UNIVERSITY OF NOVI SAD
Technical faculty “Mihajlo Pupin”
Zrenjanin, Republic of Serbia

In cooperation with partners

Industrial Engineering

and
Environmental Protection

HZS

conference

// /l/

X Internat;onal Confelge\lm}ce =
strial Englneermg/ d Environme
Protectlon‘_(IIZS 2020)

Zrenjanin, 8-9™ October 2020.




University of Novi Sad
Technical faculty “Mihajlo Pupin”
Zrenjanin, Republic of Serbia

X International Conference

Industrial Engineering and

Environmental Protection
(11ZS 2020)

Proceedings

Zrenjanin, 8 — 9™ October 2020.



IN COOPERATION WITH PARTNERS:

Universitatea
Politehnica
Timisoara

UNIVERSITY
POLITEHNICA
TIMISOARA,
FACULTY OF
ENGINEERING,
HUNEDOARA,
ROMANIA

L

YHHBEP3HTET
CeK/M/MEHT OXPHACKH

UNIVERSITY «St.
KLIMENT
OHRIDSKI,
TECHNICAL
FACULTY, BITOLA,
MACEDONIA

+AUREL VLAICU”
UNIVERSITY OF
ARAD, FACULTY OF
ENGINEERING,
ARAD, ROMANIA

75 VCTOYL S

R

UNIVERSITY OF
EAST SARAJEVO,
FACULTY OF
MECHANICAL
ENGINEERING EAST
SARAJEVO,
REPUBLIC OF
SRPSKA, B&H

UNIVERSITY OF
GIRESUN, FACULTY
OF ENGINEERING,
GIRESUN, TURKEY




X International Conference - Industrial Engineering and Environmental
Protection (11ZS 2020)

Organizer of the Conference:
Technical faculty “Mihajlo Pupin”, Zrenjanin, University of Novi Sad, Republic of Serbia

Reviewers:

Ph. D Slavica Prvulovic, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia
Ph.D Bogdana Vuji¢, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia

Ph.D Eleonora Desnica, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia
Ph.D Ljiljana Radovanovi¢, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia
Ph.D Jasmina Pekez, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia

Ph. D Vladimi Sinik, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia

Ph.D Visnja Mihajlovi¢, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia
Ph.D Snezana Filip, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia

Publisher:
Technical faculty “Mihajlo Pupin”, Zrenjanin, University of Novi Sad

For publisher:
Ph.D Dragica Radosav, Dean of Technical faculty “Mihajlo Pupin”, Zrenjanin

Technical treatment:

MSc Miéa Purdev, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia

MSc Borivoj Novakovié, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia
BSc Luka Pordevi¢, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia
MSc Ivan Palinkas, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia

The Conference is supported by the Ministry of Education, Science and Technological Development,
Republic of Serbia

ISBN: 978-86-7672-340-9

CIP - Karanoruszamnuja y myOiauKamnmju
bubmmnorexe Matuie cprcke, HoBu Cag

62:005.3(082)(0.034.4)
502/504(082)(0.034.4)

INTERNATIONAL Conference Industrial Engineering and Environmental
Protection (10 ; 2020 ; Zrenjanin)

Proceedings [Elektronski izvor] / X International Conference Industrial Engineering and
Environmental Protection (11ZS 2020), Zrenjanin, 8-9th October 2020. - Zrenjanin :
Technical Faculty "Mihajlo Pupin”, 2020. - 1 elektronski opti¢ki disk (CD-ROM) ; 12 cm
Nasl. sa naslovnog ekrana. - Bibliografija uz svaki rad.

ISBN 978-86-7672-340-9

a) UaaycTpujcko nHkemepcTBO - 30opHuin 0) JKuBoTHa cpeanHa - 3amTuTa - 300pHUALIH

COBISS.SR-1D 22384393




SCIENTIFIC COMMITTEE - TECHNICAL FACULTY ,,MIHAJLO PUPIN*

Ph.D Slavica Prvulovi¢, Technical faculty "Mihajlo Pupin®, Zrenjanin, Serbia
Ph.D Vjekoslav Sajfert, Technical faculty "Mihajlo Pupin®, Zrenjanin, Serbia
Ph.D Ljiljana Radovanovi¢, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia
Ph.D Bogdana Vuji¢, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia

Ph.D Eleonora Desnica, Technical faculty *Mihajlo Pupin®, Zrenjanin, Serbia
Ph.D Vladimir Sinik, Tehnicki fakultet "Mihajlo Pupin", Zrenjanin, Serbia

Ph.D Nadezda Ljubojev, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia
Ph.D Jasmina Pekez, Technical faculty "Mihajlo Pupin”, Zrenjanin, Serbia

Ph.D Snezana Filip, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia

Ph.D Visnja Mihajlovi¢, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia

INTERNATIONAL SCIENTIFIC COMMITTEE

Ph.D James G. Speight, CD&W Inc., Laramie,Wyoming, USA

Ph.D Hosam E.A.F. Bayoumi Hamuda, Obuda Univerzity, Budapest, Hungary

Ph.D Svetlana Lilkova, University of Architecture, Civil Engineering and Geodesy (UACEG), Faculty of
Hydraulic Engineering, Sofia, Bulgaria

Ph.D Dimitar G. Petrov, Technical University Sofia, branch Plovdiv, Bulgaria

Ph.D Valentina Emilia Balas, "Aurel Vlaicu" University of Arad, Faculty of Engineering, Arad, Romania
Ph.D Imre Kiss, University Politehnica Timisoara, Faculty of engineering, Hunedoara, Romania

Ph.D Francisc Popesku, University Politehnica Timisoara, Timisoara, Romania

Ph.D Mukrimin Sevket Guney, University of Giresun, Faculty of Engineering, Giresun, Turkey

Ph.D Mustaca Serkan Soylu, University of Giresun, Faculty of Engineering, Giresun, Turkey

Ph.D Yalgin Tepe, University of Giresun, Faculty of Engineering, Giresun, Turkey

Ph.D Mustafa Turkmen, University of Giresun, Faculty of Engineering, Giresun, Turkey

Ph.D Aysun Turkmen, University of Giresun, Faculty of Engineering, Giresun, Turkey

Ph.D Muharrem Hilmi Aksoy, Selcuk University, Engineering Faculty, Konya, Turkey

Ph.D Alexander Salnikov, Ukhta State Technical University (USTU), Ukhta, Republic of Komi, Russia
Ph.D Hrvoje Glavas, Josip Juraj Strossmayer University of Osijek, Faculty of Electrical Engineering,
Computer Science and Information Technology, Osijek, Croatia

Ph.D Tomislav Bari¢, Josip Juraj Strossmayer University of Osijek, Faculty of Electrical Engineering,
Computer Science and Information Technology, Osijek, Croatia

Ph.D Mirko Karakasi¢, Josip Juraj Strossmayer University of Osijek, Faculty of Mechanical Engineering
Slavonski Brod, Slavonski Brod, Croatia

Ph.D Vangelce Mitrevski, University «Sv. Kliment Ohridski«, Technical Faculty, Bitola, Macedonia
Ph.D Tale Geramitcioski, University «Sv. Kliment Ohridski«, Technical Faculty, Bitola, Macedonia
Ph.D Milija Krai$nik, University of East Sarajevo, Faculty of Mechanical Engineering, Republic of Srpska,
Bosnia and Herzegovina

Ph.D Mirjana Vojinovi¢ Miloradov, professor emeritus, University of Novi Sad, Faculty of Technical
Sciences, Novi Sad, Serbia

Ph.D Bratislav Blagojevi¢, University of NiS, Faculty of Mechanical Engineering, Nis, Serbia

Ph.D Blaza Stojanovi¢, University of Kragujevac, Faculty of Engineering, Kragujevac, Serbia

Ph.D Dragan D. Milanovi¢, University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia
Ph.D Mijodrag Milosevi¢, University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia

Ph.D Dejan Lukic, University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia

Ph.D Milan Rackov, University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia

Ph.D Snezana Dragicevic, University of Kragujevac, Faculty of Technical Sciences, Cacak, Serbia

Ph.D Jasmina Radosavljevic, University of Nis, Faculty of Occupational Safety, Nis, Serbia

Ph.D Amelija Pordevic, University of Ni$, Faculty of Occupational Safety, Ni§, Serbia

Ph.D Ivona Radovic, University of Belgrade, Faculty of Technology and Metallurgy, Belgrade, Serbia
Ph.D Mirjana Kijevcanin, University of Belgrade, Faculty of Technology and Metallurgy, Belgrade, Serbia
Ph.D Aleksandra Sretenovic, University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia
Ph.D Aleksandra Mihailovic, University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia
Ph.D Nebojsa Ralevic, University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia



Ph.D Aleksandar ASonja, University Business Academy in Novi Sad, Faculty of Economics and
Engineering Management in Novi Sad, Serbia

Ph.D Marina Milovanovic, University “Union — Nikola Tesla", Faculty for entrepreneurial business and
real estate management, Belgrade, Serbia

Ph.D Jasmina PeriSic, University "Union — Nikola Tesla", Faculty for entrepreneurial business and real
estate management, Belgrade, Serbia

Ph.D Jordana Ninkov, Senior Research Associate, Institute of Field and Vegetable Crops, Novi Sad, Serbia
Ph.D Tamara lvetic, Senior Research Associate, University of Novi Sad, Faculty of Sciences, Department
of Physics, Novi Sad, Serbia

Ph.D Marko Ristic, Research Associate, Institute Mihajlo Pupin, Belgrade, Serbia

Organizing Committee:

Ph.D Ljiljana Radovanovi¢, Technical faculty '"Mihajlo Pupin", Zrenjanin, Serbia
Ph.D Slavica Prvulovi¢, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia

Ph.D Eleonora Desnica, Technical faculty "Mihajlo Pupin”, Zrenjanin, Serbia

Ph.D Bogdana Vuji¢, President, Technical faculty "Mihajlo Pupin®, Zrenjanin, Serbia
Ph.D Jasmina Pekez, Technical faculty "Mihajlo Pupin®, Zrenjanin, Serbia

Ph.D Vis$nja Mihajlovi¢, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia

Ph.D Vladimir Sinik, Tehnicki fakultet "Mihajlo Pupin®, Zrenjanin, Serbia

Ph.D Snezana Filip, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia

Ph.D Zoran Cepié, Faculty of technical sciences, Novi Sad, Serbia

M.Sc Jasna Tolmac, Technical faculty "Mihajlo Pupin”, Zrenjanin, Serbia

M.Sc Ivan Palinkas, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia

M.Sc Una Marceta, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia

M.Sc Borivoj Novakovic, Technical faculty "Mihajlo Pupin®, Zrenjanin, Serbia

M.Sc Mi¢a Burdev, Technical faculty "Mihajlo Pupin”, Zrenjanin, Serbia

B.Sc Eleonora Terecik, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia

B.Sc Luka Pordevi¢, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia



Word of Thanks

We wish to thank Ministry of Education,
Science and Technological Development, Republic of Serbia,
for donated financial means which supported printing
the Conference Proceedings and organization of
X International Conference -
Industrial Engineering and Environmental Protection (11ZS 2020)



INTRODUCTION

Departments of Mechanical engineering and Department of Environmental protection of Technical
Faculty "Mihajlo Pupin”, Zrenjanin, has organized the X Anniversary International Conference
«Industrial Engineering and Environmental Protection — [1ZS 2020».

The topics of scientific conference «lIZS 2020», cover the fields of Industrial engineering and
Environmental protection: Mechanical engineering, Energetics and process technique, Designing and
maintenance, Oil and gas engineering, Health and environmental protection, Environmental
management and Occupational safety.

The main goals of the conference are: innovation and expansion of knowledge engineers in industry
and environmental protection; support to researchers in presenting the actual results of research
projects, establishing new contacts with leading national and international institutions and
universities; popularization of the faculty and its leading role in our society and the immediate
environment, in order to attract quality young population for studying at our faculty, cooperation with
other organizations, public companies and industry; initiative for collecting ideas in solving
specific practical problems; interconnection and business contacts; introducing professional and
business organizations with results of scientific and technical research; presentation of scientific
knowledge and exchange of experiences in the field of industrial engineering.

We would like to express our gratitude to the partners of the conference — ,,Aurel Vlaicu” University
of Arad, Faculty of engineering, Arad, Romania; University «St. Kliment Ohridski«, Technical
faculty, Bitola, Macedonia; University Politehnica Timisoara, Faculty of engineering, Hunedoara,
Romania; University of East Sarajevo, Faculty of mechanical engineering East Sarajevo, B&H,
Republic of Srpska; University of Giresun, Faculty of engineering, Giresun, Turkey for supporting
the organization of the 10 Anniversary International Conference «11ZS 2020». We are also grateful to
all the authors who have contributed with their works to the organization of the scientific meeting
«l1ZS 2020.

We would like to extend our special thanks to the Ministry of Education, Science and Technological
Development, Republic of Serbia and the management of Technical Faculty «Mihajlo Pupin»,
University of Novi Sad, for supporting the organization of the Conference «11ZS 2020».

Since we are celebrating the 10th Anniversary of our Conference we are trying to keep the tradition of
researchers meeting every year. We are open and thankful for all useful suggestions which could
contribute that the next, XI International Conference - Industrial Engineering and Environmental
Protection, become better in organizational and program sense.

Chairman of the Organizing Committee
Prof. Ph.D Ljiljana Radovanovi¢

Zrenjanin, 8 - 9" October 2020.
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THE INFLUENCE OF THE ADSORBENT HYDRATION ON COBALT
ADSORPTION FROM WATER SOLUTIONS
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Abstract: In this paper, adsorption of cobalt (I) ions from aqueous solutions was investigated, using Ca-alginate
particles and composite made from Ca-alginate and hemp fibers with different degree of hydration in order to
determine kinetics and adsorption isotherms for this processes. The concentrations of cobalt were monitored
using atomic absorption spectrophotometry (AAS). Based on the experimental results, kinetic parameters and the
coefficients for Langmuir and Freundlich adsorption isotherms were obtained. The obtained results showed that
pretreatment had relatively high impact on cobalt adsorption and that investigated materials can provide a
reduction of cobalt (I1) ions concentration in wastewater in a cost-effective and efficient manner.

Key words: cobalt, adsorption, alginate beads, alginate-hemp fiber composite

INTRODUCTION

Clear water is essential for preservation of life on Earth. However, intensive industrial development
has led to increased water pollution making it one of the greatest problems facing humanity today [1].
Some of the most common and most dangerous water pollutants are heavy metals. These are very
toxic, non-degradable substances that must be removed from water in order to preserve its natural
composition.

Cobalt is silver-gray, shiny, ductile and magnetic hard metal which chemical properties are very
similar to nickel and iron [2, 3, 4]. The most common oxidation states of cobalt are +2 (cobaltous) and
+3 (cobaltic) [3, 4]. Cobalt is rarely found in nature - there are traces of cobalt in Earth’s crust and in
mineral ores. In small amounts cobalt is necessary for normal functioning of human body since it is
important constituent of vitamin B12. On the other hand, exposure to larger concentration of cobalt
may indicate some serious health issues like cardiomyopathy, occupational contact dermatitis, chronic
thyroiditis, polycythemia, etc. Since cobalt is widely used in industrial processes, its concentration in
human environment including water is rising [2]. Therefore, removal of this element from industrial
wastewater is necessary in order to prevent possible adverse effects of cobalt exposure on humans.
Over the years, many technologies for water purification from heavy metals have been developed.
Commonly used methods include chemical precipitation, membrane separation, electroflotation, ion
exchange, reverse osmosis and adsorption [5]. Adsorption stands out among listed methods for its
flexibility and simple application. Cost of adsorption can be reduced by using easily available, low-
cost materials such as biosorbents [1].

In this study the adsorption of cobalt ions from agueous solutions using Ca-alginate and Ca-alginate-
hemp fiber composite in different hydration condition was investigated.

THEORY
Alginates

Alginates are natural, linear, anionic, water-soluble polysaccharides which can be isolated from cell
wall of brown algae. These are complex compounds which consist of a-L-guluronic acid and B-D-
manuronic acid blocks (G and M block respectively) linked by 1,4-glycosidic bonds. Number and
arrangement of these bounds have great impact on alginate properties. Alginate gels contain functional
groups (carboxylic and hydroxyl) which represents active sites for metal ion binding hence they can be
used as adsorbents. Due to their properties like low toxicity, biocompatibility, relatively low prices
and simply gelation, alginates are increasingly used for adsorption of heavy metal ions from water [6].
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Hemp fibers

Hemp has a great potential in removal of heavy metals from water due to its large biomass, low costs
and easy growing. As well as alginates, hemp fibers contain different functional groups in its structure
which allow them to bind metal ions from liquid. Content and position of these functional groups have
significant influence on adsorption capacity of hemp fibers. Structure of hemp fibers can be modified
in order to improve its adsorption ability [7, 8].

Adsorption Kinetics

In order to understand and/or design adsorption process, knowledge of adsorption kinetic is required.
There are many mathematical models that describe adsorption kinetic. Some of the models that are
commonly used for this purpose are pseudo-first order model, pseudo-second order model and Weber-
Moriss model [9].

Pseudo-first order model assumes that adsorption process follows first-order mechanism [9].

Linear form of pseudo-first model is given by following expression:

In(ge — q¢) = Inq, + kyt €Y)

where ge is equilibrium adsorption capacity in mg/g, q: is adsorption capacity at time t in mg/g, ki is
pseudo-first rate constant in min™ and t is time in min.

According to pseudo-second order model, adsorption is proportional to the available adsorption sites
on the surface of the adsorbent and process can be described by pseudo-second mechanism [9].

Linear form of pseudo-second model is given by following equation:

q
= = kyq? — k3q0q; (2)

t

where k; is pseudo-second order rate constant.

Weber-Moriss model takes into account that adsorption is complex process which contains of film
diffusion, surface diffusion and pore diffusion. It gives ability to determine which of these processes is
the slowest and therefore limit the overall rate of the process [9].

Weber-Moriss model is defined as:

q = KVt + C (3)
where Kj is rate constant in mg/(g-min®%) and C is boundary layer thickness.
Adsorption isotherms

Adsorption isotherms are mathematical expressions that give connection between amount of adsorbate
attached on a surface of adsorbent and equilibrium concentration of adsorbate [10]. There are many
different adsorption isotherms models among which the most famous are Langmuir and Freundlich
isotherm.

Langmuir isotherm is based on assumptions that adsorbent surface consists of equal adsorption sites
which can bind only one adsorbate molecule.

Linear form of Langmuir isotherm is given by equation:

c. 1 4 ar, @)
—_— — —C
. K, K, °

where ce is equilibrium concentration of adsorbate in solution in mg/dm?, K is adsorption equilibrium
constant in dm*g and a, is Langmuir constant connected with adsorption energy in dm3/mg.
Freundlich isotherm describes adsorption on heterogeneous adsorbent surface [11].

Linear form of Freundlich isotherm is given by equation:

4
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1
Ing, =InKg +Elnce (5

where K is adsorption constant in (mg/g)(dm3/mg)¥", and 1/n is adsorption intensity.
EXPERIMENTAL

The experiments were conducted using: extract of brown algae in a powder form, cobalt-chloride
(CoCly-6H,0), calcium-chloride (CaCl,-2H,0), industrial hemp fibers and distilled water. Preparation
of a standard 500 ppm cobalt-chloride solution, an alginate solution, alginate particles and an alginate-
hemp fiber composite was performed.

¢ Standard 500 ppm solution of cobalt-chloride was made by dissolving 0,505 g of CoCl»:6H-0 in 250
ml of distilled water. Working solutions of different concentrations (10, 20, 30, 50 and 75 ppm) were
obtained by adding appropriate amount of standard cobalt-chloride solution in 50 ml of distilled water.
¢ Alginate solution was prepared by dissolving 1 g of brown algae powder in 50 ml of distilled water.
This solution was later used to obtain alginate particles and alginate-hemp fiber composite.

o Alginate particles were made by instilling 2% alginate solution in 2% calcium-chloride solution in
distilled water. Particles were submerged in solution for 24 hours. Thereafter, they were rinsed with
distilled water and left in it for another 24 hours. Three sets of particles with different degree of
hydration were made - dry particles, rehydrated particles and fresh particles. First set of particles (dry
particles) was dried at 60 °C for 24 hours. Second set of particles (rehydrated particles) was rehydrated
in distilled water for 24 hours after drying. Third set of particles (fresh particles) was inserted in cobalt
solution without drying.

¢ In order to obtain alginate-hemp fiber composite, hemp fibers were immersed for 24 hours in each
of following liquids respectively: alginate solution, calcium-chloride solution and distilled water. As
well as particles, composite were made in three forms - dry composite, rehydrated composite and fresh
composite. Dry composite was obtained by drying treated fibers at 60 °C for 24 hours. Rehydrated
composite was obtained by rehydrating treated fibers in distilled water for 24 hours. Remaining treated
fibers were submerged in cobalt solution and it represents fresh composite.

Convenience of every set of alginate particles and alginate-hemp fiber composite for adsorption of
cobalt from aqueous solutions was tested. During the experiments, samples of these solutions were
taken at 3, 5, 7. 10, 15, 30, 60, 120 and 300 minutes and the cobalt concentration in them was
measured.

RESULTS AND DISCUSSION
Adsorption capacity as a function of contact time

Adsorption capacity (qg:) presents amount of adsorbate which is adsorbed per unit mass of adsorbent
and is given by the following equation:

(co —cV

Ge=—"—— (6)

where ¢y is the initial concentration of cobalt in mg/dm?, ¢, is the concentration of cobalt at time t in
mg/dm?3, m is the mass of the adsorbent in g and V is the volume of the solution in dm?.
Time-dependence of adsorption capacity for all investigated adsorbents is shown in Figure 1. The tests
were performed on the 50 ppm working solution.
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Fig. 1. The adsorption capacity vs. time, for co=50 ppm Co(ll) ions, at 250 rpm, and 25 °C.

As can be seen in Figure 1, in almost all cases observed, equilibrium was established after ~ 120 min.
Rehydrated particles have been showed to have the greatest adsorption potential, while adsorption
potential of fresh composite is the lowest.

Values of equilibrium adsorption capacities (measured after 24h) are given in Table 1.

Table 1. The equilibrium sorption capacity, for co = 50 ppm Co(ll) ions, at 250 rpm, and 25 °C

Dry Dry Rehydrated | Rehydrated Fresh Fresh
Adsorbent - . . - i i
particles | composite particles composite | particles | composite
Qeexp (MY/g) 14.31 10.34 14.85 10.26 11.61 8.35

As it can be seen, using alginate particles as an adsorbent always gives a better result compared to
composite, which is expected as alginate have bigger adsorption capacity than hemp fibers [12]. As for
the particles, the best results were obtained using the one which were rehydrated. On the other hand,
dry composite proved to be the best of the examined composite sets. As it can be seen in all cases the
drying has positive effect on adsorption capacity probably due to the cracks in adsorbent structure that
enable easier diffusion of adsorbate inside the adsorbent.

Results obtained for initial concentration of 75 ppm of cobalt-chloride where compared with results
obtained for adsorption of cadmium (1) ions using same adsorbents [13]. In both cases better result
were obtained using alginate particles, while the fresh adsorbents have the lowest adsorption potential.
Furthermore, values of adsorption capacity are lower for cobalt (I1) comparing to cadmium (1) ions.

Adsorption capacity as a function of initial concentration of cobalt in solution
Defining the dependence of the adsorption capacity on the initial concentration of adsorbate enables
the construction of adsorption isotherms that are crucial for the analysis of the adsorption process.

