec] and the specific energy
of blast transformation depend on the density of the charge ρо.
The high density of the samples obtained after the explosion
compaction and their incredibly high increase in strength, despite
the instantaneous impact of the pressure, shows the perspective of
using this method to obtain preforms from of any technical
ceramics.

Injection molding
7.1.Preparation of a technological binder and a thermoplastic
slip. Forming of details.

5.65% bees wax is added to 1 kg of hard paraffin. The two
materials are placed in a vessel and heated in water bath at 80 ÷ 90 °
C to melt and are homogenized. The resulting binder is poured into
metal molds and, after cooling and curing, is stored for further
application for preparation of thermoplastic slip. This is done by
placing in a heated water bath at 80 ÷ 90 ° C the preliminary
cleaned from the binder quantity (16.5%) and waiting for it to melt.
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The corundum is difficult to sinter. The diffusion mechanism,
including the recrystallization process, depends on the temperature
and duration of firing, dispersity of the corundum, the activity of the
crystalline chemical status of the material, the initial density of the
green product, the presence of impurities or specially introduced
modifiers, and last but not least the gas environment. The maximum
grain size of Al2O3 capable of solid-phase sintering must not exceed
3 - 5 μm. We use finely dispersed Al2O3 - up to 1μm. During the
sintering process, recrystallization of the dispersed corundum
ceramics occurs, which is of great importance for increasing or
decreasing the size of the crystals, which affects the different
properties. During our studies we achieved a crystal size of 1.2 to
2.5 μm, average 1.75 μm. The degree of perfection of the corundum
crystal lattice also has a very strong influence on the firing
temperature and the degree of sintering. The crystalline grid of
electro fused corundum has a high degree of lack of defects and
therefore, with identical dispersity, the articles made from it without
the use of modifiers are much more difficult to sinter than those
obtained from technical Al2O3.

8. Essence of the isostatic pressing
The essence of the method is based on the following: the
granulate is packed in the rubber molds and vibrates with them, then
it is placed in cylinders filled with liquid (water emulsion, glycerin
or oil). A pump system creates pressure in the liquid around the
sleeve in the cylinder with a value of up to 2,000 MPa - in our case
1300 MPa. The granulate is pressed from all sides by the impact of
the liquid on the rubber mold. An irregular cylindrical preform with
uniformly distributed density and isotropic texture is obtained. The
duration of the hydrostatic (isostatic) compression process depends
on the size of the preforms and lasts for few minutes. Typical for
this method is that there is no friction of the press powder on the
mold’s walls. It is compressed from all sides, producing a uniformly
dense preform without the presence of layers or sections of different
density. The densification is 35-39 % better in comparison with the
classic automatic hydraulic press method, which results in an
increase rate of solid-phase reactions during the firing process at the
same temperature and reduces the shrinkage of the articles. In this
sense, the method is more energy efficient. Due to the short
movement of the high pressure there are profound changes in the
structure of the crystalline substances.

8.4. Investigation of the physico-mechanical properties of the
obtained corundum ceramics

8.1 Essence of the conventional molding method

Experimental corundum ceramic samples of different
compositions obtained by the above-described formation methods,
at different compaction pressures and sintered at specified
temperatures and duration of the isothermal temperature retention
are studied and a number of physico-chemical indicators are
determined. The results are analyzed and plates with dimensions 50
x 50 x 10 mm - 20 pcs and 50 x 50 x 8 mm - 20 pcs are produced at
industrial conditions, corresponding to the conditions of the
preparation of the best samples. An excerpt of the best results is
presented in Table 1.

The conventional molding method is the most common one.
Articles from all masses regardless of their chemical and mineral
composition can be produced by it. Density depends exclusively on
the ratio, amount and size of the individual powder fractions and on
the pressure and the molding conditions. The density of the bulk
material upon free backfilling depends on the size, shape, particle
size distribution, state and the structure of the particles. To obtain a
dense package, the most suitable is a multi fraction composition
with a maximum particle size of less than 1 μm. Numerous studies
are known concerning the particle size distribution and particle size
of the material. Practically granulates are produced in the form of a
press mass, which regulates pressing. The essence of the process is
based on the following: low moisturized powdery granulate of
Al2O3 with particle diameters less than 1 μm and modifiers with
plasticizers are poured in the mold. Then the mass is pressed by a
punch at one side (one-sided matrix) or by two punches moving
oppositely (two-sided matrix). The pressure can be applied
continuously during the entire compression process (one-stage
compression) or with steps (stepped pressing). The continuation of
the steps is of the order of a second or parts of a second. Stepped
pressing is preferred as it helps the equalization of the pressure and
the removal of the air from the mold. After the final pressing, the
articles are pushed out of the die and the compression cycle is
completed. By this method different samples of different
compositions can be formed at different pressures.