Within this paper, examination of five solutions with cobalt concentrations of 10, 20, 30, 50 and 75
were performed. Results are presented in Figure 2.

14 1

[
[8]

qe [mg/g]
S

8 1 —4—dry particles
6 —&—dry composite
rehydrated particles
49 —¢—rehydrated composite
2 = fresh particles
fresh composite
0 T T T T T T T |
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¢y [mg/dm?]

Fig. 2. The adsorption capacity vs. initial concentration of cobalt, at 250 rpm, and 25 °C.
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Figure 2 shows that as initial concentration of cobalt in solution increases, so does the adsorption
capacity. This graph also confirms previously presented conclusion that particles give better results
than composite in the same condition.

Adsorption efficiency

Adsorption efficiency is obtained by following equation:

Co — Ce

R [%] = 100

(7)

Co

Dependence of adsorption efficiency on contact time for tested adsorbents obtained by experiments on
50 ppm working solution is presented in Figure 3.

70 + /‘ﬁ
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Fig. 3. The adsorption efficiency vs. time, for co=50 ppm Co(ll) ions, at 250 rpm, and 25 °C

0 50 100

As it can be seen, the highest adsorption efficiencies are shown by dry and rehydrated particles. Using
these adsorbents, after 120 minutes adsorption of about 70 - 80 % of cobalt ions was achieved. For the
same time, about 60 % of cobalt ions were adsorbed on fresh particles. As for the composite,
efficiency is somewhat lower. All sets of composite achieve adsorption of about 60 - 70 % of cobalt
ions. It is also shown that the adsorption process on composite is slower compared to the process that
takes place on the particles.

Adsorption kinetics

The adsorption kinetics of cobalt (Il) ions on alginate particles and alginate-hemp fiber composite
were examined using pseudo-first order and pseudo-second order kinetic model.

Results obtained for rehydrated particles are presented in Figures 4 as example, while results obtained
for all of examined adsorbents are shown in Table 2. Tests were performed on 50 ppm working
solution.

Table 2. The obtained parameters for pseudo-first order and pseudo-second-order Kinetic model

Kinetic p Dry Dry Rehydrated | Rehydrated | Fresh Fresh
model arameter particles | composite | particles composite | particles | composite
Pseudo- K1 (min?) -0.0093 -0.0115 -0.0091 -0.0111 -0.0112 -0.0079
first ge (Mg/g) 9.488 6.007 11.36 4.54 4.319 4.384
order R? 0.82 0.96 0.91 0.88 0.74 0.93
Pseudo- Kz (min?) 0.0039 0.0084 0.003 0.0128 0.0142 0.0124
second ge (Mg/g) 15.75 11.86 17.12 10.87 12.05 9.174
order R? 0.99 0.99 0.99 0.99 0.99 0.99
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Fig. 4. The kinetics of Co(ll) adsorption on rehydrated particles for co=50 ppm at 250 rpm, and 25 °C;
(a) pseudo-first order, (b) pseudo-second order

Values of R? is closer to unity for pseudo-second model than for pseudo-first model which indicates
that adsorption of cobalt (II) ions on investigated adsorbents is better described by pseudo-second
kinetic model. Also, values of adsorption capacity calculated based on pseudo-second model are closer
to the experimentally determined ones.
The kinetics of cobalt (I1) ions adsorption on alginate particles and alginate-hemp fiber composite
were also investigated by Weber-Moriss kinetic model. Results obtained for rehydrated particles are
shown in Figure 5, while parameters of this model for different adsorbents are shown in Table 3.
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Fig. 5. The kinetics of Co(ll) adsorption on rehydrated particles described
with Weber-Moriss kinetic model for ce=50 ppm at 250 rpm, and 25 °C

Table 3. The obtained parameters for Weber-Moriss kinetic model

Kinetic p Dry Dry Rehydrated | Rehydrated | Fresh Fresh
arameter . : . . . .
model particles | composite | particles composite | particles | composite
K‘r‘r’]lif]rﬂglg 0079 | 0.214 0.19 0.053 0.024 | 0.105
Weber- Kigz (Mg/
Moriss ;finl,zg) g 1.38 0.41 0.8 0.55 0.3 0.49
model Koga (1]
;‘j‘iﬁug g - 0.97 171 1.02 1.46 -

Presented results show that dependence of adsorption on contact time for all tested adsorbents is multi-
linear. This indicates that process of adsorption consists of several stages, namely that intraparticle
diffusion isn’t dominant mechanism.
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Adsorption equilibrium

The equilibrium of cobalt (I1) ions adsorption on different adsorbents was tested using Langmuir and
Freundlich isotherms. Figure 6 presents results obtained for rehydrated particles, while results
obtained for all investigated adsorbents are summarized in Table 4.

& Calge
linear fit of data 2 log(gs)

linear fit of data

cefqe

log g

c, ’ \Ogac;
(a) (b)
Fig. 6. The adsorption isotherm for Co(ll) adsorption on rehydrated particles for c,=50 ppm at 250
rpm, and 25 °C; (a) Langmuir, (b) Freundlich

Table 4. The obtained parameters for Langmuir and Freundlich isotherm

Adsorption P Dry Dry Rehydrated | Rehydrated Fresh Fresh
. arameters . . . . . i
isotherm particles | composite | particles composite | particles | composite

Ki (min) 0123 | 0.146 0.183 0.158 0.036 0.053

Langmuir | qm (Mg/g) 2439 15.31 2217 15.15 28.91 16.67
R? 0.95 0.92 0.96 0.94 0.85 0.14

1
Ki(mag) | 7360 | 3837 4721 3,499 1535 | 2897
) (dm3 mg 1)l/n

Freundlich ™ 0/qmd) 3425 | 3,058 2,364 2,703 1488 | 2,849
R? 0.90 0.97 0.99 0.96 0.99 0.23

Higher values of R? obtained by fitting experimental data with Freundlich isotherm point out that this
isotherm better represent equilibrium of cobalt (11) ions adsorption on investigated adsorbents then
Langmuir isotherm except for dry particles. Since Freundlich isotherm is defined to describe
heterogeneous adsorption, obtained results confirm that adsorption of cobalt (I1) ions is multistage
process as kinetic study already showed. However, R? coefficients for fresh composite obtained using
both, Langmuir and Freundlich isotherm, are very low which suggests that these models don’t describe
equilibrium of adsorption of cobalt (I) ions on this adsorbent well and that another model has to be
applied.

CONCLUSION

Based on the performed experiments, the obtained results and the presented discussion, the following
may be concluded:

e The hydration condition of used adsorbent has evident impact on the adsorption process but
further investigation is necessary in order to determine nature and reasons of this impact.

o Alginate particles showed higher adsorption capacity than alginate-hemp fiber composite.

e Adsorption kinetics of Co(ll)-ions on investigated adsorbents can be presented with pseudo-
second order kinetic model. Since rate-limiting process for the pseudo-second order process is
diffusion (physical process) and for the pseudo-first order chemical reaction (chemical process), it may
be concluded that tested adsorbents have good mass transfer properties, namely that their surface is
easily available for adsorption.

e The examined adsorption process is well described by multistage diffusion model which
indicates complex structure of adsorbents.
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e The equilibrium of adsorption of Co(ll)-ions can be described with Freundlich isotherm, which
indicate the heterogeneity of the adsorbents surfaces and multistage adsorption.
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Abstract: Due to the continuous demand of green extraction procedures, Natural Deep Eutectic Solvents
(NDESs) have arisen in the last years as new green solvents alternative to the conventional organic ones.
Compared with conventional organic solvents, NDESs are eco-friendly, biodegradable and non-toxic organic
compounds which are also a low cost, being easy to produce in the laboratory. The aim of this paper is to give
overview of NDESs extraction and to develop an extraction method for lemon balm (Melissa officinalis)
polyphenolic compounds. From a preliminary screening of 5 different natural deep eutectic solvents combination
of betaine and sucrose was selected. The effect of water in eutectic mixture was investigated using selected
mixture. The best results were obtained with 50 % w/w water added to eutectic mixture.

Key words: extraction, natural deep eutectic solvents, lemon balm

INTRODUCTION

The development of new extraction techniques that exclude hazardous solvents and that are
sustainable has been the subject of increasing research interest in recent years. More than fifty review
papers dedicated to the application of natural deep eutectic solvents (NDESSs) in various fields of
science, research and technology (production of new materials, nanotechnology, biotechnology and
bioengineering, the extraction and separation of natural products, liquid-liquid microextraction etc.)
have been published in last five years, [1].
Ideal solvents should be non-volatile (reduced air pollution),non-flammable (process safety), stable
(easier recycling and reuse) and based on renewable sources. NDESs are able to fully address all these
requirements, [2]. Deep eutectic solvents (DESs) are defined as a mixture of two or more components,
which may be solid or liquid and that at a particular composition the melting points of DESs are
significantly lower than the melting points of their individual components. NDESs are a mixture of
two or three components that form intramolecularhydrogen bonds; hydrogen bond acceptors usually
are organicsalts (quaternary ammonium or phosphonium salt), while hydrogen bond donors could be:
sugar, alcohol, amino acid, organic acid etc. In some cases, water could be added to the eutectic
mixture. Since it is possible to use many different components to obtain the eutectic mixtures, it is
possible to obtain a solvent with particular physicochemical properties and selectivity. NDESs are
regarded to have good solubility for many components, including drugs, metal oxides, and carbon
dioxide. Because of mentioned properties NDESs are very interesting as potential green solvents in
many fields, including the extraction of biologically active compounds from plant materials, [2-4].
One of the most important compounds in the plants are polyphenols. Polyphenols offering various
health benefits. Regularly consuming polyphenols is considered to boost digestion and brain health, as
well as protect against heart disease, type 2 diabetes, and even certain cancers. Most of their health
benefits are related to antioxidant activity they possess. More than 8,000 types of polyphenols have
been identified. They can be categorized into 4 main groups:
e Flavonoids (60% of all polyphenols). Examples include quercetin, catechins, and
anthocyanins, which are found in foods like apples, onions, dark chocolate, and red cabbage.
e Phenolic acids (30% of all polyphenols). Examples include hydroxybenzoic and
hydroxycinnamic acids and their derivatives, which are mostly found in fruits, vegetables,
whole grains, and seeds.
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e Polyphenolic amides. This category includes capsaicinoids in chili peppers and
avenanthramides in oats.

e Other polyphenols. This group includes resveratrol in red wine, ellagic acid in berries,
curcumin in turmeric, and lignans in flax seedsand whole grains.

Addition of antioxidants to food delay the formation of toxic oxidation products, maintain nutritional
quality, and extend the shelf-life of products, [5]. Polyphenols are natural antioxidants and the
possibility of their use as an antioxidant in food and as a dietary supplement is increasingly being
studied, [6-8].

Rosmarinic acid (Fig. 1)is a phenolic compoundwhose antioxidant activity has been widely
investigated and well documented including in vivo studies, some of which regard its efficacy in
reducing diabetes, [9]. Although it is named after rosemary from where it was first isolated, one of the
important sources of rosmarinic acid is lemon balm (Melissa officinalis), [10].

OH

O~__OH OH
O

X0

HO
OH

Fig. 1. Rosmarinic acid.

Lemon balm is a perennial herb from the mint family. The leaves, which have a mild lemon aroma, are
used in traditional medicine. Lemon balm is used alone or as part of various multi-herb combination
products.Lemon balm is used for anxiety, stress, insomnia, indigestion, dementia, and many other
conditions. In foods and beverages, the extract and oil of lemon balm are used for flavoring.

The aim of this work was the application of NDESsto the green extraction of polyphenolic compounds
of lemon balm. Extraction abilities of five NDESs were tested in comparison with conventional
extraction with water. NDESs are highlyviscous, which could obstruct mass transfer and lower the
extractionyield, but their viscosities can be reduced significantly bysimply adding an appropriate
amount of water, [11]. Regarding this effect of water addition to the selected NEDS was also
investigated.

MATERIAL AND METHODS
Materials

Dried lemon balm (Melissa officinalis) were purchased frominstitute of Medicinal Plants Research "Dr
Josif Pancic" (Belgrade, Serbia).

Lactic acid and malic acid were produced by Acros Organics (New Jersy, USA), choline chloride by
Merck (Darmstadt, Germany), citric acid, glucose and sucrose by Fisher Scientific (Loughborough,
UK) and betaineby Sigma—Aldrich Chemie (Steinheim, Germany). Formic acid (HCOOH) used for
HPLC analysis was produced by Merck (Darmstadt, Germany) and methanol (MeOH) by J.T. Baker
(Deventer, Netherlands).

Preparation of NDESs

Vacuum evaporatingmethod, [12] was used for preparing natural deep eutecticsolvents (NDESs)in
certain molarratios as listed in Table 1.

Briefly: components were dissolved in water andevaporated at 60°C with a rotatory evaporator
(Heidolph Hei-VAP Value, Schwabach, Germany). The liquid obtainedwas put in a desiccator with
silica gel till they reached a constantweight.
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Table 1. Compositions of prepared NDESs

NDES Abbreviation Molar ratio
Lactic acid: Glucose LA-Glu 1:1
Choline chloride: Malic acid ChCI-MA 15:1
Betaine: Citric acid B-CA 1:1

Choline chloride: Malic acid: L proline ChCI-MA-LPro 1:1:1
Betaine: Sucrose B-Suc 2:1

Extraction procedure

0.1 g of grinded plant material was placed in 10 mL glass with 1.5 ml of solvent, covered with
aluminium foil and heated to a temperature of 40°C using orbital shaker lka KS 4000 i control (IKA-
Werke, Staufen, Germany) during 1 h at 150 rpm. Beside mentioned NDESs extraction was done with
demineralized water (W).

The results showed that the B-Suc mixture was the most suitable for the extraction of rosmarinic acid,
so the influence of the water addition to this mixture was also examined.The 50 % w/w water was
added to the eutectic mixture B-Suc and this mixture (B-Suc-W) was used to extract lemon balm as
it’s described above.

After finishing the extraction processes samples were centrifuged in an Eppendorf Centrifuge 5430 R
(Eppendorf AG, Hamburg, Germany) at 20 °C and 15,000 rpm for 15 minutes. After centrifugation,
the supernatant was separated from the precipitate, filteredthrough a cellulose acetate syringe filter 0.2
um (Agilent, Santa Clara, US) and used in the analyzes.

HPLC analysis

Quantitative analysis of samples was done by Dionex Ultimate 3000 Thermo Scientific (Waltham,
USA) HPLC system and a reverse phase column (PerkinElmer C18, 150 mm x 4.6 mm, 5 pm).
Mobile phase was composed of solvent (A) H20: HCOOH = 100:0.1 % and solvent (B)
MeOH:HCOOH=100:0.1 %. It was conducted by gradient elution in a following way: 0-30 min 10 -
35 % B, then 30-30.1 min 35-100 % B, 30.1 - 35 min 100 % B, 35-35.1 min gradient from 100-10 %
B and 35.1-45 min 10 % B. A flow rate of 1.0 ml/min was used and column was thermostated at 30
°C. Injection volumes of extract and standards (0.5 mM) were 15 and 5 pl, respectively. Detection of
compounds was carried out by UV detector at 280 and 310 nm.

Determination of phenolic content

UV spectra of the extracts was obtained on Shimadzu UV-1800 (Kyoto, Japan). Two absorption peaks
around 280 and 320 nmcharacteristic for chlorogenic acid were measured to estimate the total
polyphenol content in the extracts.

RESULTS AND DISCUSSION

Concentrations of rosmarinic acid in extracts, obtained by HPLC analysis are shown on Fig. 2. It could
be seen that concentration of rosmarinic acid as a main phenolic compound in the lemon balm is much
higher in the water extract comparing to all extracts with NDESs. All used NDESs are very viscous
and that viscosity of the solvents affected the mass transfer and extraction efficiency. Addition of
water to the B-Suc mixture lowered viscosity and in the concentration of rosmarinic acid was the
highest in this extract. Also, could be seen that yield of rosmarinic acid is gainedwith eutectic mixtures
containing betaine.
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Fig. 2. Concentration of rosmarinic acid in extracts.

HPLC chromatograms of water extract and B-Suc extracts are shown on Fig.3.By comparing these
chromatograms, it could be seen that a larger number of peaks is present in the extract obtained using

the eutectic mixture.This means that eutectic mixtures extract more active components from the lemon
balm than the conventional water extraction.
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Fig. 3. Compa'ration of HPLC chromatograms of water extract (A) and betaine: sucrose extract (B)

Total phenolic content in extracts obtained by NDESs was estimated using UV spectra (Fig. 4). UV
spectra of the extracts were very similar, showing the same pattern (two absorption peaks of high
intensity around 280 and 320 nm) characteristic for chlorogenic acid(including rosmarinic acid), but
also carnosic acid, one of the main constituents of R. officinalis phenolic fraction. UV spectral
analysis indicates that the highest phenolic content was obtained using B-Suc, followed by B-CA,
while three other NDES extracts contained similar amount of phenolic compounds as water extract.
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Fig. 4. UV spectra of NDESs extracts
CONCLUSION

The investigatedNDESs(except LA-Glu) can be successfully usedfor the extraction of lemon balm.
(Melissa officinalis), but concentration of rosmarinic acid are lower than concentration in water
extract.

Results shows that total phenolic content in extracts is higher when NDESs containing betaine were
used for extraction than when water was used. Also, more different active compounds are present in
the NDESs extracts.

Addition of water to eutectic mixtures affect solvent viscosity, intensify mass transfer and leads to
higher yields of actives.
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Abstract: Climate change can either positively or negatively affects the activities of agroecosystem. The two-
way relationship between agroecosystem and climate change has important economic and developmental
implications for numerous regions worldwide. The link between climate change and the agroecosystem implies
complex interactions and can be described as a two-way relationship. Climate change is not only increasing
ambient temperature but also accelerating the frequency, duration and intensity of extreme weather and climate
events, such as heavy precipitation and droughts, and causing sea level rise, which can lead to population
displacement. Climate change-related reductions in land productivity and habitability and in food and water
security can also interact with demographic, economic and social factors to increase migration. In addition to
migration, climate change has also implications for travel and the risk of disease. Most of the early approaches to
assessing the impact of climate change on agroecosystem focused on a single variable which is temperature.
However, this variable would drop to 63% if temperatures were to rise by 2°C and therefore have implications
for an agroecosystem balanced the economic growth of its productivity. The purpose of this paper is to present
an overview of the existing literature on the relationship between agroecosystem and climate change in order to
establish the current state of sustainable development.

Key words: Agroecosystem, Climate Change, Food Security, Interaction, Sustainable Development

INTRODUCTION

Global environmental change is a clear phenomenon in a variety of ways that are evident to any
ecologist [1]. Perhaps the most obvious of these changes to many ecologists is the loss of old and
acquisition of new species in the ecosystems studied. Over the time, it was observed that rare species
disappear from landscapes, and new species arrive through a still-accelerating pace of biological
invasions. As a form of global environmental change, biotic homogenization has far reaching
consequences for both ecology and evolution that have yet to fully comprehend. Land use changes,
habitat degradation and introduction of invasive species to ecosystems are among the main causes of
biodiversity loss [2]. The ongoing biodiversity loss due to human actions is an undeniable crisis [2];
[3]. These changes in the global ecosystem are due to the climatic changes. Climate change reveals an
unprecedented level of human intervention in ecological systems and processes. One factor that can
potentially impact on perceived satisfaction is climate. Most of the early approaches to assessing the
impact of climate change on agroecosystem focused on a single variable which is temperature. This
literature suggests that climate change impact the natural environment of an agroecosystem. One
potential threat to the future viability of the productivity of an agroecosystem identified in recent years
is climate change. Climate change has the potential to impact on both the supply- and demand-sides of
the product from economical point of view. There are multiple interactions between agroecosystem
and the climate. Climate change threatens all life on the planet, as well as the very destinations that
agroecosystem relies on. An agroecosystem depends on natural resources, such as water, landscapes,
soil type, biodiversity, etc. These influence the potential attraction of the sustainable development of
the system. However, climate change threatens the loss of some of these relevant natural resources.

As the planet warms, rising sea levels, extreme weather, and increasing temperatures are impacting
ecosystems and communities around the World. Traditional and indigenous knowledge is the
indispensable information base for many societies seeking to live in harmony with nature and adapt to
disruptive weather events, a warming globe and rising seas.

Climate is a resource for agroecosystem and it is an essential ingredient in the agroecosystem product
and experience. At the same time, climate poses a risk to agroecosystem. Risk is potential loss and
opportunity is possible gain. Over the last few years there has been increasing recognition of the risks
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and opportunities that climate change brings to the agroecosystem. In fact, climate-change research on
urban scales has become recently an important and urgent topic [4].

AGROECOSYSTEM

The conversion of natural ecosystems into agricultural systems mediated by human activities (i.e.,
agroecosystems [5] is a main driver of changes in species composition. Assemblages in
agroecosystems are often remarkably different from those in native environments [6].

Agro-ecology is a science that is based both on traditional knowledge and on advances being made by
modern agricultural science (excepting, of course, transgenic biotechnology and pesticides), and
utilizing elements of contemporary ecology, soil biology, biological control of pests, etc. A United
Nations 2011 press release on its report “’Agro-ecology and the right to food’’ states that: “Small-
scale farmers can double food production within 10 years in critical regions by using ecological
methods.”” Such agro-ecological methods are also safer from an environmental and health perspective.
Ecosystem services are defined as the benefits that humans obtain from ecosystems. In recent years,
this concept has become the paradigm of ecosystem management. Agro-ecology is most feasible for
small and middle-size family units, and could actually play an important role in reversing the exodus
to cities. The United Nations recently declared 2014 as the International Year of Family Farming,
celebrating the global community of family farmers, to highlight the importance of family and
smallholder farmers.

The International Assessment of Agriculture Knowledge, Science and Technology for Development
report, the world’s largest study on agriculture commissioned by the World Bank, Food & Agriculture
Organization, World Health Organization, and other international organizations found that agro-
ecological approaches, and not GM, provide a sustainable answer to the world’s food crisis. This has
recently been further substantiated by the UN Rapporteur on Food who states ‘“To date, agro-
ecological projects have shown an average crop yield increase more than 80% in 60 developing
countries demonstrated a doubling of crop yields over a period of 3-10 years. Countries with an
average increase of 116% for all African projects. Recent projects conducted in 20 African countries
demonstrated a doubling of crop yields over a period of 3-10 years.

THE CLIMATE SYSTEM

To understand the climate of the Earth, including its variations and changes over time and its
interactions with agroecosystem, The system consists of the atmosphere, ice and snow masses, land
surfaces, rivers, lakes and the biosphere (including humans), as well as the mutual interactions and
hence changes that are a consequence of the large variety of physical, chemical and biological
processes taking place in and between these components (Fig.1.).

Another key feature of the system is the existence of various external forcing mechanisms, the most
important being the Sun. Agroecosystem is one of many contributors to changes in the climate system.
As with other human activities, there are many ways and spatial scales at which agroecosystem
contributes to climate change (Fig.1.).