Table 1. An excerpt of the physico-mechanical properties of
corundum ceramics, obtained by different forming (pressing)
methods

8.2. Essence of the impulse compaction
This method is based on the effect of pulsating forces
multiplied by value, with magnitude of up to a maximum of
100,000 tons at values of impulse body displacement up to 10 mm.
This is achieved by means of a power pulse generator, a machine
for transforming constant forces and moments into pulsating ones.
The generator is implemented on a purely mechanical basis. It
consists of a shell and impulse body, and in the cavity between
them is a built-in bar mechanism, in which the circular joints and
rod arms are replaced with segmental shoulders and joints. By this
replacement, it is possible to obtain a large area of the press bearing
and the dimensions and the mass of the power impulse generator
can be reduced many times.
According to the described scheme, samples were pressed in
the mold, giving extremely high physical and mechanical indices.
8.3 Sintering synthesis of test specimens obtained from
different compositions at various methods and compression
pressures

43

INNOVATIONS Issue 1/2022

casting (thermoplastic and in the form of aqueous dispersion colloid
systems) are widely used for the forming of products from high
melting point powders. The latter two methods are very rarely used.
Forming in metal molds is primarily for modified boron carbide
compositions. It is widespread and productive. Isostatic pressing
produces good results but is economically ineffective. Top quality
products are produced by hot pressing with simultaneous sintering,
but they are very expensive and are used for special purposes only.
The essence of the pressing process is in obtaining preforms with
definite shape by reducing the volume of boron carbide powder
used by exertion of pressure resulting in increased contact between
the particles. In the free fill state the contact area between the
powder particles is very small. In the initial stage of compaction,
the particles are moved and fill the empty spaces, and thus increase
the area of the contacts. Deformation begins to occur at the points
of contact where the pressure is transmitted. Gradually, these
contacts begin to appear in small groups of particles and finally
throughout the volume of compressed powder. As a result, the
powder particles begin to deform plastically if the temperature is
high or broken into small pieces if if the temperature is low.

II. Boron carbide ceramics
1.

Materials and influence of their properties on the quality
of the boron carbide products.

The properties of boron carbide products depend on the
properties of the starting material (boron carbide powder) and the
production technology. The properties of the powder are
structurally sensitive and depend on the porosity, shape and size of
the grains, their orientation, the type and amount of impurities, as
well as their volume distribution. In addition, boron carbide has a
phase-varying composition that depends on the ratio of components
B and C. Boron carbide is produced in a number of countries USA, Germany, Russia, China and others. For now, China is the
largest producer of B4C and at the lowest price. The purest В4С is
produced in the US and Germany, but at a very high price.
The quality of the products, as noted, depends on the purity of
boron carbide and the molding and sintering technology. Assuming
that hot pressing is the best technology for a given sedimentary and
chemical composition of B4C powder, the question arises as to
which factor determines cost and how to improve it. Generally hot
pressing is performed in rigid graphite molding equipment in an
argon or vacuum environment. Regardless of the quality of graphite
and the atmospheric conditions, the molding equipment breaks
down and pollutes the surface layer of the articles changing the B:C
ratio.
In view of the unlimited number of suppliers of different
chemical and chemical compounds, our task was to buy ready-touse powder from B4C and to focus on the main part of the
technology- molding, temperature regime and clinkering of the
products.
When developing our technology, we use boron carbide,
bought from Thermo Fisher - Germany, accompanied by a
Certificate of analysis of the boron carbide 99 +% product. The
product has the following composition presented in the following
table:
Table 2 Certificate of analysis of the boron carbide 99 +%
product
Particle size
Boron Carbide
Total Boron + Carbon
Total Boron
Free Boron
Boron Anhydride
Boron Compound
Total Carbon
Carbon Compound
Iron

Compaction of powders by pressure is a complex process that
depends on the properties of the pressed material and of the
particles and on the manner and conditions of the pressing. Before
compression of powders of difficult-to-melt compounds such as
B4C, plasticizers are added to obtain the necessary molding
plasticity. Rubber dissolved in gasoline, bakelite dissolved in
alcohol, polyvinyl alcohol and the like are used as plasticizers. The
plasticizers are mixed and homogenized with the powder and then
the plasticized material is granulated. It should be noted that the
plasticizer facilitates compression, but adversely affects the quality
of the product, as it enters the gaps, closes the air and limits the
possibility of obtaining high-density products. This requires that the
minimum required amount of plasticizer should be determined
experimentally, depending on the pressing method. There are two
technologies that we have studied and are using in our practice to
obtain B4C products. One involves the compression of a modified
B4C based composition with 99% purity plasticized with gasolinedissolved rubber into a metal die using a hydraulic press, and the
other is isostatic pressing of preforms with the same composition
and with reduced plasticizer content followed by machining until
raw materials are obtained before sintering. These technologies are
described in detail above for the production of high alumina
corundum ceramics. Thus, 50 x 50 x 10 mm and 50 x 50 x 8 mm
tiles of boron carbide ceramics were obtained. In order to avoid
labor-intensive machining after isostatic pressing, the articles are
first compressed into a metal die in a hydraulic press and then are
placed in thin-walled elastic cuffs and pressed isostatically to
eliminate structural differences in the raw material volume, which
are the main reason for deformation of the products during the
sintering process. The heat treatment was performed in a high
temperature furnace in argon medium. The articles are placed in a
closed box made of high-density graphite covered with B4C powder
of the same composition as the test pieces. The high temperature
heat treatment time is 30 min at 2,250°C. The physico-mechanical
parameters of the obtained boron carbide ceramics are shown in
Table 2.