The atmosphere is the most rapidly changing part of the wider climate system, its composition having
changed as the Earth has evolved. Despite their concentrations relative to gases such as nitrogen (N-)
and oxygen (Oy), a collection of atmospheric gases, notably CO2, methane (CHa), nitrous oxide (N20),
ozone (Os3) and water vapour (H20), play a critical role in determining the temperature of the Earth.
These so-called greenhouse gases absorb little or none of the short-wavelength radiant heat energy
reaching the Earth from the Sun, but are highly effective absorbers of the longer-wavelength radiant
heat energy emitted by the Earth. These gases, in turn, emit longer-wavelength radiant heat energy
both upward and downward (Fig.2.). The resulting energy-‘trapping’ process raises the temperature of
the Earth’s surface to an average of 14°C, some 33°C above what it would be if the Earth’s
atmosphere contained no GHGs. This raised temperature is termed the natural greenhouse effect.
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Fig. 2. Greenhouse effect

For centuries prior to the Industrial Revolution the concentrations of GHGs in the atmosphere
remained relatively constant. But since then the concentrations have increased, largely as a result of
the combustion of fossil fuels for industrial and domestic purposes, and due to biomass burning and
deforestation. For example, the CO, concentration has increased by more than 30%, and is still
increasing at the unprecedented annual average rate of 0.4%. The concentrations of other GHGs, such
as CH. and N0, are also increasing, due to agricultural and industrial activities. The concentrations of
the nitrogen oxides (NO and NO) and of carbon monoxide (CO) are also increasing. While these are
not GHGs, they are involved in chemical reactions that result in higher ozone concentrations in the
lower atmosphere. Ozone is a GHG, and its concentration has increased by 40% since pre-industrial
times. This increasing concentration of GHGs is exacerbated by chlorofluorocarbons (CFCs) and other
chlorine and bromine compounds. These do not occur naturally, but are manufactured for industrial
and domestic use. In addition to being strong GHGs, they destroy stratospheric ozone. The increased
concentration of GHGs in the atmosphere enhances the absorption and emission of long-wavelength
radiant heat energy. The overall effect is a reduction in the long-wavelength radiant heat energy lost to
space. This must in turn be compensated for by an increase in the temperature of the Earth’s surface
and lower atmosphere.

Abrupt climate changes of up to 10°C in a decade have been identified in some regions. Although
abrupt climate change can occur for many reasons, it is conceivable that human forcing of climate
change is increasing the probability of such large and abrupt events. Available evidence suggests that
abrupt climate changes are not only possible but likely in the future, potentially with large impacts on
ecosystems and societies. Figure 3 illustrates how CO- is absorbed by trees and soils and thereby taken
out of the atmosphere. A potential co-benefit of this form of carbon sequestration is a gain in
biodiversity.

Climate change is expected to increase the risk of illness in several parts of the World and
consequently discourage the protectively of the agroecosystem. At the same time agroecosystem is a
very energy-intensive activity that contributes to greenhouse gas emissions and the build-up of these
gases in the atmosphere [7].

19



X International Conference Industrial Engineering and Environmental Protection 2020 (11ZS 2020)
October 08-09, 2020, Zrenjanin, Serbia

By resolution 64/200 of 21 [8] the General Assembly decided to designate 13 October as the date to
commemorate the Day and to change the Day's hame to International Day for Disaster Reduction. The
objective of the observance is to raise awareness of how people are taking action to reduce their risk to
disasters. The focus of this year’s International Day for Disaster Reduction is on the traditional,
indigenous and local knowledge which complement modern science and add to an individual’s and
societies’ resilience. For example, knowledge of early warning signals in nature can be vital to
ensuring early action is taken to mitigate the impact of both slow and fast onset disasters such as
droughts, heat-waves, storms and floods. Combined with scientific knowledge such as reports
generated by meteorologists, local knowledge is vital for preparedness and can be passed on from
generation to generation.

Greenhouse Gas Mitigation

Fig. 3. Carbon cycle and sequestration of CO, through forest sinks

Climate change impacts will affect social and ecological systems in complex and broad-ranging ways
as technological, economic, social and ecological changes take place across regions, groups and
sectors. Many of these impacts, such as impacts on ecological systems, have cascading effects on
social, economic and health outcomes. In order to respond to climate change, more vigorous actions
are required to mitigate emissions of greenhouse gases (GHGs) and to adapt to unavoidable
consequences that are increasing wvulnerability around the world. This training places local
sustainability, its development challenges and local vulnerabilities in the context of climate changes at
regional and global levels in order to understand their linkages. It is well recognized that a response
strategy to climate change is an additional and new area of sustainable community development, that
in addition to many other local priorities like reducing poverty, improving sanitation and safe access to
fresh water, health issues and diminishing ecological resiliency.

THE RELATIONSHIP BETWEEN AGROECOSYSTEM AND CLIMATE CHANGE

Interventions or responses designed to reduce climate-related risks fall into two categories: mitigation
and adaptation. Mitigation includes initiatives for reducing GHG emissions, whereas adaptation refers
to interventions that reduce the wvulnerability to climate change impacts. With the increasing
recognition of climate change as a major environmental issue that must be addressed in a concerted
manner, there is a developing consensus on policies such as taxing services for their emissions of
GHGs[9], [10 g. These diverse relationships between agroecosystem and climate are visualised in a
simplified manner in Fig.4. The consequences of climate change for agroecosystem manifest as risks.
The decision maker and planner will find it useful to differentiate between acceptable and
unacceptable risks.

Interventions or responses designed to reduce climate-related risks fall into two categories (Fig. 4).
First, mitigation initiatives reduce GHG emissions. Emissions reductions of at least 60% are required
to stop further increases in the greenhouse effect. In comparison, the Kyoto Protocol will achieve
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emission reductions of only 5.5% reduction in emissions, and only if there is full compliance! Thus
further climate change is inevitable.
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Fig. 4. Framework for assessing the relationship between agroecosystem and climate change,
including possible responses by agroecosystem to mitigate impacts or adapt to changes in the climate

Moreover, even if the necessary reductions in emissions were to be achieved tomorrow, changes in the
climate will still occur. This is due to inertia in the climate system. Thus mitigation brings climate
benefits only in the longer term. However, mitigation of GHG emissions does generate short-term
opportunities and benefits for agroecosystem, for example through energy conservation and increased
use of renewable energy. Unlike mitigation, these interventions deal with the consequence component
of risk. These interventions reduce risk through disaster reduction and wider adaptation initiatives.

For example: Figure 4 assumes that the relationships are linear and that the interactions between
agroecosystem and climate are deterministic. In this logic it is possible to control the effects, i.e.
reduce the risks and maximise the opportunities. In fact, both agroecosystem and climate operate
individually and jointly as open systems that are also non-linear, non-probabilistic and non-
deterministic as a result of the complex, dynamic relations between and among them and their
constituent elements. Thus it is inappropriate to pursue a reductionist approach to understanding the
interactions between the agroecosystem and climate systems, as would be the case if each component
and linkage shown in Fig.4 was to be analysed individually. Importantly, characterising and
combining the individual interactions will in itself not provide a fully integrated understanding of the
relationships between agroecosystem and climate. The main elements of a agroecosystem are
environment: human, sociocultural, economical, technological, physical, political, legal, etc. that are
involved directly or indirectly in agroecosystem activities.

ADAPTATION RISK

One consequence of the open nature of the agroecosystem is a need for sectors cooperation when
addressing the consequences of climate change. As risk assessment and management procedures have
already been embraced by many sectors e.g., health, financial, transport, agriculture, energy and water
resources. A risk-based approach (Fig.5) provides a common framework that facilitates coordination
and cooperation amongst the various players, including the sharing of information that might
otherwise be retained by information ‘gate keepers’.

21



X International Conference Industrial Engineering and Environmental Protection 2020 (11ZS 2020)
October 08-09, 2020, Zrenjanin, Serbia

/Monltor outcomes
+Assess compliance
with targets
ldentity opportunities
for improvement

! ] S S

[ Risk Scoping }-y[ Risk Characterization ]—b[ Risk Evaluation ]—b[ Risk Managemem]

[ Communication and Consultation ]
(Gonsultation with \ KEstimate for each n'sk\ '{Compare event évaluate treatment options \
stakeholders; establish event and receptor: and total risks with = Develop strategy based on
targets and criteria = |ikelihoods of targets and criteria options:
= |dentify possible: exposure to = Assess existing = reducing likelihood

mrisk events stressors risk management = reducing consequences

= sources of stress = consequences of practices against = redistributing risk

= siress receptors exposure to risk profiles J = avoiding risk

= relationships stressors —_— = accepting risk

between sources = Develop risk profiles \ = Implement Strategy /
\\and receptors \7/ \

Fig. 5. Risk-based approaches to identifying and assessing options for managing the adverse
consequences of climate change

Importantly, the existing familiarity of many planners and decision makers with risk management
helps facilitate the mainstreaming of risk-based adaptation. Risk-based methods also facilitate an
objective and more quantitative approach, including cost benefit analyses that not only assist in
evaluating the incremental costs and benefits of adaptation and but also help in prioritising adaptation
options. The approach also links to sustainable development by identifying those risks to future
generations that present generations would find unacceptable.

The risk scoping and characterisation steps (Fig.5) facilitate identification of both the direct and
indirect consequences of climate change. Overall, the risk-based approach ensures there is a strong
functional link between the assessments of the risk and the identification, prioritisation and eventual
selection of the adaptation initiatives required reducing the risks to acceptable levels.

Figure 6 illustrates the many dimensions to such a policy framework and process. Firstly, the
framework acknowledges the iterative nature of the policy development process. The first iteration of
the cycle will normally start with activities designed to support informed decision making related to
the mitigation and adaptation initiatives to be undertaken. A strong enabling environment is critical to
the successful implementation of those initiatives; while continuous improvement is ensured by
reviewing the effectiveness of the implemented measures. The information gained in the monitoring
process will be used as input into the decision making in the next iteration.

Monitoring vegetation (including the crops production) change and their potential drivers are
important to environmental management. Recently, climate variables and human activities are two
main drivers that could deeply influence the agroecosystem on the Earth. The climate system has been
modified by humans as a result of GHG emissions. These ‘trap’ solar energy and raise the temperature
of the Earth’s surface. This raised temperature is termed the natural greenhouse effect. Climate
projections are associated with considerable uncertainties. Climate variables such as precipitation,
temperature, and sun radiation drive the plant physiological processes such as photosynthesis,
respiration, and transpiration, while human activities, such as urbanization, deforestation, grazing
prohibition policy, reclamation of land from lakes, market fluctuation etc., could directly or indirectly
change the processes of dynamics of the agroecosystem by modifying ecosystem composition and
distribution.
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Fig. 6. Framework for climate change mitigation and adaptation

As usual, the associated relation with human induced land cover transitions such as deforestation,
urbanization, land reclamation, or extremely climate events such as flood and drought. While gradual
changes usually happen gradually and continuously, which indicate gradual improvement or
deterioration of plant coverage or species composition in an agroecosystem associated with global
warming, soil erosion, fertilizing, irrigation, or nurturing. These kinds of behaviours could be related
to climate gradual change or indirect human activities such as environmental management, policy
alteration, or market fluctuation.
Studies on agroecosystem changes detection and causative agent discrimination should be treated as
follow-up flow for there are inner causality mechanisms between them. Agroecosystem areas
controlled by human activities may have more dramatic change rates comparing with the areas
controlled by climate factors.
Climate and in particular temperature is an important factor in agroecosystem services. Special
attention was focused on the challenges of adaptation to changing climates and environments in urban
areas worldwide. It deliberately moves away from conventional boundaries of urban
climate/environmental change research that continue to dichotomize the frames of reference of this
world into rich versus poor or North versus South. The rationale is threefold:
e Inan integrated yet differentiated global system, key contemporary fault lines and differences
no longer follow those historical cleavages.
e Climate changes do not follow national or regional boundaries while globalised economic
processes often link geographically remote urban, peri-urban and rural localities distally.
o Finally, strategies for mitigating and adapting to environmental change seem increasingly to
resonate across distally connected towns and cities of diverse locations, histories and
geopolitical orientations.

CLIMATE STUDY FOR BETTER AGRICULTURE

The agricultural crisis is going to be on the other by the ‘natural’ calamities: drought, floods,
upheavals in climate, etc. Snowfall, rainfall in 24 hours on summer; -30°C on February and etc.,
Coming within such a short span, these deviations from what is seen as normal have caused alarm
among agricultural scientists, who stress the need for continuous research on the impact of climate
changes on the agriculture of a state whose produce feeds half the nations.

Requirements:
- Climate protection study for better agriculture
- Urge nations to cut down on pesticide use
- Perishable production
- Food Act to benefit to face the increases the global population
- Study links pesticides and Cancer
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- Biotechnology Regulatory Authority in the world
- GMOs - Concerns & Impacts
- Towards reviving a biodiverse farming system for food sovereignty

Objectives:

- Reflections - Past, Present and Future

- Agrobiodiversity: Past and Present

- Agro-ecology: Towards a healthier tomorrow

- Protection of Plant Varieties

- Protection of agrobiodiversity, that consists of cultivated plants and domesticated
animals

- Agrobiodiversity includes varietal diversity and the existence of a range of cropping
strategies.

- Green Revolution

- Stop using GM seeds, chemical fertilizers and pesticides.

Principles and key concepts

. Introduction to climate change and climate change adaptation

. Strategy development and planning for Climate Change Adaptation
. Legal frame work for Climate Change Adaptation

. Monitoring Vulnerability

Introduction to GIS for Climate change

. Introduction to GIS software

. Planning for a GIS system installation

o Working with a GIS software, data collection

Impacts of Climate Change and their Assessment

Economic sector

Social structure

Agriculture

Natural resources

Migration and disasters

Climate Change Response

o Creating Responses: Determining the adaptation options
Mainstreaming climate change into development decisions
Developing adaptation responses

Contingency Planning

AIMS OFFOOD SECURITY IN RELATION WITH CLIMATIC CHANGES

Climate change is a threat multiplier for hungry and undernourished people. Combined with conflict, it
destroys livelihoods, drives displacement, widens inequalities, and undermines sustainable
development including our goal of zero hunger by 2030.1t is found that of the four main elements of
food security, i.e., availability, stability, utilization, and access, only the first is routinely addressed in
simulation studies. To this end, published results indicate that the impacts of climate change are
significant, however, with a wide projected range (between 5 million and 170 million additional
people at risk of hunger by 2080) strongly depending on assumed socio-economic development. The
likely impacts of climate change on the other important dimensions of food security are discussed
qualitatively, indicating the potential for further negative impacts beyond those currently assessed with
models [11]. Thus, fundamental changes in agricultural systems are needed because climate change
poses new and serious challenges for farmers hence food insecurity. Most important, agricultural
adaptation and mitigation pathways need to be developed so as to avoid further threat on food security
[12, 13].
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These disasters have also disproportionately harmed low-income people and their access to food,
which is why we have chosen to focus on the connection between climate change and food security in
the 2019 Global Hunger Index (GHI), prepared by Concern Worldwide and Welthungerhilfe. Sadly,
this is not a trend that appears to be going away any time soon. Looking ahead, climate models predict
higher average temperatures in most land and ocean regions, hotter extremes in many inhabited
regions, and both heavy precipitation and an increasing probability of drought in some areas. These
are all additional challenges for reducing hunger.

Climate change and food security: Fast facts:

o Climate change is a threat multiplier for hungry and undernourished people.

o Countries with high levels of hunger are often also highly vulnerable to climate change, and
have a low capacity to adapt.

o Climate change affects food production and availability, access, quality, utilization, and
stability of food systems. In short, it impacts all aspects of the food system.

o Extreme weather-related disasters are increasing and reduce the yields of major crops.

o Higher levels of COzreduce the nutritional value of crops.

e The global food system contributes about one-third of greenhouse gas emissions. About %; of
food are lost and wasted from farm to table. These losses therefore exacerbate climate change
without improving food security or nutrition.

e Climate change and conflict combined destroy livelihoods, drive displacement, widen
inequalities, and undermine sustainable development.

o Ending hunger and under nutrition in a changing climate demands large-scale action.

Climate change threatens agriculture and food production:

o Higher temperatures, water scarcity, extreme events like droughts and floods, and greater CO2
concentrations in the atmosphere have already begun to impact staple crops around the world.
Maize and wheat production has declined in recent years due to extreme weather events, plant
diseases, and an overall increase in water scarcity.

e According to the Food and Agriculture Organization of the United Nations, the unpredictable
yield for cereal crops in semi-arid regions of the world (like the Sahel region of Africa) is at
least 80% the result of climate variability.

Alternatively, climate change can adversely affect the nutritional value of food that is grown. Studies
show that higher carbon dioxide concentrations reduce the protein, zinc, and iron content of crops. By
2050, an estimated additional 175 million people could have zinc deficiencies and an additional 122
million people could be protein deficient. Communities relying largely on plant harvests for their
nutrition will, again, feel this most acutely.

Beyond plant-based nutrition, this also has a ripple effect on livestock, who rely on the same resources
as humans to eat, grow, and produce meat and/or milk. Livestock are also severely threatened by
drought, accounting for 36% of drought-related losses (crops account for 49%). Climate extremes also
threaten fish populations, especially in areas like Southeast Asia. Rain doesn’t guarantee healthy
crops, either. Higher rainfalls or flooding can produce toxic mold on crops. Crops grown in high-
drought areas that are then moved into humid storage facilities are vulnerable to fungal infections or
pests. The more climate changes and the more that extreme climate events become commonplace, the
more food we lose on an annual basis. Figure 7 shows how these tools can be used to inform multi-
stakeholder coordination processes that seek to mainstream climate change adaptation into sustainable
development approaches.

Climate change does not yet feature prominently within the environmental or economic policy
agendas of developing countries. Climate change results from activities all over the globe, it may lead
to very different impacts in different countries, depending on local/regional environmental conditions
and on differences in vulnerability to climate change—independent of the contributions to climate
change of these countries.
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Fig. 7. Multi-stakeholder processes for mainstreaming climate change adaptation into sustainable
development approaches [14]

LINKAGES BETWEEN CLIMATE CHANGE AND SUSTAINABLE DEVELOPMENT

The purpose of this part is to raise critical issues on the relationship between climate policy and
sustainable development. It criticizes current policy approaches, including that reflected in the Kyoto
Protocol, on the grounds that they have inadvertently resulted in the placing of climate policy and
development into separate boxes. Policy experience on climate stabilization has developed largely
within the institutional, economic, and political context of industrialized countries, but policy analysis
now needs to turn single-mindedly to the situation of developing countries.

Yet evidence shows that some of the most adverse effects of climate change will be in developing
countries, where populations are most vulnerable and least likely to easily adapt to climate change, and
that climate change will affect the potential for development in these countries. Some synergies
already exist between climate change policies and the sustainable development agenda in developing
countries, such as energy efficiency, renewable energy, transport and sustainable land-use policies.
Despite limited attention from policy-makers to date, climate change policies could have significant
ancillary benefits for the local environment. The reverse is also true as local and national policies to
address congestion, air quality, access to energy services and energy diversity may also limit GHG
emissions. Nevertheless, there could be significant trade-offs associated with deeper levels of
mitigation in some countries, for example where developing countries are dependent on indigenous
coal and may be required to switch to cleaner yet more expensive fuels to limit emissions. The
distributional impacts of such policies are an important determinant of their feasibility and need to be
considered up-front. It follows that future agreements on mitigation and adaptation under the
convention will need to recognise the diverse situations of developing countries with respect to their
level of economic development, their vulnerability to climate change and their ability to adapt or
mitigate. Recognition of how climate change is likely to influence other development priorities may be
a first step toward building cost-effective strategies and integrated, institutional capacity in developing
countries to respond to climate change. Opportunities may also exist in developing countries to use
regional economic organisations to assist in the design of integrated responses and to exploit synergies
between climate change and other policies such as those designed to combat desertification and
preserve biodiversity.

The worst impacts will fall on developing countries, in part because of their geographical location, in
part because of weak coping capacities, and in part because of more vulnerable social, institutional,
and physical infrastructures. In the future, it would be necessary not only to induce adjustment in
industrialized countries, but also to reorient the growth process in the developing world towards de-
carbonization. It is likely to undermine the sustainability of livelihoods as well as development.
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Abstract: This project analyzes the role of new knowledge and the inevitable trend of the future, computer, and
other communication, in the work of future engineers, as well as the importance of developing their
entrepreneurial competencies, through the project "IT lab - laboratory for engineering analysis, modeling and
simulation" at the Technical Faculty "Mihajlo Pupin,”" Zrenjanin. The project emphasizes the importance of dual
and lifelong education as one of the elements that support the need for the introduction of some of the modern
forms of learning. The project results can serve as proof of the justification of promoting entrepreneurship
among students of technical and engineering educational profiles that will teach creative and innovative students
how to start their business venture based on their engineering ideas.

Key words: entrepreneurial competencies, dual education, teaching improvement, IT lab

INTRODUCTION

Providing a skilled workforce for the economy is one of Serbia's key challenges (and other countries
as well). The term "dual system™ can, for example, refer to places of learning, but also intertwined
pedagogical processes. In the first case, "duality” refers to alternately learning in the company and at
school. In the second case, the "dual principle" refers to a combination of theory and practice [1].

For dual education, we often think that there is place only in high schools. Not only secondary
vocational education is a functional measure for promoting economic goals, but faculties also apply it:
Faculty of Organizational Sciences, Belgrade has more than 700 contracts with companies and student
internships for ten years; The University of Novi Sad has made over 100 so-called spins of companies
founded by professors and students, some of whom have 800 employees; Student projects at the
Faculty of Electrical Engineering in Belgrade are also an essential type of dual education, students
with companies implement innovative projects, concepts, innovation development so that their
students are ready to enter the labor market and establish their own companies. Technical faculties are
becoming an example for others [2].

THE IMPORTANCE OF PRACTICAL TRAINING AND DUAL EDUCATION IN THE
PROFESSIONAL PREPARATION OF FUTURE ENGINEERS

Companies want staff that can be immediately involved in work processes, without an extended
internship, and a safe way to provide staff, ready to get involved in the work, are practical training
(professional internships) for students. Practical training, well designed, organizing professional visits
of students to production companies and laboratories, introducing students to technological processes,
machines and measuring equipment, reviewing technical documentation and insight into the situation
in the factory, will contribute to better employment opportunities for graduate engineers in the
economy. By adapting to the market, students are provided with practical knowledge, which can be
applied immediately [2].

Dual education combines formal, university education, and informal acquisition of relevant
professional knowledge and skills through student work on practical problems in companies. With this
combination, students who want it get theoretical and required practical knowledge and skills. In this
way, students are trained to acquire the competencies needed by employers, and students who are
educated in this way find it easier to get better jobs.
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At the Technical Faculty "Mihajlo Pupin,” dual education is realized through two strategic directions.
One is based on laboratory accreditation so that students can do not only regular classes but also
applicable projects. The second strategy refers to students' professional practice after the third and
fourth years of study, which has been realized for many years.

PROJECT IT LAB - LABORATORY FOR ENGINEERING ANALYSIS, MODELING AND
SIMULATION

At the Technical Faculty "Mihajlo Pupin" in Zrenjanin, in the school year 2018/2019, the project "IT
lab - laboratory for engineering analysis, modeling and simulation™ was implemented, funded by the
Ministry of Education, Science and Technological Development within the program activity
"Development of high education.” The objectives of this project were to contribute to the development
of the educational process to improve the cooperation of higher education institutions with the
economy and other stakeholders in the local community, and through the development of
entrepreneurial competencies; innovating existing courses by increasing the use of information
technology in teaching and developing digital competencies for work and future development. The
project IT lab - laboratory for engineering analysis is designed to significantly contribute to the
development of digital competencies of students and create a good foundation and critical
competencies for lifelong learning. The project included three accredited study programs at the faculty
- Mechanical Engineering (undergraduate studies), Information Technologies in e-Government
(master studies) and Industrial Engineering in Oil and Gas Exploitation (undergraduate studies).

Realized project activities [3]

Promotion of the beginning of work on the project - was realized on November 20, 2018. in the small
amphitheater of the Technical Faculty "Mihajlo Pupin™ in Zrenjanin (Fig. 1).