-325 mesh
99.01 %
99.75 %
78.41 %
0.09 %
0.12 %
78.32 %
21.34 %
20.69 %
0.10 %

2.

Factors influencing the production of B4C-based
products
The process of molding of preforms from B4C is one of the
most important. To a great extent it determines very important
properties of the sintered products, especially the mechanical
strength. Various molding methods have been developed which are
also applied to other ceramic materials. Compaction in steel molds,
isostatic pressing, hot-pressing with simultaneous sintering, slip
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Table.3. Physical and mechanical parameters of boron carbide
ceramics obtained by hydraulic pressing and isostatic additional
pressing
№

1

1

Composition

2

3

Forming method

3

Hydraulic pressing
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III. Conclusion
In conclusion, we can summarize that a literature and marketing
study was conducted on the standards and raw materials for the
production of corundum and boron carbide ceramics. In-depth
information is presented on the indicators that must be met by both
types of ceramics related to the production of materials with desired
properties. The constructive developments for molds and the
production of rubber bellows for isostatic pressing are presented.
The physico-mechanical parameters of corundum and bocarbide
ceramics compositions have been studied and described, and the
best values are presented in a table.
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Abstract: Commercial kitchen cookers are widely used in various capacities and fuels (natural gas, LPG, etc.). Depending on the decrease
in fossil resources and the increase in energy needs, several researches in alternative fuels have been accelerated. Especially in recent years,
R&D studies and investments in renewable and environmentally friendly energy sources (solar, wind, biomass etc.) have increased. In line
with the EU's Renewable Energy Directive (Directive 2018/2001/EU), it is aimed to use at least 32% renewable energy sources by 2030.
Significant R&D gains have been achieved with the cooperation of industry-university in order to use hydrogen as clean energy as an
environmentally friendly alternative energy source for commercial kitchens. In this work, we developed an environmentally friendly
commercial kitchen cooker prototype using hydrogen with a uniquely designed burner has been achieved. Results show that using hydrogen
in commercial kitchens is promising if hydrogen safety is locally possible.
Keywords: COMMERCIAL KITCHEN COOKER, HYDROGEN TECHNOLOGY, BURNER DESIGN
over other fuels in terms of properties. However, they stated that
more research should be done on hydrogen for developing countries
[17].

1. Introduction
Concerns about global warming and the environment have been
increasing in recent years, along with the use of fossil fuels (natural
gas, coal, etc.). For this reason, studies on the dissemination of
renewable energy sources (solar, wind, biomass, etc.) are increasing
[1, 2]. In this respect, hydrogen has gained importance in studies to
use it as an alternative fuel in various fields [3-8].

The hydrogen operation of the design-specific glass-ceramic
cooking unit was evaluated by Fumey and the scientific study
group. Performance test applications of the developed system were
carried out under the DIN EN 30-2-1: 2005-08 standard. According
to this standard, high-efficiency values of up to 80% have been
achieved. The cooking unit is made in the dimensions of
400x290x94 mm. The active area of the combustion system was
also 2x176 cm2 [18].

Various model cookers are indispensable for cooking in
commercial kitchens (restaurants, factories, shopping malls, etc.).
The use of various gas fuels (natural gas and LPG, etc.) instead of
electricity in commercial kitchen cookers is preferred by many
enterprises for economic reasons. However, alternative renewable
fuel researches are increasing in line with the risk of fossil fuels in
terms of the environment. In addition to the use of hydrogen alone,
studies have been carried out on the combustion performance with
natural gas [9, 10], methane [11-13], ammonia [14] etc.

The combustion unit for working with hydrogen is formed from
a highly porous (>90%) SiC foam ceramic structure. The porous
SiC foam ceramic structure provides advantages due to its hightemperature stability and good thermal shock resistance. SiC foam
has been used with different pore sizes. The schematic
representation of the combustion system is given in Fig. 2 [18].

The envisaged situation for various application areas of
hydrogen in the energy system in the future is given in Fig. 1 [15].