Fig. 1. Promotioh of the beginning of work on the project

Founding of IT lab - laboratory for engineering analysis, modeling, and simulation - which serves to
improve the knowledge and skills of students in the field of mechanical engineering and information
technology following the current market demand.

Procurement of software - the software's that are procured: Matlab (Mathworks - Software license
Matlab Individual, Academic Perpetual; Mathworks - Software license Simulink Individual, Academic
Perpetual); 3DExperience Catia; ArcGIS (Esri ArcGIS Academic Department License Medium)
Software installation and training for work - was performed on computers in the IT lab - laboratory
for engineering analysis, modeling and simulation by the obtained licenses. Teachers, associates, and
students are trained to work on Matlab, 3DExperience Catia, and ArcGIS software.
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The innovation of 7 courses - Innovated courses:

1. Technical drawing with computer graphics - innovated in the part of the course's content
that refers to 3D visualization of objects according to the standards of technical drawing
using 3DExperience Catia software.

2. Machines and devices - is innovated in the part of the content of the course related to the
application of the MATLAB program to simulate the operation of pumps, compressors,
fans, pneumatic transport systems, convective dryers with pneumatic transport of
materials (Fig. 2).

Fig. 2. Work of students in the IT lab on course Machines and devices

3. Geographic information systems - are innovated in the part of the course content related to
the application of 3D approaches in layer management and 3D visualization and further
development in accordance with modern technologies (Fig. 3).

Fig. 3. Work of students in the IT lab on course Geographic information systems

4. Preparation of production process - is innovated in the part of the course's content that
refers to the construction preparation that deals with product design.

5. Mechanical design CAD/CAM - innovated in the part of the course content using
3DExperience Catia software.

6. Industrial geology - is innovated in the part of the course content related to the application
of GIS programs for obtaining the necessary knowledge in the collection, systematization,
generalization and analysis of geological-geophysical information for geological study of
deposits.

7. Automatic control - is innovated in the part of the course content related to the application
of the software tool MATLAB Simulink for all thematic units of the course.
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Organizing knowledge testing - a total of 10 new colloquia were organized within the courses covered
by the project.

Surveying - one survey was conducted with teachers and associates and one survey with students
involved in the project on the project's satisfaction. Based on the results of the student survey on
attitudes and opinions on job satisfaction on the project, which are presented graphically in Figure 4, it
can be concluded that the quality of the project was rated with an excellent average score of 4.56 [4.]

Average grade by subjects

erage grack

Fig. 4. Graphic presentation of the results of the student satisfaction survey for all seven
courses (subjects) covered by the project [4]

Promotion of the achieved results within the project "IT lab - laboratory for engineering analysis,
modeling and simulation” - was realized on June 19, 2019. in the small amphitheater of the Technical
Faculty "Mihajlo Pupin™ in Zrenjanin.

DEVELOPING INNOVATIVE AND ENTREPRENEURIAL COMPETENCIES OF FUTURE
ENGINEERS

In a fast-changing, interconnected world, education must change to prepare students for success in life.
The world economy pays you for what you can do with what you know. Nations that want a
knowledge economy are investing to produce students who can intelligently manage and evaluate
information and data. They are moving beyond asking whether students can reproduce what they
learned in school. They want to know how creatively they can use what they know, and whether they
can extrapolate from it and apply their knowledge in another context. Skills such as critical thinking,
creativity, problem solving, and collaboration are at an increasing premium [5].

It is well known that engineers and technical staff create national income. It is also known that
finalization of studies is a necessary but not sufficient condition for incorporation in the economic
development. Namely, the sense of engineering is problem solving, so the essence of engineering
education is learning how to pose a problem and learning how to solve a problem. So, efficient studies
develop both problem posing and problem solving skills [6].

In the project [7], through the research of students' entrepreneurial readiness in Serbia, it is pointed out
the necessity of organizing academic courses at all higher education institutions, especially on
engineering technical - technological profiles. The idea is to check the connection between specific
characteristics of students and their readiness for entrepreneurship.

The study program Mechanical Engineering, within which the IT lab - laboratory for engineering
analysis, modeling and simulation project was conducted, largely gives entrepreneurial competencies
to graduate students, especially due to the importance of mechanical products in all spheres of life and
work.

Considering that great importance has been attached to the development of entrepreneurship in recent
years, the IT - lab - laboratory for engineering analysis project has enabled students to be trained in the
skills they need and be able to design, construct and make a finished product, machine or device. The
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application of appropriate software enables the design and simulation of the operation of simple
machine parts to complex production plants.

Thus, students acquired clear entrepreneurial competencies because they can realize digitalized
technical preparation from technical sketches through workshop drawings to the virtual design of
machines and devices and predict their behavior at work based on given conditions.

The realization of the IT lab project - laboratory for engineering analysis, modeling and simulation is a
step towards encouraging entrepreneurial competencies by encouraging a faster transition from mass
production of low-value products to products with higher added values, i.e., products that are typically
related to knowledge, advanced technological capabilities, and highly specialized skills.

In the study programs, Information Technology in e-Government and Industrial Engineering in Oil
and Gas Exploitation, which are also included in this project, IT - lab - laboratory for engineering
analysis, modeling, and simulation largely provides entrepreneurial competencies in the development
and development of necessary GIS database for use in the economy in accordance with the relevant
field of activity.

CONCLUSION

For the application of the dual principle in the modernized system of secondary and higher vocational
education in Serbia, it will be crucial to attracting employers and companies, as well as the
introduction of support mechanisms to ensure the quality of the learning process in both learning
environments.

The dual program is a program for students who can and want to study seriously and who are willing
to invest in their promising professional career through good work. What the student gets the most is
self-confidence and the development of responsibility for independently creating their future.

With the launch of the IT - lab project, opportunities were created to raise the faculty to a new and
modern technological level. Students were given the opportunity to more easily and better master the
courses covered by the project by applying the improvements made possible by modern software
packages and improved access to courses. In this way, conditions were created for faster and more
efficient results in the fields of research, development, and testing of new products, which further
opens the possibility for the laboratory to include entities from the local community and beyond
(businesses, government institutions, high schools). etc.) to work on joint educational, research, and
development projects.

Gratitude: The research results presented in this project are part of the project "IT lab - laboratory for
engineering analysis, modeling and simulation,” funded by the Ministry of Education, Science and
Technological Development within the program activity "Development of higher education”
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Radosav, Dean, Project Manager; Ph.D Eleonora Desnica, member; Ph.D Slavica Prvulovi¢, member;
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Abstract: The paper analyzes the importance of the application of methods and techniques of industrial
engineering in the business environment of Industry 4.0. Survey done indicates that in the new business
environment, the methods and techniques of industrial engineering come to full expression because cyber-
physical systems give a complete insight into the nature of production processes. Accordingly, an example of an
IE method application and ways of its integration in 14.0 environment is given and discussed.

Key words: industrial engineering, industry 4.0.

INTRODUCTION

Industry 4.0 - a new business philosophy of the factories of the future is a concept made possible by
connected elements: the internet, machines and people. In such an environment, computers
communicate and process large amounts of data using artificial intelligence. The system consists of
autonomous systems, cyber physical systems, sensors, robots, smart machines, people, and the whole
concept from the point of view of business management allows understanding what happens in the
production process. Detailed insight into the nature of functioning of production processes allows to
make better decisions about planning, scheduling, strategic planning, maintenance, production
efficiency, quality, etc. In that sense it can be spoken Management 4.0, Logistics 4.0, Supply Chain
4.0, Maintenance 4.0. The whole philosophy of business is changing, approaching business from a
different aspect, which opens up numerous possibilities.

INDUSTRIAL ENGINEERING METHODS IN 14.0

In environment Industry 4.0, we have the opportunity to really manage business and production
processes. So far, we have had input data and output data, we have changed the input data to get the
desired output according to the feedback principle. Each business-production process represented the
so called a black box because there was no information from the production itself. Industry 4.0 enables
the storage of a large amount of data on the very characteristics of business and production processes
thanks to sensors, Internet of Things (loT), Big Data, Claud Technology. 14.0 technology allows
permanent storage of many data/characteristics of all relevant factors (such as temperature, vibration,
pressure, but also downtime, bottlenecks, failures, etc.) that allow insight into the flow of production
processes, operations, movements, materials, energy, human resources and all other available
resources. By applying Data Analysis concept from a multitude of stored data (where there are good
data, but also there are so-called messy data (unclear type different form, wrong entry, etc.) and some
data that are unusable) using appropriate techniques cleans data and extracts good data for further
analysis. Data analysis includes:

e descriptive analysis — what happened,

e predictive analysis — what should happen,

e prescriptive analysis — what we would like to happen.

Furthermore, different industrial engineering methods and techniques can be applied in factories
depending on the goal of the company to be achieved. The application of these methods and
techniques of industrial engineering enables the increase of business efficiency, maintenance, quality,
management, etc. [1-4].
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Fig. 1. Smart factory [5]

For example, in 14.0 environment, when there are the above data from the Cloud, it can be applied
different methods of planning, scheduling, SWOT, TMP, SKK, BSC, failure structure, bottlenecks in
the production process, methods of optimization of production processes [6]-7]. Decisions can be
made based on data from the production process itself, and not after the end of the production cycle. It
means that costs and production cycle times can be minimized. Until now, unit costs of production
precisely because of the lack of information within the production process have always been unknown.
Also, Lean production can be adequately applied according to Toyota’s concept, in which the
consumption of all production resources is reduced to a minimum while maintaining product quality,
exactly on time (JiT concept) and with minimal wastes [8-11]. That is, everything that is set as target
criteria for optimizing production processes, in environment 14.0 is enabled to be applied thanks to the
concept that provides insight into the production process itself, as well as the ability to manage
systems in such an environment.

The application of artificial intelligence (Al) in the 14.0 environment has several domains: the first
segment refers to the application of Al over a large amount of data for the purpose of descriptive
analysis [12-15]. For example, machine learning as a tool for observing patterns of behavior and for
predicting behavior in further work. Then, Al is used in the process of making decisions about further
activities, planning, forecasting, strategy development, implemented in knowledge support systems
based on knowledge, expert systems, artificial neural networks and the like. Al is also used to design
algorithms for the operation of systems in IoT environment in order to express their synchronized
effect.

The next aspect that should be mentioned is that the employee is freed from repetitive tasks, then tasks
that represent a risky job, hazardous substances, etc. which improves the position of the employee in
the 14.0 environment because it reduces the risk and possibility of injury at work, and on the other
hand, employees are more engaged in creative and innovative work.

Also, collaboration in stable, reliable supply chains, based on long-term partnerships are not
sustainable in the circumstances of today's global economy, so, concept of remote engineering
proposed in [16] could be used in aim to enhance competitive advantages and provides a fast,
economical and experience sharing method for the enterprises. Industrial engineering methods are
usable to overcome issues in available, common conceptions of how to measure usability [17].

It is also necessary to mention augmented reality (AR) and virtual reality (VR) as tools that allow
employees to perform their work tasks. AR and VR have a large share in the design of new products,
design, marketing, etc. AR enables employees to perform complex business operation more easily, it
enables great diversification of the production program, adjustment of products according to the
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customer’s wishes. It describes systems that superimpose computer-generated information that can be
multisensory, in reality seeking to improve the real environment rather that replace it [17]. VR is a
computer interface that allows the user to be a part of an experimental simulation and is successfully
applied in many branches of the manufacturing industry [18].
Methods and techniques of industrial engineering of production processes applied in 14.0 in order to
achieve greater business efficiency can be applied through:

e logical functions,
production rules, network rules,
decision tree,
knowledge base,
conditional formatting,
statistical analysis, correlation, regression, factor analysis,
multi-criteria decision making, etc.

For example, data stored in the cloud can be used for FMEA analysis (Failure Mode and Effects
Analysis). FMEA analysis can be generated in the form of SQL queries, and plans and action
measures for risk mitigation in the form of a knowledge base. In this way, by applying the generated
module for FMEA analysis in 14.0, we are enabled online monitoring of failures and preventive
maintenance of machinery, thus reducing maintenance cost and increasing the efficiency of the
machinery maintenance process.

Table 1. Example SQL query for FMEA analysis

Database_Failures Database_knowledge

IDfailure | IDcategory | Name | Date | Time | Severity IDcategory | Name | Corrective
in fault action

SELECT *

FROM Database_failures

LEFT JOIN Database_knowledge ON
Database_failures.|Dcategory=Database_knowledge.|Dcategory
ORDER BY Database_failures.IDfailure

SELECT

Database_failures.IDfailure,

Database_failures.IDcategory,

COUNT (database_failures.IDfailure) AS Failure_Frequency,
Database_failures.Failure_Frequency * Database_failures.Failure_Frequency.Severity AS RNP
FROM Database_failures

LEFT JOIN Database_knowledge ON
Database_failures.|Dcategory=Database_knowledge.IDcategory

GROUP BY database_failure.IDCategory

ORDER BY RNP DESC

Above query gives as calculation of Risk Priority Number for determination order of application
corrective measures for maintenance of observed machine.

14.0 also characterizes the introduction of cyber-physical systems that are reflected in the use of smart
devices (sensors, actuators). A smart device is a machine with the properties of a computer. One of its
main features is the ability to communicate with other smart devices in the environment (data
transmission) and perform smart operations.
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Fig. 3. Smart sensor

One smart device must have a power supply, memory, processor and communication interface. What
needs to be satisfied from the aspect of business production industry are, first of all, low prices and
low energy (Machine to Machine — M2M) of these devices. Figure 3 shows smart sensor, and Figure 4

shows smart actuator.

Comunicative interface

L

5
—

.z-r"’L

2

\

2\
e/
Power supply

Processor

Fig. 4. Smart actuator
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Presented model of integration of industrial engineering methods and techniques enables online
monitoring of production process influence factors, and also enables increasing productivity and
efficiency of the business production systems. Also, according to our previous results employees’
behavior has to be in accordance with technological level — as in [18] upgrading of technological
levels forces employment of proactive people with soft culture.

CONCLUSION

In a new business environment dominated by smart machines, the applied method and technique of
industrial engineering can point to the internal potentials of manufacturing companies. Methods and
techniques of industrial engineering are aimed at optimizing production processes, better utilization of
available resources, reducing downtime and waste, more efficient production management and
increasing profitability. In Industry 4.0, these methods and techniques implemented come to full
expression as networking and communication between cyber-physical systems is raised to a higher
level.

Future researches should be focused on implementing of presented model of integration of industrial
engineering methods and techniques in the industry. Also, the research can be focused on employees
and their satisfaction by implementing 14.0 in production factories, then how the implementation of
the presented model can affect on workplaces.
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Abstract: The rapid progress of automation, functional requirements and requirements for the shortest possible
assembly times of machine parts also require the development of various constructions solutions that serve to
help solve various problems in manufacturing flows. Through this work presents the clearly defined steps from
the idea, or the list of requirements that are defined by the customer to the final constructions (workstation).
Based on the list of requirements, a conceptual solution was formed, on the basic of which they developed
shapes and dimensions of a workstation, with a clearly indicated division of manufactured or purchased parts. In
the end, after various analyzes, documentation was prepared on the basis of which a constructions solution was
made. Based on customer requirements, sensors and cameras were used to detect the position of parts.

Key words: design workstations, sensors, automation

INTRODUCTION

The lack of manpower, as well as the acceleration of the production process, also caused an increase in
the degree of automation. Daily increases the number of robots that replace human labor in different
spheres of mechanical industry. There are many examples of automation in the automotive industry
[1]. In addition to the many possibilities of robot operation, there is a need for automated auxiliary
stations that complete the system and lead to process balancing [2-3]. Depending on the production
process, the function will depend, as well as the construction of those stations. The development of an
independent and automated station creates the basis for its inclusion in a fully automated system or
system based on industry 4, which can be developed in several ways [4].

Through this paper, the procedure of development of one station is presented, for positioning two
different machine parts, which are placed on that station by a robot, then taken and carried on to other
stations. This procedure covers the entire process from the idea, ie the requirements of the table, the
requirements of the production line, but also the limitations from the aspect of robotics to the
construction of a structure that meets all these requirements. At the very beginning, there is always the
question of quality, price, speed of change, as well as the position of the intermediate station between
two workstations where the transport of the machine part from one to another requires changing the
position ie rotation of the parts. Changing the position of the part opens up new potential problems.
One of them can be the way of positioning and fixing the part, as well as the coordination between the
object that puts and takes over the part from the table. Complete coordination should be coordinated
and monitored by sensors. This is one of the essential requirements that must be defined from the very
beginning. There are several ways in which the development path from idea to realization can be
defined.

DEFINITION OF REQUIREMENTS AND CONCEPTS

There are a number of requirements that must be met when designing a construction for positioning
disc and rotor type parts. These requirements can be divided into two types, namely the requirements
that the constructions must meet in relation to the disk and the requirements related to the rotor. Both
development paths must go through the same procedure defined in Figure 1.

There are two ways to develop this construction. The first is the individual (separate) development of
the constructions, which refers to the parts of the disk type and the parts of the rotor type, and
subsequently define the elements of the connection between these two constructions. Another way is
to develop both constructions together and parallel.
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Fig. 1. Display of workstation development from idea to finished
product in the process of exploitation

The requirements that must be met related to the disk are:
> The disc should be positioned at a height between 800 and 1000 [mm];
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The robot must have access to the part from both sides, ie it can be put from one side, from the
side from which it was taken from the conveyor, and taken from the other side;

The part must be clearly and unequivocally positioned each time you leave and take the part;
The part must always be in the same position when the robot picks it up from the station;

The coordination of the robot grips with the workstation must be harmonized;

The robot can only catch the part by a cylindrical surface on which there is a rough finish
(clearly defined area);

Part detection must be performed,;

The construction must have a load capacity of at least 12.5 [kg];

The sensors used to detect the part must be from the IFM manufacturer;

If parts detection cameras are used, they must be from the Keyence manufacturer;

If a motor is used to rotate the bearing parts, it must be from the FESTO manufacturer,...

VVVVYVY VYVVVV VYV

Requirements set in relation to the rotor can be defined as:

The construction must provide clear and unambiguous positioning of the part;

The position of the part must be detected;

The robot must have unobstructed access to the station when installing and removing the part;
The sensors used to detect the part must be from the IFM manufacturer;

If parts detection cameras are used, they must be from the Keyence manufacturer;

Height to be between 850 and 950 [mm];

The robot can grasp the part for the cylindrical surface on which the rough processing is;

It must be possible to access the robot rotation from several directions, if the part is not well
positioned,...

VVVVVVYY

Based on clearly defined requirements, a conceptual solution of the table can be formed (Figure 2) on
the basis of which the shapes and dimensions of all parts will be developed. The concept was made
separately for the disk type part and the rotor type part.

+90°

Eu—élsl_ﬂ

Fig. 2. Conceptual design construction for a part of the disk type

Identical, based on the requirements for the construction on which the rotor will be positioned, a
conceptual solution was formed (Figure 3).

Fig. 3. Conceptual design construction for rotor type parts
On the basis of two separate concepts, it was established that the conditions for the disk and the rotor

can be met on the same construction, and based on that, a conceptual solution was formed as in Figure
4.
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Fig. 4. Conceptual design for defined requirements for disk and rotor parts

EMBODIMENT DESIGN

In developing the shape and dimensions of machine parts, it is very important to take into account the
preparation of materials from which machine parts will be made, ie care should be taken whether the
material is in the warehouse (in stock) or must be ordered from suppliers. Also, another very important
thing is if you purchased a semi-finished product what is the deadline and what is the price of
delivery? If there are finished parts from some suppliers, and they can be delivered to the assembly
plant as soon as possible and at the lowest possible prices, and they meet the requirements, such parts
should be given priority over the parts that are made completely.

As the most appropriate for the production of a support constructions is a welded constructions made
of a profile of square cross-section, with sheet metal fillings from the apartment, which have the
function of supporting the upper load-bearing surfaces (Figure 5). According to the requirements that
the robot must have access to the part on both sides, ie to "put down" the part and lower it to the
workstation, and then to take the same part with the same or other grips from the station on the other
side, (in Figure 6.)

Fig. 5. Developed shape of the Fig. 6. Developmental shape of the
supporting structure support plate

On the basis of further clearly defined requirements, other parts were also developed, but standard
ones that could be purchased were used, and their price was lower than the production price. All these
parts are positioned on the developed support plate and fastened in an appropriate way, so that they
can position the part and hold it until the robot grippers accept it (Figure 7).

The shapes and dimensions of the subassembly for rotor positioning were obtained in an identical way
(Figure 8).
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Fig. 7. Developmental shape of the support plate with Fig. 8. Developmental form of the
all supporting elements, without screws supporting constructions for the rotor,
without screws

Taking into account all the requirements and limitations, a complete workstation assembly was
developed for positioning the disk and rotor type parts (Figure 9). Figure 9a shows the construction in
the position when the robot lowers the parts on the construction, while Figure 9b shows the position of
the station in the position when the robot takes the parts.

Fig. 9. Development form of a station for positioning disk and rotor type parts

ANALYSIS THE WORKING OF CONSTRUCTION

By analyzing the work of the construction, it can be concluded that the disk together with the carrier
plate rotates by an angle of 180°, while the rotor is only positioned in a certain position, so that the
robot can be programmed to take it from the appropriate side and bring it to the next station in a
clearly defined position.

The plate is rotated using a Festo rotary actuator with a gear and a gear rack (Figure 10). The
maximum allowed moment of inertia on the coupling at a pressure of 6 [bar] ranges from 1000-
67000[kgcm?] for a rotation of 180° depending on the time cycle which can be from 0.5-4 [sec].
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Fig. 10. Festo swivel drive with gear and gear rack

An inductive IFM short-range PNP sensor was used to detect the presence of the rotor, while a laser
sensor with a range of up to 300 [mm] was used to detect the position. The position and presence of
the disc is detected by two retroreflective sensors. One sensor gives a signal that the disc is placed on
the board, while the other sensor checks the correct position of that disc._If both signals are positive it
means that the disc is in position, which gives a signal that the grippers can clamp the disc and that the
plate can be rotated by 180°. When the disk is brought to the position to be on the lower side of the
board, it is necessary to keep it in a precisely defined position with appropriate grips which will
release it and allow the robot to take it over when the robot accepts the disk. This is made possible by
the use of rotating grippers. In order to be able to rotate the table, two bearings with ball bearings were
used, and in order to stop the plate each time in the same position, an additional inductive sensor and
small shock absorbers were used. An additional sensor detects the position of the board and based on
it, a signal is obtained from which side of the board the robot should approach the table.

DEFINITION OF STANDARD AND NON-STANDARD PARTS

The next step, after the developed model, is the preparation of documentation for each non-standard
part on the basis of which the production is performed. Figure 11 shows a complete model with some
of the positions and parts that are made. In addition to the parts that are made, it is necessary to use
standard components so that the assembly can function and perform its function.