Fig. 2 Schematic representation of the SiC foam ceramic containing
hydrogen combustion unit. [18].
Fig. 1 Various application areas of hydrogen in the energy system in the
future [15].

Singh and his research group have evaluated the hydrogen
economy. A comparison of the energy values of various fuels is
shown in Fig. 3 [19].

There is no study for hydrogen as an alternative fuel in
commercial kitchen cookers. However, various studies have been
conducted on hydrogen in households and portable type
cookers/stoves. Various studies in this field are summarized below;
The hydrogen cooking process obtained from a proton exchange
membrane electrolyzer (PEM) with solar energy using photovoltaic
panels was carried out by Topriska and her team. They stated that
the hydrogen production mechanism established in the simulation
studies was sufficient for cooking small amounts of food [16].
Rivera and his team compared conventional fuels (LPG,
charcoal, firewood) with hydrogen obtained by electrolysis in
cooking in developing countries. Compared with conventional
fuels, hydrogen has a significant impact on fossil fuel consumption,
climate change, ozone depletion, etc. emphasized its superiority

Fig. 3 Energy heating values of various fuels. [19].
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Depending on the development of the conditions related to the
acquisition, storage, and safety of hydrogen, its usage areas as the
clean fuel of the future will increase. It is expected that the
importance of hydrogen as an alternative fuel will increase in the
coming years due to the environmental problems caused by fossil
fuels.

It has also been painted green to make the innovative prototype
appear environmentally friendly. View of the innovative
commercial kitchen cooker prototype using hydrogen as fuel is
given in Fig. 6.

2. Methodology
First of all, the original design of the hydrogen burner was
developed for the burner used in commercial kitchens. The
innovative hydrogen burner is made of stainless steel (AISI 304)
material.
Combustion analysis was performed by parametric study for
different pressures and burner hole diameters. It has been
determined at which burner hole diameter and pressures the
maximum value of 650ºC is reached, which is determined according
to safe use, depending on the material properties for the under-pan
temperature. As a result of the trials, the operating range of the
system was determined.
In addition, with the visible results obtained from the analyzes,
how the flames are shaped, the chemical conditions of the fuel and
air in the system, and at the time of combustion were obtained. The
temperatures formed under the cooker and in flames are presented
visually.

Fig. 6 View of the innovative commercial kitchen cooker prototype using
hydrogen as fuel.

The technical drawing of the burner using hydrogen as fuel in a
commercial cooker is given in Fig. 4.

3. Experimental procedure
The hydrogen used in the test phase was obtained from the
hydrogen gas cylinder. High purity hydrogen (99.999%) is used in
the innovative commercial kitchen cooker prototype with a unique
design. During the test phase, special connection equipment
(flowmeter, regulator, etc.) was used between the hydrogen gas
cylinder and the innovative commercial kitchen cooker prototype.
The sensitivity of the burner, which was developed with a
unique design in a commercial kitchen cooker that uses hydrogen as
an alternative fuel, to different hydrogen pressures was evaluated
according to various operating conditions.
Pot bottom temperature simulations according to burner hole
diameters from 0.25 mm to 0.4 mm (respectively hole diameters
0.25, 0.3, 0.35 and 0.40 mm) for 8 mbar fuel pressure, are shown in
Fig. 7.

Fig. 4 The technical drawing of the burner using hydrogen as fuel in a
commercial cooker.

A view of the innovative commercial kitchen cooker prototype
(top view) is given in Fig. 5.

Fig. 7 Pot bottom temperature for 8 mbar fuel pressure.

Efficiency measurement tests of high purity hydrogen were
carried out according to EN 203-2-3 standard (Gas heated catering
equipment - Part 2-3: Specific requirements - Boiling pans).

Fig. 5 View of the innovative commercial kitchen cooker prototype (top view
– surface with H2 logo).
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15. Chapman, A., Itaoka, K., Hirose, K., Davidson, F. T.,
Nagasawa, K., Lloyd, A. C., Webber, M. E., Kurban, Z.,
Managi, S., Tamaki, T., Lewis, M. C., Hebner, R. E., Fujii, Y.,
Int. Journal of Hydrogen Energy, 44, 6371-6382, (2019)
16. Topriska, E., Kolokotroni, M., Dehouche, Z., Wilson, E.,
Renewable Energy, 83, 717-728, (2015)
17. Rivera, X. C. S., Topriska, E., Kolokotroni, M., Azapagic, A.,
Journal of Cleaner Production, 196, 863-879, (2018)
18. Fumey, B., Stoller, S., Fricker, R., Weber, R., V. Dorer, V.,
Vogt, U.F., Int. Journal of Hydrogen Energy, 41, 7494-7499,
(2016)
19. Singh, R., Singh, M., Gautam, S., Materials Today:
Proceedings, 46, 5420–5427, (2021)