Fig. 11. Isometric view of the model with  Fig. 12. Isometric view of the model with some
some of the positions and parts that are made. of the positions of the standard parts

Figure 12 shows a view of the model, which defines some of the standard components that are ordered

from the manufacturer and together with the parts made in the production plant are assembled into one
assembly.
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CONCLUSION

On the basis of the customer's request and the possibilities of the contractor's production plant, ie the
workshop, a wish list was defined on the basis of which the analysis and making a sketch, ie the
concept of how the workstation will work, was approached. After that, an audit is performed with the
client and obtaining approval to develop the shape and dimensions for each component. With the
development of components, a complete assembly of the workstation with all standard and non-
standard parts was made, after which a meeting with the customer was scheduled again in order to
obtain the consent for the developed station. This document is the basis for further development of
documentation and procurement of standard components. After all the previously defined steps and the
production of parts, a construction was made on which the test was performed together with the
customer. The development of this station is one of the basic steps for the analysis of the robot's
operation and the development of grips with which the robot will carry the disk and the rotor.
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Abstract: The scientific literature is enriched with large number of optimization problems of various levels of
difficulty. Constrained optimization tasks in the field of engineering design have grown very popular in the last
years and many authors have implemented different algorithms in order to obtain optimal solutions. One of the
well-known engineering optimization problems is so-called tension/compression spring design. Several novel and
very popular swarm-based intelligent algorithms are implemented in this study in order to minimize weight of the
string and to obtain comparative results. Graphical representations of convergence curves as well as statistical
results have been also included in this brief study. Swarm-based algorithms performed well and fast for the
tension/compression design problem.

Key words: swarm-based algorithms, spring design, optimization, metaheuristics

INTRODUCTION

Optimization may consider a number of different problems whose complexity mostly depends on the
forms of objective functions and its constraints [1]. Optimization problems can be found in many areas
of engineering and industry and can be classified in different ways which requires different optimization
techniques to solve them. Engineering design problems are one of the well-studied constrained
optimization problems that typically consider minimization or maximization of objective functions by
finding appropriate values of design variables (design parameters) according to the set of specific
constraints [2]. Real-world design problems may include a large number of these variables and also a
number of different linear or non-linear constraints which increase complexity when making function
evaluations. In that sense, efficient and flexible optimization techniques are required.

To deal with constrained optimization problems in engineering design a number of different
metaheuristic algorithms have been proposed. According to [3], metaheuristic algorithms can be
grouped in three main categories, evolutionary, physics-based, swarm-based and human-based group,
such as represented in Fig.1. The first group of techniques is inspired by natural evolution principles.
The second one imitates physical processes that can be found in our universe. The third group of
algorithms is inspired by social behavior of animals and creatures in the nature. The last group covers
human-based solutions that imitate human behavior in various activities.

fMeta-heuristic algorithms\
Y i \d
4 Y Fo N
| Evolutionary algorithms J | Physics-based algorithmsj Human-based algorithms
4 4
\J \J \J
Genetic Evolutionary Gravitational Ray Zi:::: Ant Colony C'?ﬂ:;z;l‘ii Harmony
i i Lacal Search Optimization imizati
Algorithm Strategies p Eifintr=it Optimization i Search
Genetic Differential Simulated Central Force Grey Wolf Firefly Mine Blast ng;?:;g
Programming Evolution Annealing Optimization Optimization Algorithm Algorithm o
Optimization

Fig. 1. A classification of metaheuristic algorithms
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The emphasis in this paper will be placed on the third group of metaheuristic algorithms which are
studied and introduced within the scientific field called Swarm intelligence. Swarm-based
metaheuristics are population-based algorithms where a randomly generated population of individuals
(potential candidates) cooperate among each other and statistically over generations become better and
better and ultimately they are able to find good enough (satisfactory) solutions for a problem at hand
[4]. Using a set of specific rules, swarm-based algorithms define the position vector and change it over
iterations. This is achieved in two main phases, exploration, in which algorithm performs abrupt changes
to ensure different regions of search space are checked, and exploitation where algorithm directs search
around the best possible solutions found so far [5]. Exploitation improves local search capabilities, while
exploration leans towards global search. The main advantages of these stochastic techniques are problem
independence, simplicity of understanding and implementation, and adaptability to difficulties of real-
world problems.

In that sense, several swarm-based metaheuristics will be employed to solve the optimization problem
from engineering design called tension/compression string design problem. Comparative results will be
obtained in order to show performances of the proposed algorithms and ultimately, proposals for
algorithm adjustments, improvements or modifications will be highlighted.

THE TENSION/COMPRESSION STRING DESIGN PROBLEM

The tension/compression string design problem was firstly introduced in [6,7]. Objective function for
this optimization task is to minimize the weight of the tension/compression string which is shown in
Fig. 2 and Fig. 3. The optimal design of the spring must satisfy constraints on minimum deflection, shear
stress, surge frequency and limits on outside diameter and decision variables [8]. Three continuous
decision variables are taken into account: wire diameter (d or x;), mean coil diameter (D or x,) and
number of active coils (P or x3). Mathematical formulation of the tension/compression spring design
problem is given as follows [3,9,10]:

Decision variables:

X = [xq,%,,%x3] = [d,D, P] 1)
Minimize:
f(X) = (x3 4 2)x,x7 2

Subject to inequality constraints:

3
S X2 X3 3
=1-——"—-<0
9:(%) 71785x%
. 4x2 — x;x, 1 4)
= + <0
928 = 13566 0ex3 — x5 T 51082
. 140,45x, (5)
=1-————<0
g3(x) x22x3
L X1t X (6)
= —1<
ga(X) 15 <0
Bound range:
0,05 < x; < 2,00 (7)
0,25 < x, < 1,30 8)
2,00 < x5 < 15,0 )
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—f—a

Fig 2. Tension/compression spring schematic 2D representation [9,10]

'

Fig 3. Ténsion/compression spring graphical representation: (a) 3D schematic, (b) stress heatmap (c)
displacement heatmap [3]

RESULTS AND DISCUSSION

In order to obtain satisfactory results, the tension/compression string design problem has been tested
using several modern swarm-based metaheuristic algorithms. Comparative results have been obtained
and traditional non-modified metaheuristics have shown their performances. Among a large number of
algorithms introduced in scientific community, we have adopted the following ones in this study: Crow
Search Algorithm (CSA) [10], Grey Wolf Optimizer (GWO) [11], Particle Swarm Optimization (PSO)
[12], Whale Optimization Algorithm (WOA) [3], Ant Lion Optimizer (ALO) [13], Bat Algorithm (BA)
[14], Firefly Algorithm (FA) [15], Artificial Bee Colony (ABS) [16], Seagull Optimization Algorithm
(SOA) [17] and Cuckoo Search [18]. Most of these metaheuristics are introduced in the last decade and
therefore can be considered as fairly modern optimization techniques. Comparison of the statistical
results obtained by the aforementioned algorithms for the tension/compression string design problem
are given in Table 1. All of the metaheuristics have been run 50 times with the standard set of parameters
for each. Number of iterations (1000) and number of search agents/individuals (50) are the only two
parameters that were adopted for all metaheuristics.

Table 1. Comparison of statistical results obtained by novel swarm-based metaheuristics

Algorithm Worst value Best value Average value Standard deviation
CSA 0.016523 0.012876 0.014114 0.0007643
GWO 0.012765 0.01267 0.012711 2.1078e-05
PSO 0.015369 0.012667 0.01328 0.00078137
WOA 0.01688 0.01267 0.013674 0.00097938
ALO 0.017549 0.012666 0.01339 0.0010299
BA 0.016062 0.012669 0.012963 0.00061963
FA 0.013594 0,012667 0.012768 0.00016988
ABC 0.018023 0.012918 0.013383 0.00080648
SOA 0.01314 0.0127 0.012767 5.9998e-05
Cs 0.013741 0.012668 0.012849 0,00021589

Table 2 and Table 3 show the best solutions, i.e. best values for wire diameter, mean coil diameter and
number of coils as well as values of the constraints obtained by GWO and WOA metaheuristics
respectively. Fig. 4 represents the convergence curves for four swarm-based metaheuristics selected
from the study. As it can be noticed, all the algorithms clearly express fast convergence towards the best
fitness for this simple optimization task. With additional tuning of parameters and improvements in
balance between exploitation and exploration phases, these modern metaheuristics could find more
promising results for constrained engineering design problems.
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Table 2. The best solution obtained by GWO algorithm for the
tension/compression string design

Parameter x; (d) x, (D) x3 (P) g1
Value 0.051791 0.359144 11.1545 | -0.00047155

Parameter g, g3 g4 f(@
Value -7.1177e-05 -4.0558 -0.72604 0.012672

Table 3. The best solution obtained by WOA algorithm for the
tension/compression string design

Parameter x; (d) x, (D) x3 (P) g1
Value 0.051791 0.359144 11.1545 | -0.00047155
Parameter g2 g3 g4 f(x)
Value -7.1177e-05 -4.0558 -0.72604 0.012672
Objective space Objective space
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Fig 4. Convergence rates of GWO, WOA, FA and PSO algorithms respectively for
finding the best possible fitness of tension/compression string design problem

CONCLUSION

Brief study represented in this paper considered the implementation of several modern swarm-based
metaheuristic algorithms on constrained optimization problem well-known in the literature as the
tension/compression string design problem. After short introduction to optimization in engineering
design, the emphasis was put on metaheuristic algorithms, primarily on swarm-based group of
metaheuristics. Their popularity has grown in years due to their simplicity, flexibility, problem
independence and ease of implementation. Afterwards, tension/compression string problem was defined
and mathematical formulations were given. Then, several swarm-based algorithms were applied and
comparative results were obtained. Main statistical parameters were included in this comparative
analysis and two of the best solutions were pointed out. Convergence curves represented the rate of
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algorithms convergence toward best values. Short discussion was made to point out the significance of
algorithm parameter tuning and improvements that should be considered in future studies in order to
boost their performances and improve balance between exploration and exploitation phases.
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ANALYSIS OF CROSS-SECTION INFLUENCE ON
EIGENFREQUENCIES OF THE CRANES WITH LOADING-
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Abstract: This paper presents the influence of cross-sectional size and plate metal thickness on eigenfrequencies
of the cranes with loading-unloading trolleys on the slewing platform. Based on the multi-mass model of the
crane differential equations of motion are obtained. Determination of eigenfrequencies of systems with more
degrees of freedom represents an important phase in dynamic analysis and it is important from the aspect of
supporting structures optimization.

Key words: cross section, dynamic model, eigenfrequency, crane, trolley

INTRODUCTION

The problem of constructions oscillation is especially important in mechanical engineering when
analyzing the supporting structure of cranes. Research of the dynamic behavior of supporting
structures is present in literature [1,2,3,4,5,6,7].

Oscillations in the metal structure, which is a system with an infinite number of degrees of freedom,
will be discussed as oscillating of elastic system with a finite number of degrees of freedom. Because
of that the mass of the construction is replaced by one or several reduced masses, whereby the system
must have a minimum number of degrees of freedom. Replacing the existing masses of construction
with the reduced masses comes from the assumption of dynamic equivalence of both systems [8].

DYNAMIC MODEL OF CRANE

Based on analysis of construction of cranes with loading-unloading trolley on slewing platform, a
mathematical model of their metal construction as elastic dynamic system is made (Fig. 1) [8]. We
will consider the metal construction of cranes as an eight-mass system with thirteen generalized
coordinates. The given mathematical model is general for all types of cranes with loading-unloading
trolley on slewing platform and it corresponds to the real working conditions of metal construction,
because it includes all elements of the system elasticity and has a minimal number of degrees of
freedom.

We will consider the case of simultaneous operation of all the basic mechanisms of crane: the
movement of the bridge, trolley movement, lifting and rotation. System of equations of motion of the
metal structure in general form is obtained, and it can be defined practically all possible cases of the
crane operation.

MATHEMATICAL FORMULATION OF THE OSCILLATIONS

As shown in Fig. 1, there are two coordinate systems on the mathematical model. One of them is the
OnXnYnZn With the coordinate origin in Oy, and it is fixed. The other coordinate system is OXYZ with
the coordinate origin in O, and it moves together with the masses ms. Origin of the coordinate system
OXYZ is chosen as the middle of the left beam of the bridge in the position of equilibrium of elastic
system. The axis X is directed horizontally along the span of the bridge to the side of the right beam of
the bridge. The axis Z is directed horizontally along the beam of the bridge, and the axis Y is directed
vertically on the underside of the crane.

The reduced masses are:
e my - mass of the left beam of the bridge (without beam ends), presented in the middle of the
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bridge;

¢ my - mass of the right beam of the bridge (without beam ends), presented in the middle of the
bridge;

e m; - part of the mass of the gripping device, related to the left half of the bridge;

e my - part of the mass of the gripping device, related to the right half of the bridge;

e ms - part of the mass of the gripping device, which is reduced to the upper end of the gripping
devices;

e ms - mass of the payload and part of the mass of horizontal overhanging beam;

e my- beam ends mass and part of the the reduced mass of the bridge.

0
mMé
Fx //Q 72
P A
7 P
/ 1
ms S %
A s 2
| &ZE—" M

/ m7 Fu/e

Yn

Fig. 1. The multi-mass model of a crane with loading-unloading trolley on slewing platform [8].

Generalized coordinates are:
¢ X - horizontal movement of point 0 along axis X from fixed point O;
X1 - horizontal movement of mass m; along axis X from point O;
y1 - vertical movement of mass m; along axis Y from point O;
¢ - angle between the reduced masses mz and my;
X3 - horizontal movement of mass ms along axis X from point O;
ys - vertical movement of mass ms along axis Y from point O;
Z - horizontal movement of mass ms along axis Z from point O;
y - rotation angle of trolley;
d - vertical movement of masses ms and me;
Ux - movement of the upper end of the vertical overhanging beam along axis x:
u; - movement of the upper end of the vertical overhanging beam along axis Z;
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e ) - rotation angle of the horizontal overhanging beam in the swing;
e ) - rotation angle of the horizontal overhanging beam around vertical overhanging beam.

The generalized non-conservative forces:
e F; - force of the bridge movement mechanism;
o ;- force of the trolley movement mechanism;
¢ M - moment on the horizontal overhanging beam;
o Fxand F;- force components at the end of the horizontal overhanging beam.

For deriving the differential equations of motion, the second-order Lagrange equations of the
following form were used. Basis for the mathematical model shown in Fig. 1.:

d(oE ) OE, oE,

- - = 1
dt[aqj o ag @
Where

q=f (x, X, Y, 0,3, Vs, z,;/,d,ux,uz,ﬂ,z,ﬂl) - independent generalised coordinates;
Ex and E, - kinetic and potential energy of the elastic system;

1 . - .. .. .. .1 1 ) o1 ;
Ek = anox2 + 85 XX, + 8y, XX; + 8y, XYy + 8y XU, + a0-12X/11 +Eanx12 +Ea22y12 + a23y1¢+ §a33¢2 +
1 ., .. . a1 .9 o . a1, -
+§a44x3 + 8%y + Qe XaUy + 8,5 %5 4 +§a55y3 +8g; Y57 + g Yo + a5, Y54, +Eaesz +85402U, +
.1 .2 s - o o1 i I A o
Ag10L) "‘Ea?ﬁ/ + 70 + a7, +a,,, 74, +a,,,74 +Ea88d +84,,d4, + Eaggux +3g5,U,A4 +

1 . T ! .1 .
+ E a10-1ouz2 + a10412uz/11 + E a11-11/12 + E 812_12/112 :

1 1 1
Ep = 5(311)(12 +C X X5 + Eczz Y12 +Cp3 Y1+ Cos Y, Y5 +Cpr Y10 + §C33¢2 +Cy5PYs + Cyy By +
1 2

1 1 1 1 1 1
+EC44X§ +§C55y§ +C57y37/+§C7772 "’Ecssdz +EC99uf +EC10-1OUZ +§C12-12/112-

Generalized forces are obtained using virtual displacements:
1) Q,=F+F +msacosih;
2) Qqu=0;
3) Qu =0;
4) Q,=0;
5) Q3 =Fy, +mMgacosii;
6) Qu= —(ms + me)d. ;
7) Q,=F,+F, +mgasin44;
8) Q,=-Fd —%(m5 +mg od —mgad cos 4,4 ;
9) Qg =—(mg+mg)d;

10) Q, =—F, —mgacos i
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11) Q, =F, +mgasini;
12) Q,, =M +mgad;
13) Q= —an—(l5 +m6a2)2;.
Where:
a;, - mass coefficients;
¢y - stiffness coefficients;
i - number of equations;

k - number of independent variable

The multi-mass model of a crane with loading-unloading trolley on slewing platform is shown in
figure 2. The assumption is that the trolley is loaded and it is in the middle of the bridge, transverse to
the axis of the bridge. In that case we have:

x=0; %=0;d=const; d=0; x=0; %=0;u,=0; ,=0; x=0; %=0;

g

PMS

i
MLM3/Ma,m4
2 Fas2 Fas2
\>

m7

\

Fig. 2. The multi-mass model of a crane in case of loaded trolley movement
Replacing concrete data in the (1) gives system of equations (2):

Agel + g0, +agoh =F +F,
10.6Z + 340400, + 340024 + Cro10U; = F; (2)

anp.6Z + 0l + 812104 +Cp1phy =—F,a
Elimination of members which contains term Z gives following system of equations (3):

asl, +a, 4 +CU, =2y

AU, +35,4 +C, A4 =ay

@)

Where

A, = A5a81012 — A012 ~ H10.6%.10
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Ct =846C1010

d1q = ~au06F> + (866 —a106 ) F: ;

Ayt = AgpB1210 ~ Q1266105

82q = 5621212 ~ 268612

Cr =a66C1212 5

Ao =6 — (312.6 - a%a) F,.

Non-conservative forces F,and F, acting on the system.
For F, =N, =const; F, =const

The system of equations (3) takes the form:

a U, + alaﬂ“i +CiU, =—aeN, + (ase — 906 ) F;

8¢l + 85,4 +Cohy = 812N, ~ (2126 —8552) F; .
The general solution of this system of equations is:
u, = Al((l)o) sin (@t + 6y ) + Aféz) sin (@t + 6y, )+ D
A= ASO) sin (@t + 6y )+ Ai(;z) sin (@t + 6, )+ Dfy

Where
, —aypeN, + (a6 —a106) F; .
Dlo - b
Ct
D - 6Ny _(a12-6 - a66a) F,
o = -
c

Dynamic loads:

Pz =U,C,;
My, =ﬂ'lczu )
Where

P, - load on the upper end of the gripping devices along axis Z;
¢, - flexural stiffness;

M., - moment on the upper end of the gripping devices;

c,, - torsional stiffness.

We will consider the case of the approximate solution of equations of motion during functioning of
trolley mechanism, under following assumption F, =N, =const ; F, =const.

Approximate determination of dynamic loads which acting on the horizontal plane on the upper end of
the gripping devices along axis Z. We assume that the trolley is absolutely rigid in torsion. Differential
equation of motion is:

3y¢l, +CrU, =—ay6N, +(a66 _a10~6) F.,

and angular frequency of oscillation

o= |- @
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Solution of differential equation:
u, = A sin(a)ft+5} )+ Al%z) sin+ Dy,

Horizontal dynamic load which acting on the upper end of gripping devices:
Rz =U,C, .

ANALYSIS OF THE RATIO BETWEEN THE THICKNESS OF VERTICAL AND
HORIZONTAL PLATES ON EIGENFREQUENCIES

An analysis of the influence of the plate thicknesses ratio of the horizontal and vertical plates of the
main longitudinal beam of the crane on the eigenfrequencies are obtained, based on equation (4).
Eigenfrequency graphs for different parameters were made in the Matlab package software.

b1

o~
)

t1

h1
N

Z /]

Fig. 3. Cross-section of the main box girder

In these studies, the case of box-type girders with aligned edges of horizontal and vertical plates was
analyzed. The beam lengths are 1;=15m, 1,=20m and 1;=25m, and the plate thicknesses are t;=10mm;
12mm and 14mm and t;=12mm; 15mm u 18mm. The width of the cross-section bs is from 400mm to
600mm and the height h; is 800mm; 1000mm and 1200mm. For different heights of box girders, and
the same thickness of vertical and horizontal plates, using the Matlab software package,
eigenfrequencies were obtained for t;=10mm, t,.=12mm and different heights h,=800mm (Fig. 4.),
h1=1000mm (Fig. 5.) and h1=1200mm (Fig. 6.).

2.6 T T T 3.2
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t2r 16}
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0.8 s L g B s 3 S
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b1 (mm) b1 (mm)
Fig. 4. Eigenfrequencies for t;=10mm, t.=12mm  Fig. 5. Eigenfrequencies for t;=10mm, t;=12mm
and h;=800mm and h;=1000mm
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Fig. 6. Eigenfrequencies for t;=10mm, t,=12mm
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Fig. 7. Eigenfrequencies for t;=12mm, t,=15mm

and h;=800mm

Figures 7, 8 and 9 show the values of eigenfrequencies for t;=12mm and t,=15mm and the same
values of by, | and h; as in the previous case.
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Fig. 9. Eigenfrequencies for ti=12mm, t,=15mm

Fig. 8. Eigenfrequencies for t;=12mm, t,=15mm
and h;=1200mm

and h;=1000mm

Figures 10, 11 and 12 show the values of natural frequencies for t;=14mm and t;=18mm and the same
other parameters as in the previous cases.
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Fig. 10. Eigenfrequencies for t;=14mm, t,=18mm
and h;=1000mm

and h;=800mm
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CONCLUSION

From Figures 4, 5 and 6 it can be seen that with increasing magnitude b, the eigenfrequency increases
linearly with increasing h; for all three lengths. The largest increase in eigenfrequency is for I=15m
and h;=1000mm and it is 13.80%, and the smallest one for 1=25m and h;=1200mm and it is 12.88%.
For values t;=12mm, t,=15mm (Figures 7,8 and 9) the largest increase in eigenfrequency is for values
I=15m and h;=800mm and it is 15.15% and the smallest one for 1=25m and h;=1200mm and it is
13,03%. The highest percentage of eigenfrequency increase for values ti=14mm, t;=18mm is for
I=15m and h; = 800mm and it is 15.29% and the lowest is for I=25m and h;=1200mm and it is 13.19%
(Figure 10,11 and 12).
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Abstract: In this study, the temperature distributions on the cooking surfaces and the mechanical stresses caused
by the pressure arising during cooking proses of the wafer baking molds made of different materials to be used in
wafer baking ovens were numerically investigated. Four different materials, GGG-40, GGG-45, GG-25, GJV-
350, were examined. Since the structural integrity must be demonstrated in all loading situations encountered by
the molds, simulations have been done using the finite element method. It is seen that metal types have little
effect on the heating time of the molds. In the thermal expansion analysis, it was seen that the material made of
structural steel next to the molds was incompatible with the main material.

Key words: Thermal distribution, mechanical behavior, heat transfer.

INTRODUCTION

Wafer production machines have an important place in the food machinery industry. One of the most
important machine of the wafer production line is the wafer sheet baking oven. The wafer dough is
baked by pouring it between the heated molds in the oven. The wafer baking molds move on rails in a
chain driven manner in the oven and complete the cooking process after one full turn. After the liquid
dough is poured into the mold, the bottom part is cooked first (on the upper cooker) and the half turn is
completed. Then, with the mechanism, the molds turn to the lower part and the upper part is baked.
Thus, the mold completes one full turn. Then the molds are opened and the baked wafer sheet comes
out of the oven automatically. These products are produced in different sizes between 280 and 1000
mm. The thickness of the wafer sheet is can be between 2.5 mm-4.6 mm depending on the customer
request. A wafer oven can contain up to 200 baking molds.

Liquid wafer dough is poured in a certain amount (150-220 g) between the wafer baking molds and
baked in the oven within 2.2-3 minutes [1-3]. Natural gas or LPG is used to provide the necessary heat
requirement. The internal temperature of the wafer oven is between 200-250 ° C [1]. The furnace is
heated for 45-90 minutes when it is first started, and then the furnace is heated, with constant
continuous combustion by small flame lengths.

In Figure 1, the drawing of the wafer leaf cooking mold is given. During baking, the surface
temperatures of the molds should be between 120-190 °C [1, 4-5]. Since wafer dough has a potential
to ferment above room temperature (26 °C), the temperature of the dough must be between 8-18°C [6-
7].