4. Conclusions
With R&D studies, an innovative prototype was obtained with
the original burner that uses hydrogen as fuel in the eco-friendly
cooker for commercial kitchens. The gains achieved through R&D
activities are given below.
Simulation studies were carried out according to 16 situations
according to different hydrogen fuel pressures (8, 14, 20, and 32
mbar) and different burner hole diameters (0.25, 0.3, 0.35 and 0.4
mm). In the evaluations made with simulation analysis, it was
determined that combustion with hydrogen was at 8 mbar fuel
pressure and 0.3 mm burner hole diameter.
It has been determined that all values are close to each other in
the evaluations made according to different burner hole diameters at
the lowest value of the fuel pressure (8 mbar).
It has been observed that the temperature values increase in
direct proportion to the increasing fuel pressure values.
As a result of the test and evaluation studies, the innovative
burner, which works in harmony with hydrogen, in the prototype of
the commercial kitchen cooker was achieved. Thus, it has been
achieved to reduce the innovative product's CO and NOx emission
values in an environmentally friendly manner. It has been shown
that hydrogen can be used efficiently in commercial kitchen
appliances as an alternative fuel.
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Abstract: A lot of techno-economic analyses have been conducted to seek the most cost-effective solution for irrigation purposes applied in the interval time
of 25 years of project life. The possible benefits outlined by the PVWP system implementation have been identified, as well as the effects of the most sensitive
parameters, such as installation price, incentives and other credit options such as carbon credit rate or feed in tariff. The output carried out from the
simulation shows that PVWP system represents the best solution to provide free carbon and costless electricity to run the water pump for sprinkler irrigation
in the agriculture sector in Albania. The environmental benefits have been also addressed, evaluating the CO2 emissions saving achievable from the PVWP
system operation and some financial aspects such as simple payback period (SPP), NPV and the carbon footprint reduction per ha. As a conclusion
replacement of diesel-powered water pumping used only for irrigation purposes results in an annual net reduction of CO2 emissions by 1.9416 ton per year
which is equivalent to 861 litres of gasoline not burned. The net specific GHG reduction results 0.09708 kgCO 2/m2, simple payback period results 5.7 year and
Net Present Value (NPV) 4961.74€ and by applying a Feed-in tariff 0.0600 €/m³ then the water sale income results 19 817 € for the entire project life of 25
years starting from 2022.
Keywords: PVWP, RETScreen Expert, CO2, SPP, Irrigation

1.

complexities, including on-grid and off-grid solutions based on
renewables.
Using solar PV to power mini-grids is an excellent way to bring
electricity access to people who do not live near power
transmission lines, particularly in developing countries with
excellent solar energy resources and reducing the negative effect
on environmental.

Introduction

Existing 2030 climate and energy framework and ambition aims to cut at
least 40% in GHG from 1990 levels; at least 32% share for renewable
energy and at least 32.5% improvement in energy efficiency. Despite cost
declines and continuous policy support, faster wind growth hinges on
resolving social acceptance, permitting and grid integration problems [1].

During the last 10 years, the incremental costs and benefits of
irrigation have changed, as have public preferences regarding the
allocation of water among agricultural, municipal, and
environmental uses. The use of PVWP technology for irrigation is
considered an innovative and sustainable solution with the aim to
provide cost-effective solution within off grid PV concept. Such
systems can promote the use of agriculture land, especially in
remote areas of Albania. The combination of PVWP technology
with water saving irrigation techniques and sustainable
management of the groundwater resources can lead to several
benefits. The integration of distributed renewable energy in
agriculture sector can bring a lot of economic benefits to the
farmers including the reduction of energy use per unit and also can
help the mitigation of GHG emissions. This paper assesses the
possibility of installing PVWP system at one site of an existing
Greenhouse. Hence, to estimate the potential of integrating solar
into the country’s energy mix. The RETScreen software is used for
the feasibility and financial viability evaluation. The study found
out that the Divjaka municipality part of the Fier county
experiences the highest solar irradiation as it recorded 4.56
kWh/m2/day. The financial indicators like the internal rate return,
equity payback years, cumulative cash flows and simple
profitability index all indicated that the agriculture sector is the
best option for the development of solar energy and GHG potential
reduction. The impact of the development of these plants will also
have a considerable impact on the environment since the research
on the field shows a great potential in the reduction in the emission
of greenhouse gases (GHG), in some cases around 93%. Such
systems are foreseen to play a key role in a stable, costless and
emission-less way especially in off-grid applications. The
performance, availability, costs and carbon intensity of
photovoltaic power all indicate that this technology can make a
very substantial contribution to reduce carbon emissions and gain
carbon credits.
Similarly, in the study of [2] it is shown that Off-grid PV concept
applied in telecommunication sector can bring a lot of benefits.
Hence, PVWP systems can be used in the agriculture sector for
irrigation purposes.
In the other hand the depletion of fossil fuel and the negative effect
on the environment as well as the potential techno-economic
merits of "hybrid combinations" identified as a good solution
moving towards reliable and more feasible energy systems based
on renewables [3]. As the need for clean, sustainable energy
increases, and renewable technologies get ever more advanced,
more projects had been developed in greater sizes and

2.