Fig. 1. Drawing and photograph of the wafer moI
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Tiefenbacher [1] stated in his study that the wafer mold caused a 7-8 °C decrease in the temperature of
the wafer dough poured into the baking plate, and after about 80 seconds the temperature of dough and
mold came to balance.

There is 52-58% water in the wafer dough. While the wafer dough is cooked between the molds, the
water in the dough passes into the vapor phase and causes a pressure of 1-1.3 bar to the wafer mold
[8].

Wafer baking molds are made by casting (Spherical Graphite or Lamel Graphite Casting)
manufacturing method. The reason for using cast material is that the casting can transmit heat
homogeneously to the whole wafer sheet with its late cooling feature. In wafer production, it is
necessary to provide a homogeneous heat distribution throughout the wafer sheet in order for the
wafer sheet to be cooked in the desired thickness, weight and homogeneous manner.

In this study, the effects of temperature distribution and thermal deformations of four different
materials (EN-GJS-400, EN-GJS-450, EN-GJL-25, EN-GJV-350) used in wafer baking mold were
analyzed numerically. Proper boundary conditions are applied according to the literature and
measurements.

MATERIAL AND METHODS

Since the continuity of structural integrity must be demonstrated in all loading situations encountered
by the molds during the study, simulations were made using the finite element method.

The transient heat transfer in a homogeneous, isotropic body, involving the conduction and convection
phenomena can be expressed by the well-known diffusion equation below, where t represents time,
T(x,y,zt) represents temperature distribution. The a(m?/s)=k/(p.c) represents thermal diffusivity,
where k, thermal conductivity; p, density; and c, specific heat capacity [9-10].

@°T @°T a°T ¢ 14T

= 1
ﬂx2+ﬂy2+dzz+k a dt @)

If the change in temperature distribution in a structure is known, the deformation that occurs
depending on the temperature can be calculated. This initial shape change due to temperature variation
can be calculated by &, and expressed as follows where a. is the shape change due to temperature:

g0 = a1 AT )

Where, a represents the thermal expansion and AT represents the nodal temperatures. Hence the
following equation is obtained

o =E(e— &) 3)
After solving the finite elements equations the resulting stresses can be expressed as follows
o = E([B]q - 1AT) (4)

Where displacement, stress and strain components of nodes are as follows respectively.
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For isotropic media the stress vector is expressed as c=[D]{e} where [D] is elasticity matrix of 6x6
dimensions. After solving the above mentioned equations, the stress components can be used to
evaluate equivalent stress at any point by using von-Mises equation as follows.

O, =0,,= \/ % [(O'J_ - 0'__} + (0'_\_ -0, )3 + (rrx - J‘_)z + 6(1}2 + z'_L_z + r_n_z)] (8)
The solid model of the construction was created, and the transient thermal and static stress analysis
were performed on the model using the finite element method with the loading conditions taken from
the literature and measured experimentally.

In the transient thermal analysis, the environment inside the furnace was defined as constant 200 °C
and it was accepted that heat transfer occurs from this environment to the mold. In the mold, heat
transfer by conduction is defined. In the analysis, film coefficients, heat conduction coefficients,
specific heat and density values of each material are defined. The temperature of the wafer dough
poured into the heated mold is defined as 10 °C. In the static loading analysis, as well as the mass of
the mold itself, the internal pressure of 1.3 bar in the area where the dough is located during baking is
defined.

Due to the ductile character of the materials used in the construction, the nodal forces obtained as a
result of the finite element analysis were transformed into equivalent stresses with the help of the Von
Mises equivalence criteria and used in the evaluation of the safety situation.

The properties of the materials used in mold construction are defined as indicated in Table 1.
Components other than the specified materials (bolts, etc.) are accepted as structural steel.

Table 1. Material Properties

Property Unit GGG-40 | GGG-45| GG-25 |GJIV-350
Heat conduction coefficient W/(m.K) 37 36,2 46,5 41
Fatigue limit MPa 210 210 115 165
Elasticity module GPa 169 169 118 135
Tensile Strength MPa 400 450 250 350
Yield Strength MPa 250 310 - 245
Thermal Expansion coefficient | 10°(1/C) 13,5 12,5 12 12
Specific heat J(kg.K) 494 494 494 475
Poisson’s ratio - 0,27 0,28 0,26 0,26
Density kg/m?® 7100 7250 7200 7100

In thermal analysis, the presence of wafer dough in the system was simulated by using the virtual
topology and element birth / death approach using multiple loading steps. The entire construction is
modeled as a solid and the Bonded Contact algorithm has been defined and used at the connection
points of different components in the construction. All welding zones in the structure are accepted as
having excellent welding quality. The solution was simplified by excluding all components that do not
bear a structural load in the analysis. Bolt-like fasteners are modeled using beam elements in order not
to cause stress singularity.

RESULTS AND DISCUSSION

In Figure 2, the temperature distributions obtained at the end of 3732 seconds with transient thermal
analysis at 200 °C in the oven ambient temperature are given for different materials. It is observed that
the area where the dough is poured in the mold heated in the oven warms up relatively late compared
to other regions. Within the specified time, it was observed that molds made of different materials
reached approximately the same temperatures, and the maximum temperature above the mold made of
only GGG40 material was 2C lower. In Figure 3, temperature distributions of the cooking zones where
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the dough touched are presented. As seen in the figure, it is characteristically 5-10 °C lower than the
edges of the middle parts of the mold. In addition, when the behavior of molds made of different
materials is examined, it is seen that the average temperature is around 5 ° C higher in the mold made
of GJV350 material.
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Fig. 2. Temperature distribution of the wafer molds made of different materials after 3732 s
a) GG25 b) GGG40 c) GGG45 d) GIV350
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Temperature changes during the heating of the molds are given in Figure 4. When the graphics are
examined, it is seen that the fastest heating in terms of average temperature is in the mold made of
GJV350 material and the slowest heating is in the mold made of GGG45 material. Although the
specified differences are not too great, it was evaluated that the time required for the average mold
temperature to reach 140 °C caused a difference of 5 minutes between GJV350 and GGG45 materials.
Under real cooking conditions, the molds are heated for a while (approximately 45-60 minutes), then
the dough is poured and the baking process is done. Therefore, in the analysis, the dough was first
defined as death and was modeled to provide real conditions by activating the molds after warming up.
When Figure 5 is examined, it is seen that pouring the dough into the mold suddenly decreases the
average temperature value for a short time. It is seen that this decrease is around 10 °C locally and
causes a decrease of 2 °C in the mold on average. It was observed that this decrease was compensated
in approximately 90 seconds in the mold made of GJV350 material and in approximately 120 seconds
in the mold made of GGG45 material, and it was observed that the dough and mold reached the same
temperature.
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Fig. 4. Change of average temperature according to time during pre-heating prosess
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Fig. 5. Temperature change after pouring wafer dough into the mold

Figure 6 shows the total deformation values caused by the weight of the molds and thermal expansion.
Since the densities of different materials are close to each other, approximately the same deformation
values have been achieved in all materials. The specified deformation values vary between 1.2 mm-
1.35 mm. The specified values are at a level that will not disturb the structural integrity of the mold or
cause geometric nonlinearity.
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The stress values equivalent to the von Mises equivalence criterion of the mechanical stresses caused
by thermal stresses and internal pressure effects in molds made of different materials are given in
Figure 7. It is seen that the stresses remain in the range of 72-87 MPa in most parts of the mold,
although there are locally high stresses. The specified values are at the limit of safety for all materials,
it is seen that the stresses of 87 MPa occur in GGG40 material, and the stress of 72 MPa occurs in the
mold made of GG25 material.
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The high stresses seen in Figure 7 should be handled together with the deformations caused by thermal
expansion presented in Figure 8. The reason for the high stresses mentioned is that the support plates
next to the molds and made of structural steel are incompatible with the coefficients of thermal
expansion with the main materials. When the molds expand, the side supports expand slightly, causing
local stress formation. It is recommended to choose materials compatible with the main structure in
order to eliminate the stated situation.

C: Transient Structural  Transient Structusl
T

Ti
26062020 1421

c) d)
Fig. 8. Thermal deformation a) GG25 b) GGG40 ¢) GGGA45 d) GIV350

CONCLUSION

In this study, the effects of temperature distribution and thermal deformations of four different
materials (EN-GJS-400, EN-GJS-450, EN-GJL-25, EN-GJV-350) used in wafer baking mold were
analyzed numerically. Proper boundary conditions are applied according to the literature and
measurements.

As a result of the analysis carried out on the cooking molds, it was concluded that it is appropriate to
use all the materials evaluated in the construction, that it maintains its structural integrity and can
operate safely under the specified mechanical / thermal loads. However, it is considered that their
performance can be improved as a result of the improvements to be made in the mold construction.
Moreover, the support plates next to the molds made of structural steel are incompatible with the
coefficients of thermal expansion with the main materials. It is recommended to choose materials
compatible with the main structure in order to eliminate the stated situation.
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Abstract: For many years, Industry 4.0 has been a popular topic related to the application of digital technologies
in various manufacturing processes. The basis of this concept is the acquisition and analysis of data from
propulsion equipment, which enables the realization of faster, more flexible and more efficient production. The
result is high quality products, cost reduction, increased production, changing labor profile, increasing the
competitiveness of the country's economy. The fourth industrial revolution is characterized by smart factories
and plants that are adaptable and efficiently integrate customers and business partners, with an emphasis on full
automation. This is possible due to the increasing reduction of barriers between the elements of automation and
communication and information technologies. Modern process automation means optimizing the quality of
products, increasing safety at work, reducing unplanned downtime in production, efficient use of available
resources, meeting strict environmental requirements. Improving technology consists of mass production, which
saves energy, resources and labor. The following technical and technological elements essentially represent
Industry 4.0: big data, autonomous robots, software for the development of simulation models, universal system
integration, industrial internet, cyber security, cloud computing, additive production and augmented reality.

Key words: process control, internet of things, cloud computing, additive technologies, digitization of processes

INTRODUCTION

Increasing production and reducing costs are the driving force in the development of industry and
various technical - technological disciplines. Every revolutionary innovation in industry makes a great
contribution to increasing the quality and production capacity of industrial enterprises on a global
level. Nowadays, the global industry is in the process of intensive transition to Industry 4.0, a standard
that implies a fully automated industry, in which the Internet of Things (loT) platform enables more
precise management of production and process activities, reduces production costs, minimizes errors
and failures, thanks to systems for predictive maintenance, management and analysis.

Modern automation systems basically have a six-step model of industrial automation architecture,
which is defined at Purdue University: level 5 - business system automation; level 4 - automation of
production plant automation of production plant, enterprise resource planning (ERP) [1], production
planning strategy (MRP) [2] and production process management (Manufacturing execution systems -
MES); level 3 - automation of various branches of enterprises automation of various branches of the
enterprisies; level 2 - automation of machines and technological processes automation of machines
and technological processes; level 1 - supervisory control systems; level 0 - sensors and actuators.

In the general case, the software is installed on PCs connected to levels 2, 3, 4 and 5. Levels 2, 3 and 4
usually have communication interfaces and databases in which data is buffered and information of
individual levels and user interfaces is synchronized. This model of computer data processing is
relatively complex, increases operating costs and complicates the administration process. This is also
the reason for the tendencies that lead to the simplification of architecture.

The new controller models and devices in the field are in direct communication with all levels - from
levels 0 and 1 to 4 and 5 levels, using appropriate communication protocols and especially WEB
services based on Open Platform Communications Unified Architecture (OPC UA).

This tendency develops naturally and dynamically, since each new element of automation, as a rule,
possesses a certain intelligence and richer functionality. This applies both to devices and equipment
that are installed in the field - more intelligent sensors and controllers, and to equipment in operation -
more powerful computer systems. The Industry 4.0 initiative, OPC UA and the Industrial Internet of
Things (110T) consortium also make a significant contribution to this direction of development [3].
The tight integration of field devices and corporate-level business systems is becoming increasingly
important in increasing production efficiency - the next big step in the evolution of industrial
automation.
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Business production management systems such as those for enterprise resource planning - ERP or
materials - MRP traditionally use a package architecture, which does not reflect the situation in real
time [4]. This way naturally affects the quality of products, services and supply chains, and ultimately
reduces the level of profit. Full automation of the company enables processing and monitoring of
transactions in real time, which enables synchronized and timely operation. There are controllers that
are in direct communication with the company's business systems using the OLE architecture - Object
Linking and Embedding for Process Control. To achieve the set goals, we are also working on
adapting existing industry standards such as OPC, OPC UA, B2ZMML (Business To Manufacturing
Markup Language), ERP interfaces as well as those with IT (Information technology) databases.
Digitization of products and services has a horizontal and vertical effect on the value chain, which
means that the company must integrate processes and data flows from the procurement of raw
materials and product development to technology, production and transport. In this process, it is
necessary to network with suppliers, customers and other partners in a complex value chain. After the
steam engine, conveyor belt, electronics and the Internet, there is now talk of 6 "Industry 4.0" - the
fourth generation of industry characterized by the networking of smart digital devices. The
characteristics of industrial revolutions are shown in Fig. 1 [5. 6].

ﬁ "3‘
u S
[
First Industrial Second Industrial Third industrial Fourth industrial
Revolution Revolution revolution revolution
The end of the 18th Beginning of the Begining 70s of the Today
century 20th century 20th century
Use of water and Mass production, Electronics, IT, Cyberngtic physical
steam powered Use of electricity Production production systems
machines automation,
Robots

Fig. 1. Basic characteristics of industrial revolutions

Condition maintenance (maintenance based on the forecast or predictive maintenance) is a way of
anticipating possible problems in the plant and undertaking activities in order to neutralize those
problems. Developed analysis systems can drastically improve the finding of solutions that will
contribute to the precise conduct of the production process. Related to this are modern business
models based on newly promoted services and new technologies. Countries differ in terms of
digitalization goals, although companies around the world are largely in the vortex of Industry 4.0,
with regionalization of their goals being observed: corporations in Japan and Germany use
digitalization mainly to increase production efficiency and product quality.

In the USA, there is a trend of developing new business models with the maximum acceleration of
digital offers and services. Enterprises in China place emphasis on strengthening their position in
relation to international competitors through cost reduction. Some research predicts that most regions
will be at almost the same level of digital integration within five years, and that some countries such as
Japan, Germany and the United States will still be at the forefront [6, 7].

LARGE VOLUME OF DATAV EXCHANGE, ANALYSIS, OPTIMIZATION, CLOUD
COMPUTING SERVICES

The development of automation is accompanied by a constant increase in the set of data used in the
analysis and optimization of automated processes in order to increase productivity and production
efficiency. The amount of information is constantly increasing due to the installed devices that
generate real-time data. The Cloud Computing platform enables companies to access the IT
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infrastructure (servers, data storage equipment, etc.) and various fully developed software business
applications via the Internet. An important feature of cloud architecture is flexibility in relation to
users, which allows small and medium enterprises to keep pace with the constant change of
technologies with their relatively limited IT resources [8].

OPC UA is the only open communication protocol so far, created on the basis of standards adopted in
computer technology, which connect industrial software, controllers and sensors with corporate
business systems, which enables increased productivity and creates conditions for the realization of a
digital factory. OPC UA creates the possibility of efficient and reliable communication infrastructure -
from sensors to corporate management system at all levels of production automation, SCADA system
and process management. PLC (programmable logic controller) open OPC UA functional blocks are
extensions of the IEC 61131-3 standard that traces the path to the IEC 61131-3 software model and the
UA information model [9].

GSM devices are increasingly being used instead of remote monitoring systems. The implementation
of techniques for connection to cellular networks, which are constantly being improved, and the
sending of short texts (SMS) to controllers have been increased. The development of this area also
includes technologies such as the Internet, cloud computing, software with various functions as well as
IP (Internet Protocol) video and audio communications

APPLICATION OF COLABORATIVE ROBOTS

Robotics is the basis of the 4th industrial revolution. The question arises as to why these robots are
different from those that have been used for ten years or more in various branches of industry
(automotive industry, shipbuilding, military industry, pharmaceutical industry, etc.). The difference is
that today robots and humans have become equal partners - robots now have a higher degree of
artificial intelligence in a networked factory and can communicate with machines and workers via
smart devices. Machines communicate with semi-finished products, and individual parts of machines
with each other.

The robots have built-in sensors - each individual joint of the robot has a sensor and responds to the
slightest touch. If a glass of water is suddenly placed in front of the robot's hand, it will slowly slow
down its movement so that not a drop is spilled. With that collision hazard recognition, human-robot
collaboration is now possible. Until now, people and robots in the halls have always been separated by
fences. Modern robots now work closely with humans. The development of robots goes in the same
direction as with PCs - the goal is to produce at the lowest possible cost during operation, with at the
same time greater power and functionality, which makes robots suitable for performing a number of
tasks in the industry.

Colaborative robots safely and efficiently assist workers in the production process, with no need for
experts to program, install and maintain them. Installing and configuring these robots is intuitive and
does not require much time. Robots can be switched off during idling while waiting for processing
materials, which can save up to 15% of the energy now consumed in the production process. In
addition, their price is several tens of thousands of euros, and the efficiency and time of exploitation
enable a quick return on investment. These robots provide optimal speed, high precision and safety at
work. Nowadays, new generations of robots are appearing on the market, which are more compact and
work in a working environment with workers. Their prices are significantly lower compared to the
prices of conventional industrial robots and are very interesting for relatively small production plants
[10, 11].

INTEGRATED DESIGN

Recently, the design of various products, machines and production processes has been intensively and
dynamically developed. At the same time, we are working on the development of efficient
management systems. A key component of this concept is simulation software, which is becoming
increasingly accessible and easy to use. The goal is to create software that will enable the design of
products, production processes and automation platforms, with the idea of enabling the verification of
these projects through simulation before physical realization. The simulation enables the cooperation
of designers of production processes and automation, which contributes to the relatively easy adoption
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of new technologies, while improving product quality, increasing the level of production and
ultimately the profit of the plant.

Control and supervisory systems can be developed in the direction of software and system-oriented
architectures, which are based on devices for analysis, modeling, design and evaluation of human-
machine interaction, including methods that enable modeling of human behavior, real and virtual
environments for simulations, complex methodologies design, task assignment, etc. Advances in
modern human-machine systems in process automation include intelligent HMI (Human-Machine
Interfaces) devices for operator navigation, automatic generation of machine control programs, various
trends and graphics, as well as training programs based on ready-made functional modules and blocks.
The global transformation of industrial automation is in full swing. An increasing number of
connected devices, unlimited Internet access, permanently growing IT infrastructure are prerequisites
for the development of new business potentials [12, 13, 14].

ADDITIVE TECHNOLOGIES AND 3D PRINTING

Advances in the field of additive methods have enabled the development of 3D printing - modern
technology in the production of three-dimensional objects. 3D printers are widely used to make
prototypes and even regular products, which allows production at far less cost compared to
conventional technologies. Another advantage of additive technologies is reflected in the fact that a
single machine can produce a large number of different products, which is practically impossible with
traditional production lines. At the same time, 3D printing enables the creation of very complex
shapes and structures that would not be profitable in classic production. This is likely to lead to radical
changes in the way a wide range of industrial products are designed, developed and manufactured.

The technique of 3D printing has found application in the military industry. The US military printed a
spare part for the F-16, and the British for the Tornado [15].

The principle of operation of 3D printers is similar to the operation of ordinary printers - printing
takes place in a plane, except that not one layer is printed but the appropriate number of layers to get
the third dimension. Graphic 3D software packages are used to design the element to be created as the
final product. The printer driver converts this model into layers. A simple presentation does not reflect
all the complexity of this procedure. One of the first materials used for these purposes (along with
liquid photopolymers that harden) is ceramics. Various powders are used as raw material for 3D
processes. Since materials have different properties, certain technologies cannot be used for certain
types of materials. It should be expected that with the further advancement of 3D technology and
printers, as well as the materials used in the production of samples, there will be improvements and
even greater efficiency and applicability of this technology [16].

INTERNET OF THING (1oT) PLATFORM IN INDUSTRIAL AUTOMATION

The integration of 10T functionality in industrial automation has significantly reduced operating costs,
contributed to the optimization of production process time, energy and resource use. In this context,
the Internet of Thing is a set of physical objects or devices that connect to the Internet using embedded
technologies and have the ability to observe, measure and interact with other things around them.

The realization of an intelligent production infrastructure, based on the 10T platform, provides owners
and managers of industrial plants with information related to production and business at any time and
at any point. Data on the operation and functionality of equipment are the starting point in optimizing
productivity, developing process control, increasing energy efficiency, safety at work, reliability and
flexibility of industrial production.

The 10T platform basically has sensors and devices with a relatively low price and low energy
consumption, which contributes to a significant reduction in costs in modern industrial production.
This technology enables direct communication between sensors, devices and infrastructure in the
plant, which provides servers, operators and management with the necessary information about the
operation and efficiency of the system [17, 18].

Cloud platforms, intelligent buildings, the current development of automation in construction and
industry, the possibility of acquisition, processing and storage of extremely large amounts of data (big
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data) and other technological innovations in this area have accelerated the development of the concept
of industrial Internet elements - I10T.

NEW STRATEGIES AND TECHNOLOGIES

According to Berg Insight, the number of automation systems is constantly increasing globally. At the
same time, the number of interconnected devices and the amount of collected data to be processed is
increasing. This results in the need for new, more powerful management systems to fully exploit the
potential of the data collected. About ten years ago, there was a significant difference in the price of
technical means (especially controllers and accompanying equipment) of various manufacturers.
Recently, there are differences in the price of processors, memory, embedded software,
communication components, etc. they become minor. Conventional processes and technologies, which
have had a satisfactory performance in the industry for a relatively long period of time, are already
becoming inefficient. The transition to Industry 4.0 requires new strategies and technologies, which
will reduce the time and effort to perform industrial operations. Renowned experts believe that in
addition to technological innovations, work will have to be done on improving the system for data
acquisition, processing and analysis, and that the problems related to that will be solved in the loT
environment.

The growing role of automation in the realization of industrial production and the "transfer" of
increasing human rights and tasks to automated equipment and robotic systems represents a huge
potential for more precise control and increased production efficiency. For the application of 10T in
industrial automation, a new generation of controllers and sensors has been developed, with advanced
capabilities and increased intelligence, which enables more precise management and efficient
operation with a minimum of downtime. The main challenge of today's development of process
automation is the design of complex and global decentralized systems. This requires new methods and
techniques of modeling, improving the design and functionality of control - monitoring systems, the
ability to manage complex networks with a large number of interconnected control systems and the
coordination of many autonomous network elements.

DEVELOPMENT OF COMUNICATION TECHNOLOGIES AND PROTOCOLS

The evolution of communication technologies has a decisive role in the transformation of the structure
of industrial automation systems. Until recently, plant automation was based on the concept of
Computer Integrated Manufacturing (CIM). In such a hierarchical structure, certain devices are
designed for specific tasks and use specific network connections.

With the development of technology in this area, devices are becoming multifunctional, the
intelligence of devices and equipment is increasing, and there is a need for modular devices. For
example sensors, which are traditionally used to measure certain process variables, are increasingly
being integral parts of monitoring and predictive maintenance systems in modern process automation.
It is noticed that the traditional hierarchical concept of process management is becoming insufficiently
functional, and its place is taken by decentralized distributed architecture.

Industry 4.0 integrates modern information technologies with conventional physical production and
processes, enabling the development of new markets and business models. Industry 4.0 is thus
oriented towards integration and the provision of services that the individual customer is willing to pay
for [19]. Industry 4.0 is projected to transform the industrial workforce by 2025. According to research
in ermany, the introduction of digital industrial technologies will create more jobs than jobs that will
cease to be needed, with new jobs requiring significantly different workers. Detailed modeling
predicts an increase of about 350 000 jobs in Germany by 2025.

Namely, the increased use of robotics and information technologies will reduce the number of jobs by
about 610.000 in assembly and production, which will be compensated by the creation of about
960.000 new jobs, especially in the IT sector and data science. For this country, Fig. 2 illustrates the
gross revenues of certain industries for 2013. and forecasts for 2025 [20].
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DATA TRANSFER

The increasing speed of data exchange has imposed the need for mass use of Ethernet technologies in
industrial networks. This also applies to wireless architectures that are increasingly present in the
process industry. They can integrate remote, geographically remote measuring elements and devices in
the field, have flexibility, are easy to install and operate, enable visualization, remote configuration,
diagnostics and control. Another leading trend, in terms of communication in process automation, is
the integration of interfaces that support the transfer and exchange of various types of device data -
data from process measurements, control signals, various diagnostic data, monitoring data,
hierarchical information and more. In order to respond to the needs and challenges of the modern
process industry, it is necessary to implement horizontal and vertical integration of information and
communication technologies as well as automation systems in the entire structure of the industrial
enterprise. This can be achieved by efficiently integrating various processes into a single platform and
connecting all individual subsystems.

CONTROL WITH THE USE OF PREDICTIVE MODELS

Model predictive control - MPC is already a standard solution in process control in the industry. There
are mainly two models of predictive control - linear and nonlinear. The main advantage of this control
method is the possibility of regulating multivariable systems, which have numerous limitations of
input and output values. Solutions in the field of process control and automation of fourth generation
MPC technologies are available on the market, which enable parallel optimization of a number of
levels, priority realization of control tasks, improvement of product quality and efficient use of
resources. There are also various advanced identification devices based on error and fault prediction
methods. This concept is used in various fields including the chemical industry, food, oil and gas
processing plants, the pharmaceutical industry, the rubber industry and a number of other sectors.

The development of optimal control of nonlinear systems, estimation of status and parameters, as well
as stability analysis and synthesis of nonlinear systems are also part of the field of predictive control.
Modern solutions of predictive control systems enable decentralized control and horizontal integration
of global nonlinear processes that can be connected by a network, as well as the application of hybrid
discrete - continuous control systems.

In process automation the application of artificial intelligence is increasing, especially in the field of
product quality control, where slight improvements in process management can lead to significant
advantages over the competition. The most important thing of technologies based on artificial
intelligence in the industry is real-time process control and resource planning and management where
their further development and mass application is yet to come. Monitoring of the production process,
the possibility of forecasting failures, unplanned downtimes and accidents, are key elements for
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increasing efficiency. The basic task of the management system is to enable product quality, safety
and security of people and equipment. The consequences of unplanned and unwanted events due to
various causes lead to a drastic increase in costs, to the interruption of the production process in a
certain period with significant negative effects on the reliability and economy of the company, as well
as on its image. The more complex the control process, the more complex the monitoring and
diagnostics that will prevent the occurrence of failures and breakdowns. In modern process
automation, based on knowledge of the nature of the controlled process, there are two methods: one is
based on previous process modeling, which includes various quantitative and qualitative simulation
methods and predictive calculation of values of certain variables of systems over time; the second
method is based on the experience and historical data of the managed process with the application of
quantitative, qualitative and statistical methods. The development of automation and information
technologies in the process industry and the increase of its complexity and intelligence have resulted
in the generation of a huge amount of data and the need for their processing and analysis. At the same
time, the need for the number of executors engaged in management processes has decreased. Today,
operators are faced with very responsible tasks in terms of taking action in certain critical or crisis
situations, when it is necessary affect quickly and energetically.

For these reasons, they need processed and easily accessible relevant data. Therefore, the basic
tendency in process control is the integrated connection of management, knowledge and information.
This development is based on in-depth research into the interrelationships that exist between humans
and machines in the production process, covering all possible technical and social aspects of that
communication, as well as all activities in which people control or supervise machines, equipment or
complete technological processes.

DIGITAZION OF PRODUCT AND SERVICE PORTFOLIOS

Industry 4.0 goes far beyond process digitization. This revolution is leading to a greater degree of
digitization of product and service portfolios. The perfect mechanical properties of one product are no
longer enough to compete on the world market. The advantage is on the side of digitized products with
built-in sensors, software, the ability to generate data and network. Digital products are phenomena
that can be found in all branches of industry. For example in the automotive industry, instead of
classic braking systems, ABS (Anti-lock braking system) devices with implemented modern control
systems are installed. It is an electro-hydraulic system that prevents the wheels from locking when
braking, which usually happens when braking very hard or when driving on slippery sur the risk of
blocking the wheels. In production and engineering, the use and connection of appropriate sensors
enables optimal maintenance of machines and provides efficient operational control. It is
understandable that the percentage of digital products is the highest in the information and
communication technology sector. In the manufacturing industry, the degree of digitization is
currently between 22 % and 27 %. The general tendency of all sectors is an intensive increase in the
level of digital products and services in the coming years. At the core of Industry 4.0 is the complete
digitization of processes, products and services and integration into digital ecosystems with value
chain partners.

CONCLUSION

The perspective of automation is considered with special reference to Industry 4.0. Various
corporations around the world are projected to invest more than $ 1000 billion a year by 2022 in the
conquest of Industry 4.0, which will lead to a significant reduction in costs, increased efficiency and
profits, and it is predicted that the investment will pay off in two years, with the need for IT experts to
increase permanently. In the countries of the developed world, it is estimated that one third of their
companies have a high level of digitalization, and it is expected that this percentage will reach the
value of 75 % in the next five years. Worldwide, large companies are investing 5 % of their digital
sales revenue annually, or approximately $ 907 billion, which will be further invested in digital
technologies such as sensors and various devices, and in the development of software and applications
such as production management systems. It is believed that in the next five years, data analysis will
have a major impact on decision-making processes. Industry 4.0 is based on the smart factory model
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that integrates the knowledge and skills of participants at all levels (scientific corps, managers,
engineers, workers). The basic features of a smart smart enterprise are: smart personalized product,
unified role of manufacturers and service providers (offer of extended products - integration of
products and services), high level of cooperation at the level of business system and environment. The
essence of the vision of Industry 4.0 and 10T is a versatile connection of people, products, machines
and equipment in the production plant in order to realize new products and services.

Products, transport system and devices will be able to "negotiates™ within the virtual market regarding
the most efficient steps that would allow maximum efficiency of the production process. This would
provide a connection between the virtual world and the physical objects of the real system. In the last
15 years, progress has been evident in the development of additive technologies (3D printing), which
has significantly increased the potential for design, development, production and distribution of certain
products. This progress is e.g. in the automotive industry opened the door to innovative technical
solutions that have contributed to cleaner, easier and safer production, shorter delivery times and
reduced costs. It is a question of the near future when 3D printing will begin to be used not only for
prototyping but also for innovative elements in mass serial production.
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Abstract: In this study, control of a reaction wheel inverted pendulum system is modelled in virtual prototyping
environment is proposed. Virtual prototype of the reaction wheel inverted pendulum is created using several
softwares. Firstly, the system is created by using SolidWorks and imported to MSC Adams, afterwards the
control plant model is exported to MATLAB for design the controller and apply the system. A PID controller
(Proportional-Integral-Derivative) is designed and applied for the purpose of balance control of the system. The
results show that modelling and control the reaction wheel inverted pendulum is successfully achieved the
control simulations. Results are given in the form of the graphics.

Key words: modelling, control, reaction wheel, inverted pendulum, simulink, mscadams, co-simulation.

INTRODUCTION

Inverted pendulum systems are widely studied in control systems area to compare control techniques
as a benchmark problem. There are many different inverted pendulum types such as rotary inverted
pendulum, single or double link cart pendulum systems and the reaction wheel inverted pendulum [1-
4]. In this research, reactional wheel inverted pendulum system is studied. Reaction wheel is a
flywheel that is used in many systems such as satellites attitude controls, drive the robots and vibration
control systems [5-8]. The Reaction wheel inverted pendulum also known as inertia wheel inverted
pendulum is a pendulum system consist of a rotating wheel on top and a simple inverted pendulum
rotating about a pinned joint. Also, many control techniques are studied using these different type
inverted pendulum systems [9-11]. PID controller is very comprehensive and effective that's why it is
commonly used. Therefore, a PID controller is applied to balance the pendulum in this research. PID
controller is implemented to the system by using MSC Adams and Matlabco-simulation. MSC Adams
is an effective way to modelling the mechanical systems and exporting the control plant to the
Matlab/Simulink [12].

MODELLING AND CONTROL

In this section modeling and control of the reaction wheel inverted pendulum system is described.
CAD model of the system is designed on the basis of [13] by using SolidWorks. Designed reaction
wheel inverted pendulum system is shown in Figure 1. and the system parameters are shown in Table
1.

Fig. 1. Reaction wheel in\;erted pendulum system.
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Table 1. Reaction wheel inverted pendulum system parameters.

M, | Mass of reaction wheel 0.554 kg

M, | Mass of pendulum 0.141 kg

Jw | Wheel mass moment of inertia 4.36x10kgm?
Jo | Pendulum mass moment of inertia | 0.69x10-3kgm?
L Pendulum length 0.21m

L, | Pendulum center of mass length 0.11m

T Control torque Nm

6 | Pendulum angle degree

Designed CAD model is imported to MSC Adams that is a multi-body modeling software to build and
simulate mechanical systems dynamic analysis. Therefore, equation of motion of the reaction wheel
inverted pendulum is not used to simulate the system. The reaction (inertia) wheel inverted pendulum
consist of a reaction wheel on top and a simple inverted pendulum rotating about a pinned joint.
Control torqueis applied to the reaction wheel as input to balance the pendulum for the desired
positionas output of control system using Matlab/Simulink and MSC Adams co-simulation. Pendulum
angular velocity and wheel angular velocity values also defined as outputs of the system.Control
system of the reaction wheel inverted pendulum is shown in Figure 2.

0
f > 7 | N ’@
J-|_ 2 Pendulum Angle [deg]
Impulse Force (Disturbance) : l [ >@
Pendulum Angular Velocity [deg/s]
0 PID(s) | ® :
Pendulum Angle PID Controller Wheel Angular Velocity [rpm]

Reference [deg] Reaction Wheel

Inverted Pendulum

Fig. 2. Control block diagram of MSC Adams and Matlab co-simulation.

As seen in the control block diagram, an external force applied as disturbance in the4™ second and the
results are realized. Disturbance impulse value is 0.5 N-s and details of the disturbance shown in
Figure 3.Initial position of the pendulum is -25 degree and pendulum angle is controlled to balance
pendulum vertically using manually tuned (trial and error) PID controller, according to system
response and PID constants determined as K,=5, Ki=0.05and Kg=1.
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Fig. 3. 0.5 N-s impulse disturbance applied to the center of reaction wheel.
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RESULTS AND DISCUSSION

Desired pendulum position is 0 degree both in the beginning of the simulation and in the 4" second
when the disturbance is applied. PID Controlled pendulum position response is shown in Figure 4. As
seen in the figure PID controller successfully achieved the desired position of the pendulum in less
than one second. Moreover, Pendulum angular velocity and wheel angular velocity are also realized
and given in Figure 5. and Figure 6. respectively. Control torque output of the PID controller (control
input of the reaction wheel inverted pendulum system) is shown in Figure 7. Snapshots of the MSC
Adams simulation is shown in Figure 8. In order to see the results clearly time axis of the figures are
widened.
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Fig. 4. Pendulum angle response of the system.
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As mentioned in previous paragraphs 0.5 N-s impulse is applied to the center of wheel of the inverted
pendulum system in the 4™ second after the balanced from the initial position -25 degrees. Pendulum
position response after the disturbance impulse is shown in Figure 9. and the snapshots of MSC
Adams simulation is shown in Figure 10.
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Fig. 9. Pendulum position response after the disturbance.
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Fig. 10. Snapshots of MSC Adams simulation after the disturbance.
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CONCLUSION

The paper presents virtual prototyping approach of a reaction wheel inverted pendulum system.
Virtual prototyping make easy modelling mechanical systems without using equation of motions.
Designed system using SolidWorks is imported to MSC Adams, inputs are outputs are derived to
create control plant and exported to the Matlab/Simulink to run combined model and apply PID
controller. PID controller gains are manually tuned (trial and error) to balance the pendulum in the
vertical position applied, (O degree) both beginning of the simulation and after applied the disturbance
impulse. Controller is successfully achieved desired pendulum position. According to results, co-
simulation method is an effective and easy way to modelling the control systems. For the better results
optimization algorithms can be used to determine PID gains or different control techniques can be
used. Furthermore, this study can be a reference to the modelling and control studies of the mechanical
systems especially different type of pendulum systems for the future works.
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FORGE WELDING OF BIMETALIC AXE
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Abstract: Today, we used to say that bimetalic products belong to the new era, produced only by a high- tech
procedure. Here will be shown one product manufactured on a really primitive but successful way, made
from one structural and tool steel. Joining of two different steels here is explained by forge welding. For
the body of an axe commonly is used a kind of softer structural steel, about 0,30%C, while for a cutting edge
must be used an insert from high carbon tool steel with more than 0,70%C.

The practice of this kind of welding needs very skill forgers. Another disadvantages of this technology is in
very low productivity. But, instead of these, the forging and forge welding were applied over centuries ago in
producing very qualitative tools and arms (cold weapons). The skills and technical demands from this kind of
producing are not fully known to the contemporary welders or engineers, especially the benefits from a
protective atmosphere that charcoal could provide.

In fact, forge welding does not need an electrical current (direct or alternate), induction heating up, laser beam,
shielding atmosphere (argon or vacuum), etc., but only a wood charcoal, coke or gas fuel, and many practical
experiences in temperature determination during heating up, handy strikes and speedy movements. The using
of an appropriate flux also is needed. At the end, some knowledge and experience are desired in heat
treating of tool or an axe, it means in quenching and tempering.

After forge welding is done, very qualitative joint is achieved, first of all it means the fusion and interface
lines, which here are approved by metallographic view.

Key words: tool, axe, low- and high carbon steel, forge welding

INTRODUCTION - HISTORICAL BACKGROUND ON FORGING

Forging is undoubtedly the oldest deformation process. At the beginning, the noble metals as silver
and gold were deformed, firstly by forging and further by drawing and/or rolling. Very few works
were dedicated to the forge welding on the engineering manner, even today.

Forging welding was used in past for producing the wheels for vagons: the steel strip is heated up,
bended and forge welded into ring shape, then is mounted on a circular wooden wheel structure. The
heat affected zone is present in almost of contemporary welding techniques, but it could be said to
be unknown term in forge welding.

Forging and generally fire have taken a very important role in almost civilizations all over the world.
One of the most known gods is Hephestus, from ancient Greek, Fig. 1a). The principle of forging in
its nature is very simple: the shaping of metal is provided by using localized forces, almost.
Traditionally, forging is performing by using hammer and anvil, earlier is provided by hand
strikes. The most valuable pieces from industry and elsewhere (hand tools, jewelry, etc.) still are
producing by forging, because they are stronger than casted and machined piece.
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Fig. 1. Hephestus - ancient Greek's god of forging & fire a) and forging fire b)
FORGING FIRE

Forging fire has a pretty long history. Small number of steels may be forged in the cold state; it means
that almost of steels should be forged in the warm or hot state. Heating up was provided by using a
forging fire by using a charcoal. In nowadays the heating up is rather provided by using a coke or gas
fuel (propane or propane mix) for easier achieving the high temperatures. The most important
advantage of forging fire lies in ability for producing very desired reduction atmosphere, for
preventing the decarburization of steel.

The disadvantages of using a forging fire are in limited length (or volume) of heated part, Fig. 2a),
and at low productivity for the contemporary sence of production. The equipment for forging fire is
pretty simple, Fig. 2b).

. e Buming coke
Coal ranforming Buming coke Hearth

to coke
| ‘ ——

Firepot

Moving air

Moving air A<h

source

Fig. 2. Partially heated up end of a part to be forged a) and air supplying into forging fire b)

The vertical cross section through the forging fire is given in Fig. 2b). Charcoal was used over milenia
but now the coke and or propane/butane gas mixture are more desired for heating up for forging.
Water power was introduced into iron production in the XII century, allowing the use of large
hammers in forging processes.

Pretty long time the forging process (—drop forgingl) is provided when hammer (raised and dropped
by hand) strikes and deforms the workpiece — it is so called open-die forging. For these operations is
needed a well skillful operator. It also valids for forge welding.
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PRINCIPLE OF FORGE WELDING

In forge welding the pressure and temperature have play crucial role. By using only a pressure many
welding methods were developed, from those the most important are:

friction welding,

ultrasound welding,

explosion welding and

stir welding.

Today, the pressure welding is applying in producing some of avio- and auto pieces, thanks to the high
quality of those technologies. The real problem in forge welding is limited dimensions.

If the forging forse is great than is needed the lower temperature for heating up. In past, the
temperature of heating up of a piece is determined only by naked eye, as bright yellow or white. Those
temperatures are about 0,9Ts, (between 1200-13000C), as approved by contemporary methods of
temperature measurement. Scetch of three principal stages during forge welding of an axe is shown in
Fig. 3.
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Fig. 3. Principal operations in forge welding of an axe with insert

After the piece, from a moderate carbon steel (=0,30%C), is heated up to desired temperature, next
operation is the folding (1) at Fig. 3. The second operation (2) is adding the insert from high carbon
steel (>0,70%C), position (2). Then, the juncture is ready to forge (3).

In industrial practice is well known the impossibility of welding when the high carbon steel is
used. The critical moment in producing the axe with an insert is the moment of welding, two
views are shown in Fig. 4. The forge welding starts when the pieces are heated up near to white
color, it means to the pretty high temperature, say about 1300°C, Fig. 4a). Overheating is not
allowed, from the metallurgical reasons. After few strikes the pieces are going to cooling down, as
could be see from Fig. 4b). In that case, it means that the forging procedure must be stopped and
reheating is needed. The number of reheatings is not determined in advance, it depends from the kind
of used steels, dimensions of forged parts (here an axe), further from the used energent (fuel), and
however from the skillfull of blacksmith.

The process of forge welding must be stopped after pieces are cooled, it could be noticed by
changing the color, say at orange color, Fig. 4b).
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Fig. 4. Crltlcal moments in hand forge welding: a) beggining (bright color) and b) at the end
(pieces were cooled to orange color)

In situation as in Fig. 4b) the reheating of cooled pieces bust be provide.
RESULTS AND DISCUSSION

Microstructure of forge welded joint

The microstructural review is one reliable method for observation the state at the weld zone. Many
thiny cracks in metallic materials could not be registered by ultrasound or gamma-ray techniques, but
are available by microscopic monitoring. The presence of eventually imperfections or nonmetallic
inclusions will be seen in metallographic view. Microstructures of both materials, low and high
carbon steel after forge welding is done, are shown in Fig. 5.

' fy\\; .~ y ",l::’) '
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Fig. 5. Microstructures of two steels obtalned in forge Weldlng Ieft — low carbon and rlght - hig
carbon steel [11]

The existence of two different materiaal clearly is visible. The binding zone is homogenous and free
of microcracks, those were the aim of welding.

After the forge welding is finished, the axe further is heat treated (quenched and tempered) and at the
end of processing the edge is sharpened by grinding, sometimes polishing. Picture of some steps in
producing an axe is shown in Fig. 6.
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Fig. 6. Some steps in hand forging/forge welding of an axe with
insert of high carbon steel

Forging and forge welding reguire really simple tools: hammer, anvil and forge fire, it means
without electrical current, plasma, laser, shielding gas/mixture, etc. Forge welding is available by
hand strikes, but in last centuries for this purpose are used hydraulic or air hammers.

Forge welding is, however, based on forging technology. The pieces to be joined must be heated up
to the higher temperatures than for ordinary forging. For successful forge welding the pieces must be
heated up to 0,9T.. The strong strikes lowering the temperature. The forge welding must be done by
pretty fast strikes, sometimes with two blacksmiths if needed, with synchronized moves. Even
though the high temperature is applied; the strong strikes enable obtaining the fine grain structure of
deformed metal.

For the body of an axe commonly is used a kind of softer structural steel, about 0,30%C, while for
the cutting edge must be used an insert from high carbon tool, steel with more than 0,70%C. The
greater content of carbon is needed for achieving the great hardness and strength at the cutting edge
after quenching and tempering.

Today, the handy forging is rarely in using, because for its providing are needed both great
skillfull and fast moves, so the production periode becomes long. It is clear that many welding
methods with using an electric current (on different ways) are faster than handy forging techniques,
but the forging usually gives better properties of finished product, also in aesthetic appearance,
than mentioned welded products.

CONCLUSION

The axe from the ancient times was an useful tool for man. Pretty early, such man achieved to
produce this very qualitative product, even from two different materials/steels. The welding of
diversed steels, if one is low and another high carbon steel, represents the problem even today. On
the empirical way, the man discovered the production schedule of forging and forge welding, which
are approved by contemporary methods of investigations. However, this principle is also available
for production of very qualitative goods, as for chains, etc. Handy forging does not require expenses
for machinery, tooling and high-temperature furnaces, but the workers must be very skilled.

By inserting a high carbon steel at the cutting edge, in a body of an axe from a low carbon steel, is
achieved very good connection between these different materials, as could be seen from
metallographic view. The microstructures of this forge weld shows pretty good adhesion of two
kinds of steels in the fusion zone.
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Abstract: Post-industrial era can be described as a time of transition from primarily manufacturing of physical
goods to service economy, due to technological revolution conversion in the last decades of the 20th century. This
decline from industrial manufacturing has led to higher unemployment and demise of traditional craft skills
vocational training. Economies of developed world is confronted with the shortage of the skilled industrial trade,
as well in qualified home trade service i.e. cabinetmakers, plumbers and electricians. Shrinking availability of
trained crafts people requires implementation of more practical apprenticeship programs, ensuring these skills
don’t get lost. This paper points out the importance of mentoring in manufacturing, as well as for service
companies and presents results of survey on mentoring in three medium-sized companies in Canada.