Site background and installation of proposed PVWater pump station

In our case study the installation place will be located in Divjaka
(41°02'158"N and 19°53'26"E) as it is shown in figure 1. The area
has an altitude of 90 m above sea level and the measured average
annual air temperature results 15.24oC. Atmospheric mean
pressure value and wind velocity measured at 10m altitude results
97.38kPa and 1.1 ms-1.

Figure 1: The property of the proposed PVWP location.
The property area chosen for this case study is around 2.0 ha and
has an existing water well of 5 m deep. The water quantity is
provided from the well is enough to irrigate that surface for 8 hours
up to level 0.5 m.
The property has installed a greenhouse with a surface of 0.5 ha
usually used for potatoes, tomatoes and carrots. Daily water
amount for irrigation depends on weather condition and
temperature. The mean earth temperature varies from 5.6 oC in
January up to 25.26oC in August while precipitation varies from
25.73mm in July up to 118.5mm in November.

3.

Materials and methods

Actually, there are several models available for conducting a set of analysis
including environmental impact and benefits. RETScreen Expert is a cleanenergy awareness, decision-support and capacity-building tool [4]. This
model helps us as energy planers to determine the annual reduction in the
emission of greenhouse gases stemming from using the proposed
technology in place of the base case technology. The model uses a
computerized system with integrated mathematical algorithms and top to
bottom approach which has been developed to overcome the barriers to
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clean energy technology implementation at the preliminary feasibility
stage. It provides a cost analysis, GHG emission reduction analysis,
financial summary, sensitivity analysis, provides a low-cost preliminary
assessment of RES projects with a small set of a detailed information.
Methodology 2 as the more suitable to perform the techno-economic
analysis is chosen [5]

4.

5.

Emission reduction analysis in RETScreen Expert
model

The model performs a GHG emission reduction analysis depending
on whether the clean energy system under consideration generates
electricity or provides other energy requirements.
The only difference lies in transmission and distribution losses,
which are incurred only by electricity generating systems. The
reduction ΔGHG is calculated as follows in equation 1:
(1)
 GHG   ebase  e prop  E prop (1   prop )(1  ecr )

Off - Grid PV systems applications

Off grid PVWP systems applications have been studied to cover a
lot of issues, especially to provide water for drinking purposes in
the areas that suffer the lack of electricity. Nevertheless, the drastic
fall in prices of PV modules due to the new-born production and
costless technologies of the PV lead to increased interest on
research and development of off grid PV systems, encouraging
greater system flexibility and large-scale integration and new
applications especially in Albania. The research is mainly focused
on system design, optimization of system components (such as
BOS and solar array performance), and technical and economic
comparisons between PV and other traditional stand-alone fossil
powered sources. The studies have demonstrated that a solar PV
combined with diesel engine (hybrid) has relatively lower LCOE
than a pure diesel generator-only. The IEA estimates that to
achieve the goal of universal electricity access, 70% of the rural
areas that currently lack electricity will need to be connected using
mini grid or off-grid solutions. Photovoltaic systems can be
combined with fossil fuel driven (Genset) motors. Off-grid
applications include both stand-alone systems, and hybrid systems,
which are similar to stand-alone systems but also include a fossil
fuel generator (Genset) to meet some of the load requirements and
provide higher reliability. The studies have demonstrated that a
solar PV combined with diesel engine (hybrid) has relatively lower
LCOE than a pure diesel generator-only. Nevertheless, the capital
cost of the battery, which is one of the most significant
components in LCOE evaluation aims to be reduced to more than
60% by 2030 [6]

where ebase is the base case GHG emission factor, eprop is the
proposed case GHG emission factor, Eprop is the proposed case
annual electricity produced, λprop is the fraction of electricity lost in
transmission and distribution for the proposed case, and ecr the
GHG emission reduction credit transaction fee. For both the base
case and proposed case system, the transmission and distribution
losses are deemed to be negligible for on-site generation, such as
off-grid and water-pumping PV applications.

6.

GHG emission factor – base case electricity system

For the base case electricity generation system is strictly required
the calculation of the GHG emission factors, defined as the mass of
greenhouse gas emitted per unit of energy produced. For a single
fuel type, the following formula in equation (2) is used to calculate
the base case electricity system GHG emission factor, ebase:



ebase  eCO2 GWPCO2  eCH4 GWPCH4  eN2OGWPN2O
1 1
 1 



(2)

where eCO2, eCH4, and eN2O are respectively the CO2, CH4 and
emission factors for the fuel/source considered, GWPCO2, GWPCH4,
and GWPN2O are the global warming potentials for CO2, CH4 and
N2O, η is the fuel conversion efficiency and λ is the fraction of
electricity lost in transmission and distribution. The GHG emission
factor will vary according to the type and quality of the fuel, and
the type and size of the power plant. In cases for which there are a
number of fuel types or sources, the GHG emission factor ebase for
the electricity mix is calculated as the weighted sum of emission
factors calculated for each individual fuel source given in equation
(3):
n

ebase   f i ebase,i

(3)

i 1

where n is the number of fuels/sources in the mix, fi is the fraction
of end-use electricity coming from fuel/source i, and ebase, i is the
emission factor for fuel i, calculated through a formula similar to
equation (2):
1
1
(4)
ebase,i   eCO2 ,iGWPCO2  eCH 4 ,iGWPCH 4  eN 2O ,iGWPN 2O 
, i 1   , i

eCO2 ,i , eCH 4 ,i and eN 2O ,i are

Figure 2: Schematic representation of a PVWP system [5].

where

respectively the CO2, CH4

PVWP application in agriculture sector can bring and provide
water for irrigation purposes. This solution represents an
alternative to simplify the installation process and to facilitate the
independent electricity anywhere, reducing the cost of electrical
wiring network infrastructure and design, installation time and
maintenance. Other important outcomes from this proposed system
are as below:
 Greater accessibility to equipment,
 Reduced time for flaws detection and reducing visits to the
site. The perspective of a wide use of green power motivates
the scientific community to study the possibility of fabricating
hybrid-PV modules providing autonomous electricity station
especially in remote areas.
RETScreen Expert, an advanced computer software which a basic
energy model used for small different off-grid PV configurations is
chosen.

and N2O emission factors for fuel/source i,

 ,i

is the fuel

conversion efficiency for fuel i, and  ,i is fraction of electricity
lost in transmission and distribution for fuel i.
The GHG emission factor for the electricity mix will apply from
year 1 up to the year of change in baseline, as specified by the user,
unless no changes are specified; in this case, the emission factor
will apply throughout the life of the project. When a change in the
baseline emission factor is specified, the new factor for the year
that the change in baseline takes place, and the years that follow
will be determined by (e*):

e*base  ebaserchange
where

rchange

(5)

is the percentage change in the base case (baseline)

GHG emission factor for the year that the change in baseline takes
place, and the years that follow.
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7.

GHG emission factor – proposed case electricity
system

conjunction with the net GHG reduction to calculate the annual
GHG reduction revenue. Prices for GHG reduction credits, per
equivalent ton of CO2 (tCO2), vary widely depending on how the
credit is generated and how it will be delivered. Other factors
which have an impact on price may include voluntary or
mandatory emissions reduction; private or public purchase of
credits; credits traded within, for example, the European Union
Greenhouse Gas Emission Trading Scheme (EU ETS), other
national, transnational, or regional schemes; type of technology
used to generate the emissions reductions; and others. As of May
2014, prices including rates for carbon taxes varied between $1 to
$168 per ton of CO2 [7].
The model escalates the GHG reduction credit rate yearly
according to the GHG reduction credit escalation rate starting from
year 1 and throughout the GHG reduction credit duration as it is
given in the table 4.

The calculation of the proposed case electricity system GHG
emission factor, eprop, is similar to that of the base case GHG
emission factor, with the exception that for off-grid systems the
fraction of electricity lost in transmission and distribution is set to
zero. eprop is therefore calculated through equation (2) with λ=0, in
the case of a single fuel/source, or through equations (3) and (4)
with all λi=0, in the case of a mix of fuel/sources.

8.

Silmulation of the PVWP system in RETScreen Expert

Emission factors will vary for different types and qualities of fuels,
and for different types and sizes of power plants.. The electricity
mix factors thus account for a weighted average of the fuel
conversion efficiencies and T&D losses of the different fuel types.
For fuel type selected, diesel 2, 100% single fuel mix, units are
given in (kg/GJ) as it is shown in table 2.

Table 4: Calculation of the carbon credit revenue

CH4 emission factor
k(g/GJ)

N2O emission factor
(kg/GJ)

70

0.002

0.0006

(%)
Electricity
Mix (%)

100

215

0.0063

0.0018

GHG emission factor
(tCO2/MWh)

CO2 emission factor
(kg/GJ)

100

T&D losses (%)

Fuel Mix

Fuel Mix

Electricity Generation
efficiency (%)

Fuel Type (Base
case)

Table 2:Emission factors for the chosen fuel type taken in the
study (Diesel#2)

7

0.777

7

0.777

$/tCO2

25

GHG reduction credit duration

Yrs.

25

GHG reduction credit escalation rate

%

Gross annual GHG emission reduction

tCO2

GHG credits transaction fee

%

Net annual GHG emission reduction

tCO2

GHG reduction revenue

$

2
0.3203
2
1.9416
48.5

Carbon credit instruments often coexist with other heterogeneous
policies that may directly or indirectly contribute to reducing GHG
emissions by addressing areas such energy or infrastructure. In our
study they have to be planned to interact and complement other
strategic priorities at local and national levels. The GHG reduction
credit duration is acceped to be applied all into the whole lifetime
of the proposed PVWP system with a reduction credit escalation
rate of 2%. From the calculation the net annual GHG results
1.9416tCO2 leading to 48.5$ of GHG reduction revenue. The credit
transaction fee is accepted 2%. In the graph in figure 3 the results
of the simulations of the hybryd system compared to that of the
base case (diesel powered water pump alone) is given. The
proposed system, hybrid PV offers the lowest possible scenario for
the mitigation of GHG emissions resulting to 0.0315tCO2
compared to baseline scenario 2.0127tCO2.

35

In the baseline case the diesel 2 fuel type is chosen in the
simulation of the system. A typical Genset could have an
electricity generation efficiency of 35% and CO2 emission factor
results 70kg/GJ. Specific emission factor for N2O for the selected
fuel type is 0.0006 kg/GJ resulting to 0.0024 kg/GJ and 0.0063
kg/GJ of CH4.
The GHG emission factor results 0.777 tCO2/MWh including 7%
T&D losses.
Table 3: Calculation of CO2, CH4 and N2O for the base case
system.
GHG emission
(tCO2)

1,8

1,9812

2,0127

1,9416

1,5

tCO2

Fuel
consumption
(MWh)
GHG emission
factor
(tCO2/MWh)

N2O emission
factor (kg/GJ)

CH4 emission
factor (kg/GJ)

CO2 emission
factor (kg/GJ)

Fuel Mix

Fuel Type
(Baseline GHG
Summary)

2,1

1,2
0,9

0,3

2

0.777

2.6

0.0018

0.0063

297.8

Electricity

100%

0,6

0,0315

0
Base case (tCO2)

In the table 3 the GHG emission for the base case system by
multiplying the fuel consumption by the GHG emission factor. The
model also calculates the GHG emission for the base case system
by multiplying the annual system losses by the global warming
potential. The total gross annual GHG release in environmental
results 2.0127tCO2.

9.

Proposed case(tCO2)

Gross annual GHG
Net annual GHG emission
emission reduction (tCO2)
reduction (tCO2)

Figure 3: Results of the simulation of the baseline scenario and PVWP
system.

The simulation shows that an amount of 1.9416 tCO2 is reduced by
the proposed PVWP system equivalent to 851 litres of gasoline not
used or 0.4503 acres of forest absorbing carbon.

GHG reduction credit

In this case study the optional GHG reduction credit, per
equivalent ton of CO2 (tCO2) is considered. It is used in
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payback should not be used as the primary indicator to evaluate a
project. It is useful, however, as a secondary indicator to indicate
the level of risk of an investment. A further criticism of the simple
payback method is that it does not consider the time value of
money, nor the impact of inflation on the costs. On the other hand,
the payback period is often of great importance to individuals or
small firms that may be cash poor. In our study the payback period
results 5.7 years.

10. Financial analysis of the proposed PVWP system.
Simulation period

25

Project life

yrs.

Inflation

%

Discount rate

%

25
3
8
3

Water sale

€/m

0.06

Payback period

yrs.

5.7

NPV

€

4961.74

Yearly Water income (After-tax-profit)

€

793

GHG reduction revenue

$

48.5

11. Conclusion
The present paper has identified various aspects related to PVWP
system for an autonomous water supply in Divjaka region,
including an universal understanding of the GHG emission
mitigation process. The existing diesel water pump generators can
be substituted by applying photovoltaic (PV) technology which can
be combined in perfect harmony as the maximum solar radiation
falls in the same period when water demand is high. In this paper,
the feasibility of a single integrated autonomous PVWP system,
discussing its potentiality in agriculture sector is analyzed.
As a conclusion replacement of diesel-powered water pumping
used only for irrigation purposes results in an annual net reduction
of CO2 emissions by 1.9416 ton per year which is equivalent to
861 litres of gasoline not burned. The net specific GHG reduction
results 0.09708 kgCO2/m2, simple payback period results 5.7 year
and Net Present Value (NPV) 4961.74€ and by applying a Feed-in
tariff 0.0600 €/m³ then the water sale income results 19 817 € for
the entire project life of 25 years starting from 2022.
The outputs of the study can be used by policymakers in the
country in the way in the decarbonization of the energy sector,
especially the agriculture sector, fully based on fossil fuel (73%).

Figure 4: Cumulative cashflow (€)
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