Key words: craft trades, working with hands, skills knowledge transfer, apprenticeship programs, mentoring

INTRODUCTION

The impetus for the current research, and for this article, came from concerns expressed to the author
by entrepreneurs about the apparent trajectory of diminishing availability of craft skill trades. Traditional
crafts are still “in the hands of an ageing population” and time is running out to exploit their knowledge
and experience. The world is aging and globally population aged over 60 is growing faster than any
other generation. Skilled trades retiring is creating workforce gap which affects all manufacturing
industries, and gloomily the existing apprentice training is not effectively bringing the young
replacement. If this workforce gap is not addressed suitably, it might result in traditional know-how
expertise and skills of craftspeople to vanish. According to the World Economic Forum, it points to new
future trends where hands-on craft skill work might be less sought after, as the world will turn to new
inventions of technology and automation. But at same time, life ergonomics require coordination of
mind and movements. This "fame" of scientific and professional prophecy is illusory prediction from
fact that human hands with practical work are always a necessity in all activities in life and hands-on
professions [1]. Stereotype belief for years now has been that attending the apprentice training in
vocational tech schools are young students who couldn’t participate in “regular” school. This skilled
trade gap in manufacturing requires more assertive education approach in making apprentice
qualifications appealing to new generation to participate in “hands-on” crafts training pro-grams.
Amalgamation of theoretical learning at school with alternating practical work in industrial
manufacturing facilities allows apprentices to develop practical knowledge and skills relevant to the
labor market and employer needs. Apprentices through practical “hands-on” work are supervised by
their mentors to learn craftsmanship by observation, imitation and practice. Skilled trade training
initiatives should be aimed at providing training to teachers and mentors within companies. One of
important aspects of skilled trade education in existing manufacturing plants is engagement of mentors,
who are recognized by plant management as competent journeymen trained to work and guide
apprentices. Another approach in passing on technical expertise and skills is to invite retired journeymen
to return to the place of their previous employment and take role of “hand-on” mentoring apprentices.
Acceptance of a journeyman to mentor other trade workers can be challenging because beside
professional competence requires “soft skills” personal approach. Collaboration between mentor and
apprentice can be beneficial, especially as reciprocal form of mentorship, where junior computer savvy
employees teach senior journeymen and help them to learn skills to understand computerized
information technology.
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APPRENTICESHIP

Brief History of Apprenticeship

Back in early history during the 18th century BCE in Egypt and Babylon, the Code of Hammurabi of
Babylon rules for master craftsmen ratified how to ensure transfer of knowledge and skills to younger
generation to safeguard continuation of quality of their trades. Initially during Roman Empire craftsmen
were slaves, but eventually “collegia” associations similar to guilds were established to recognize and
control craftsmen reputation. During Middle ages by the 13th century in western Europe craft guilds as
trade association were established control the quality, methods of production, training of apprentices
and work conditions. A master craftsman retained apprentices in their early teens as a free labor, but
provided food, lodging and formal training in the craft [2]. Apprenticeship and trades today are regulated
by government educational authorities, trade unions and business organizations. The labor laws support
“dual” character of the training system where the vocational part-time schools replace the traditional
high schools. This “dual” type of training requires improving and better coordination between the school
and the workplace. The new initiatives of involving internal with external mentors in companies can
enrich the existing training programs. Continuous training to teachers and mentors at college level and
within companies should be implemented by education authorities, by local chambers and augmented
through government funding.

Craft Trade Labor Shortage

Manufacturing is dealing with pending shortages of skilled-trade workers. According to EMSI
(Economic Modeling Specialists International), age is an important factor in skilled trade shortage. Age
break-down comparison between skilled trades and all jobs indicates that skilled trades are retiring
earlier and replenishment with younger generation trades in manufacturing is becoming critical.

60%
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1%
50%

40% 32.4%
30% 23.6%
" 18.6%
20% 15.5%
10% 1o% _A4:8%
9%
" R
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25-44 Years 45-54 Years 55-64 Years 65+ Years

Fig. 1. Age Breakdown: Skilled Trades vs. All Jobs [3]

According to the above breakdown skilled-trade workers keep working after the age of 65-far fewer
than in other occupations. One reason is that skilled trades jobs are physically demanding, although, an
opportunity should be created for skilled trade seniors to work as mentors upon retirement.

Craft Trade Apprenticeship

Trade apprenticeship benefits the economy, individuals and companies. Collaboration of private sector
with public authority benefits companies, apprentices and manufacturing economy. According to
Encyclopedia Britannica apprenticeship is training in an art, trade, or craft under a legal agreement
that defines the duration and conditions of the relationship between master and apprentice [2]. A skilled
trade apprentice is trained under supervision of qualified journeyman on the job and also learn in a
classroom from instructors who know the trade. In addition, a qualified mentor, who is usually
experienced journeyman, can be assigned to an apprenticeship to lead him or her in acquiring work
habits and trade skills. Phases of skilled trade training are outlined in three various stages of
development: from apprentice to journeyman and to the final recognition as a master. Each segment of
training and skills development is based on professional competence and technical knowledge as
described in table 1.
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Table 1. Phases of Skilled Trade Training

Apprentice Journeyman Master
In-process of Improving Competent Technical Expertise Mastered Technical Expertise

Technical Expertise (Proves ability to complete tasks working asa | (reached recognition by authorities and other

(Learning elementary trade skills) team, but recognizing his/her own trade skills masters to share expertise as a mentor and

limitations} instructor)
Primary Professional Ability to complete tasks with Professional Demonstrates Professional Competence
Competencies Competencies (co-operates and interacts with other
(Works under supervised instruction (reached professional growth to teach, mentor masters to develop technical applications
to correct and improve on making and supervise others) and leads others to improve performance)
mistakes)
Source: [4]

Apprenticeship training has similarities with Canadian, German or Swiss programs in collaboration of
companies, educational institutions and government that is known as Triple Helix model in economic
development. In order to participate in apprenticeship training programs, companies have to be assessed
to prove the existence of appropriate trade manufacturing facility and employs qualified in-company
trainers and mentors. Business training plan has to be prepared and approved to gain approval for
government funding under Department of Labor umbrella. There is cost in hiring and training
apprentices, for which is usually assistance available in the form of government grants and incentives
for companies taking on apprentices [5]. Journeyman mentor, besides being proficient in trade, must
have ability to teach and transfer knowledge to an apprentice. Approval of a journeyman to become a
mentor to other trade workers can be challenging, because beside professional competence requires “soft
skills” in personal approach toward apprentices. These “soft skills” are also important to throughout
progression path of apprentice-journeyman-master in learning to higher level of competences and
ultimately expand on effective networking with professional acquaintances. This network of passionate
trade associates can later in life create a cluster of entrepreneurs to join together in business cooperatives.
In-company apprenticeship training differs worldwide based on, governance, employer cost-sharing,
recruitment procedures and support structures to maintain the right balance in all stakeholders’ interest.
Most countries share costs of apprenticeships programs between government incentives, employers,
trade associations and unions. In some countries apprentices are hired as regular employees or are
employed as part time students. Principal difference relates to contractual agreement where companies
treat apprentice training as an investment with their commitment to stay on working for certain period
of time upon graduation. It is important to for companies to participate in apprenticeships programs as
an effective means of recruitment, which eventually produce a pool of skilled trade journeymen and
allows market sharing of trained resources. This pool of trade skill graduates stream is in the interest of
manufacturing economy and nourishing labor market.

Enticement for manufacturers to be involved in apprenticeship programs
Manufacturers empowering employees is important element of company sustainability and reputation.

Investment in building competence of employees in training and apprenticeships benefits the economy,
individuals and companies.

To satisfy future skills need

To acquire specific skills

To get young people into manufacturing
As a form of recruitment

As a form of bespaoke training
Competitive wage costs

Reduce unemployment

Financial incentives offered

0% 20% 40% 60 % 80% 100%

Fig. 2. Reason why manufacturers offer apprenticeship [6]
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As an add-on to the above chart there are other motives for manufacturing companies’ decision to be

involved in apprenticeships:

¢ An important reason for companies to engage in training is to secure a skilled workforce in future.

e Technological improvement in manufacturing sector forces companies to invest in latest equipment
and apprentices are exposed to the most advanced state of the art technology. In comparison school
training facilities mostly operate with existing equipment.

¢ The advantage of Dual System apprenticeship at school improves knowledge of science, technology,
and mathematics.

e Apprentice time of learning at school expands IT-related skills and competences.

Education Endowment Foundation (EEF) reports lack of qualified skilled trades and advocates the

government to launch new programs for apprenticeships and reform the education system to fill the gap

of trade people leaving for retirement[7].

Trades Apprenticeship Ending Note

In conclusions, the performance of a successful apprenticeship program depends on key elements, such
as type of dual apprenticeship system, teachers, in-company trainers or mentors, approved training
facilities, governance, stakeholder’s cost-sharing, legal contract arrangements and recruitment
procedures. The right balance between these elements and the diversity of education programs require
adjustment according to labor market situations. Another challenge is to change the skewed perception
of the trades as an inferior type of vocation and recognize trades an attractive profession [8].

THE ROLE OF LEADERS & MENTORS IN APPRENTICESHIP TRAINING

Leaders & mentors have important role in economic development while working, as well as when
continuing mentoring as volunteers during active retirement. Correlation of mentors in skilled trade
training programs emphasizes the importance of a relationship between mentor and protégé and explores
developments of mentoring models. Successful mentoring is a relationship between mentor and protégé
where both partners accomplish mutual correlational benefits.

Brief History of Mentorship

The conception of mentoring originated in ancient Greece, when Odysseus entrusted his friend Mentor
to teach and protect his son Telemachus [9]. Since then mentoring models have evolved to have a
significant impact on knowledge transfer and professional development. The evolution of economy from
feudalism into industrialization changed ways of communication and accelerated knowledge transfer.
The new wave of information revolution known as Computer or Digital Age is as important as
Gutenberg’s invention of mechanical movable type printing press in the fifteenth century. IT technology
is making an impact on all generations. The latest era of computerization has revolutionized sharing of
knowledge through instant retrieval of information and evolution of mass media communication.
Millennials embraced computers and it opened new opportunities for the techno-logically savvy younger
generation to advance through hierarchal organizational structure.

Reverse mentoring emerged as an open-minded mentoring model, where IT competent younger gene-
ration leaders contribute to relationship through reversed mentoring of older generation executives. The
further advancement through natural development of mentoring relationship is a transition from a
reverse model into a reciprocal one. Intergenerational knowledge transfer supports entrepreneurial strive
to improve employee retention, excel in innovations and competitiveness, therefore increase enterprise’s
market share, and contribute to the accelerated economic growth.

Development of reciprocal mentoring as a collaborative model
Recognition of mentoring is on the rise since the late 1980s. Importance of mentoring excelled since
Kram’s influential work [10] [11]. Mentoring relationships are recognized as one of the most effective

way of transferring knowledge and experience in inspiring development of new leaders and opportunity
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to interact one-on one with members of senior management helps newer employees develop a more
sophisticated and strategic perspective on the organization [1]. Theoretical research about positive
benefits of mentoring has been researched in books, journal articles and research papers [12]. Traditional
hierarchical mentoring model encompasses accomplished leaders as mentors to junior level employees.
Rapid technological advances and generational diversity is transforming typical employee relationships.
Reverse type mentoring is another model, where junior computer savvy employees mentor their senior
managers and help them to learn skills to understand compute-rized information technology. This direct
exposure of lower level employees to senior leaders led to reciprocal mentoring model as a two-way
relationship for the benefits of both sides, especially beneficial to juniors in better understanding of the
business operation [2]. Continuous extensive research created major advances in developing new
mentoring models, which are implemented in entrepreneurial organizations and education institutions.
Research papers, journal articles and books discuss positive benefits of mentoring [3]. In traditional
hierarchical mentoring model accomplished leaders are mentors to junior level employees. This one-
way mentoring model is mostly beneficial to protégé [13]. The reciprocal model of mentoring
progressed from reverse model and it has been recognized in research literature on development of
knowledge transfer; mentoring has a dual focus on the leadership development of both mentor and
mentee. Millennial mentors have the opportunity to demonstrate capabilities as leaders through their
coordination of tasks and goals in this relationship. [14] Rapid technological advances and generational
diversity are transforming typical employee relationships. Developmental relationships are becoming
one of the most important tools in cultivate new leaders [15]. Today multiple generations from aging
boomers to young millennial are working side-by-side. Senior managers and aging mentors are
challenged to become acquainted with new IT computerized technology. Computer savvy younger
employees and senior management have mutual interest in learning from each other through reciprocal
model of collaboration of knowledge exchange. Reciprocal mentoring is a two-way mutually beneficial
correlation and gives opportunity to both participants to share knowledge and improve their competency
[16].

Mentorship in Craft Trades

Mentorship take important role in entrepreneurial learning, as well as in the context of trade skills
multigenerational knowledge transfer in craft trades. In order to explore mentorship development this
paper compares different mentoring models and how reciprocal model changes correlation benefits for
an apprentice and senior mentor in craft skills training programs. Theoretical overview of two-way
reciprocal mentoring relationship and correlation benefit findings in this paper confirm the hypotheses
of positive overall effects on employees and to the overall prosperity of the company. Multigene-rational
knowledge transfer models have variations in manufacturing, other industrial enterprises, government,
academia and education.

Data collection, measuring and analysis

Scientific contribution of this research presents alternative correlation benefit analysis of cross-
generational mentor/protégé model in reciprocal mentoring, as well as attitudes following completion
of mentoring programs. Three distinct different companies are analyzed to explore conceptual under-
standing of entrepreneurial learning through mentoring process. The research has evolved from my own
experience as an entrepreneur and as an executive being involved in managing and developing new
engineering and craft skills talents for SME companies in Canada. The research survey emphasis value
of reciprocal mentoring model and which are benefits to individuals and organization. Case studies in
this research indicate that reciprocal mentorship is naturally occurring in small and medium size
companies, as in large companies is engineered and is part of human resources training policy. Research
in this paper corroborate evidence that reciprocal mentoring model brings further correlation benefits to
individuals, improves employee retention, as well as enhanced performance of the entire organization.
The findings in this research should encourage executives, entrepreneurs and human resources managers
to implement reciprocal mentoring model and conceptualize it as an important initiative. The research
framework developed is based on observations, narrative exchange, interviews and qualitative
methodology with corroborative analysis of data collected. Data used for employee retention is sourced
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from available human resource records for each company. The paper research studied employee
satisfaction feedback on how reciprocal mentoring changed attitudes, level of competence, change of
inner-company communication and variations in level of employee retention. Therefore, to analyze
qualitative results, it was the most practical to use semi-structured confidential narrative exchange and
voluntary interviews based on pre-determined set of open questions. Reciprocal mentoring satisfaction
questionnaire results are expressed in percentage of positive or negative change, such as: (a) employee
relationship, (b) multi-generational collaboration, (c) employee attitudes, (d) supervisor/subordinate
collaboration performance, (e) job satisfaction, (f) company meeting expectations, (g) employee
retention (2 categories), (h) enhancement leadership skills, and (i) - motivation to continue further
education and training. Employee retention is one of the indicators of employee job satisfaction and
survey guestionnaire distinguishes two types of possible answers that suggest employee commitment to
stay with a company. An employee has a choice to choose one of the answers. The first choice of answer
is weather employee is currently searching for another employment elsewhere or employee is committed
to stay with company.

Measuring Employee Retention Rate

Employee retention rate indicates employee fluctuation and capacity of an organization to retain its
employees. Employee retention rate can be calculated as follows: Total number of employees in the
company number of employees minus number of employees who left the company divided by total
number of employee and express as a percentage [15].

_ (Total number of employees - Employees that left)
Retention Rate % = x 100
Total number of employees

Retention rate number is the company personnel stability indicator and is usually calculated for a period
of one year. This number does not include fluctuation of number of employees that left and joined
company within the same time period. Turnover rate can influence and compliment retention rate and
is calculated by number of employees left divided by the average number of company employees during
the same time period [17].

Employee participant’s survey

The size of three firms has analyzed in this paper employ approximately 30 to 40 employees.
- Company #1 - is specialized in consulting engineering and fabrication.
- Company #2 - is in precision machining/manufacturing.
- Company #3 - is specialized in heating and ventilation equipment installation and service.

In the field of demography generations in the study are defined by the year of birth and are further
divided in two groups based on work job category and management position.

1) Age/Work Experience Groups: (a) Traditional Mentors Group born 1946 -1976 and (b) Digitally
Savvy Junior Mentors Group - born 1977- 2000

In the field of job category employees are classified in three groups:

2) Job Classification Groups: (a) Manager/Engineer, (b) Skill Trade Employee, (c) Apprentice
Questionnaire form for participants of the reciprocal mentoring program is created based on descript-
tion of Employee Participants Survey. Results of survey are compiled in Table 2 - 4.

Table 2. Comparison Employee Retention Rate

Employee Retention Rate Company 1 | Company 2 Company 3
Before Reciprocal Mentoring Program 40% 50% 57%
After Six Months of Program implementation 55% 59% 56%

* Employees were expected to mark response on a 5-point scale where 1 is completely unsatisfied and 5 is very satisfied.
** The scores are calculated as average, based on replies of employees of all three companies analyzed.

*** Changes in Retention Rate comparison is calculated before implementation and after of six months of the program.
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The data collected before and after the reciprocal mentoring program for each job classification is
entered into tables and charts below. The results show positive significance of reciprocal mentoring
implementation. Older apprentices born from 1946 to 1976 have been rehired through government
program of requalification of people whose work place became redundant. All three companies have
implemented apprentice program for training and requalification of older employees, who were forced
to change their vocation for a new job. In Table 3 the score comparison is recorded before
implementation of mentoring program and after completion of program. The answers in employee
survey rating show consistent improvement in all areas, except in answers to question for
managers/engineers about opportunity for career advancement and also for skilled trade motivation to
pursue education and training. The rating of the opportunity to career change for managers/engineers
stayed the same and explanation might be that older employees did not feel motivated to change or
advance in their career. An explanation for lack of motivation to continue further training for older age
skilled trade was that their qualification reached the top. The most positive attitude changes have been
recorded for managers/engineers feeling that company achieves their expectation and also that
leadership skills improved following the mentoring program. The most positive attitude improvement
for skilled trades has been recorded in supervisor/ subordinate collaboration, as well as improvement in
leadership skills. In Tables 3 score comparison is recorded before implementation of mentoring program
and after completion of program. The most positive attitude changes have been recorded for managers/
engineers in supervisor/subordinate collaboration, improvement in leadership skills, motivation to
pursue further education and recognition that overall work environment improved. Skilled trades
indicated the most improvements in multi-generational collaboration, job satisfaction, desire to pursue
further training, opportunity for career advancement and overall recognition that company achieved their
expectation. Following mentoring program apprentices show most of attitude improvement in
supervisor/subordinate collaboration and desire to continue further education and training. In Table 5
the average success score of the mentoring program for all participants is recorded before
implementation and after completion of the program. The average success rating show consistent
improvement in all areas of employee attitudes - Graphs 3, Graph 4 and Graph 5.

Graph 3 Graph 4 Graph 5

(Source: Author research results for three companies)

Table 3. Data collected for ‘A’ participant (ages born from 1946 to 1976) and ‘B’ (born 1946 to 1976)
Average Scores

‘A’ = Age: born 1946 to 1976

‘B’ = Age: born 1977 to 2000 Before After Before After Before After

A|/B|A|B|A|B|A|B|A|B|A|B

Questions
Team morale 4 141|143 |43[35|32 (3737|337 (353837
Multi-generational collaboration 3 |31|4 |41|37|33[39|36(38|37(39](39
Supervisor/Subordinate collaboration 351364 [39|32|36(39(37|35/|33]37 (37
Job satisfaction 3913742 |139(39(33|41(39|41 |4 43 143

The company achieves my expectations 3 |29(37 (3 [29|25|31(|29|31(26(32]29
3 4 3125|126 |26 |29 |25|26 |26 |27
2542|2831 (35|34 (3745|3946 |41
2547129133254 27135 |2 3.7 (22

Opportunity for career advancement

I am committed to stay with the company

O N|O|O|R[W|IN|(F

R I

My level of leadership skills
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Average Scores
Before After Before After Before After

A|B|A|B|A|B|A|B|A|B|A|B
9 | I am motivated to additional training 3 |35(32|41|4 |(33|4 |37 |46|4 |46 |45
10| Overall work environment 4 (39(41|43|36(|33(38(35(39(37|4 |39

Source: Author research results for three companies

* Employees were expected to mark their response on a 5-point scale where 1 is completely unsatisfied and 5 is very
satisfied. ** The scores are calculated as average, based on replies of employees of all three companies analyzed.

‘A’ = Age: born 1946 to 1976
‘B’ = Age: born 1977 to 2000

Table 4. Average reciprocal mentoring survey success results for all participants

Manager/Engineer Skills Trade Apprentice
Age Before After | Average | Before After | Average | Before After | Average
Born 1946 to 1976 3.24 4.04 3.62 3.37 3.72 3.55 3.71 3.84 3.76
Born 1977 to 2000 3.64 4.04 3.84 3.37 3.62 3.49 3.35 3.38 3.37

Source: Author research results for three companies
Mentorship Ending Note

Most research articles with this topic are in field of academic education and virtual knowledge exchange.
Theoretical research overview of multigenerational interactions in two-way reciprocal mentoring model
is found to be relatively scares in corporate environment. Reciprocal mentoring implementation in
corporate multigenerational environment is presented in this paper as alternative to traditional mentoring
models. Contribution of this paper is to validate importance of corporate program in reciprocal
mentoring. In this article, as well as other research papers confirm that reciprocal mentoring model is
an improvement to conventional models, promotes closer co-operation between employees and creates
collaborative benefits to both mentor and protégé. The paper contains brief review of literature in areas
of mentoring and entrepreneurial learning. One of benefits of reciprocal mentoring is increase in
company innovation capability, as stated in study conducted by Lin [18]. Research papers about
mentoring explored reciprocal relationship changes from face-to-face context to online knowledge
exchange. This opens up many possibilities for the development of collaborative reciprocal mentorships
on an international scale [19]. Global managers engage in reciprocal learning processes to obtain
new, innovative knowledge about other countries’ environments and business practices [20].
Recently a new research defined wider application of reciprocal mentoring, as omnidirectional
relationship. In many ways, suggesting that mentoring relationships can be reciprocal relationships
where all parties have equal knowledge and expertise to gain and share [21] Thematic discourse
analysis in this paper Correlation Benefits in Mentoring Relationship is used to examine mentoring of
three entrepreneurial companies in industrial service field. Material in study measures success of
learning experiences and is used to develop a conceptual model of mentoring performance analysis and
measure accomplishments in employee relationship. Findings based on data analysis have shown that
participation of professionals, skilled trades and different ages have positive correlation influence on
outcome of formal reciprocal mentoring programs. Attitude of older group of employees show minor or
no improvement following complete-ons of formal mentoring program. In general, the findings confirm
hypotheses that formal reciprocal mentoring program can be mutually beneficial to all involved and
have positive overall correlation effects in employee attitude and company prosperity. Scientific
theoretical research of multi-generational knowledge transfer models and overview of reciprocal
mentoring suggests how important is to continue further development of the model.

CONCLUSION

Manufacturing economy is facing serious challenges with diminishing skilled labor force due to retiring,
industrial plants being moved offshore and critical shortage of trade skill graduates creating craft skills
workforce gap. Retiring senior journeymen capable and qualified in knowledge transfer of traditional
crafts skills should be reactivated to mentor and train apprentices. According to the World Economic
Forum, it points to the new future trends in where hands-on craft skill work might be less sought after,
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because the world will turn to new inventions of technology and automation. But at the same time, the
life ergonomics require movement coordination between mind and body and must not be neglected. This
"fame" of scientific and professional prophecy is illusory prediction from the fact that human hands with
practical work are always a necessity in all activities in life and especially in hands-on professions. A
greater emphasis on apprenticeship training programs is required with promotion of trades an attractive
profession, not an inferior type of vocation. Working with hands and making tangible products is a
professional quality to be respected and craft skills will always be required and especially stay in demand
for industrial services and maintenance.
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Abstract: This work is part of the INTEREG IPA CBC Romania Serbia project entitled RORS394 Know to
Develop — Through knowledge to business and smart development of Banat. The project’s objective was to
increase employment opportunities and employability of young people through the creation of organizational and
institutional conditions for cross-border and networked improvement of education, knowledge and skills that will
meet the needs of the economy and labour market. One of the modules of the project refers to 3D scanning as a
high-resolution and accurate recording of the objects in 3D space is of high importance for many subjects of
different domains of interest such as monitoring landslides, archaeology, cultural heritage etc. Traditional
techniques for 3D data acquisition either restrict the size of the scanned objects or impose demands on the
stability and structure of the surface.

On the other hand, various society fields demand realistic 3D city models. For urban planning or historical
buildings even ancient fortresses, analysing in a 3D virtual reality world is much more efficient than imaging the
2D information on maps. For public security, accurate 3D building models are indispensable to make strategies
during emergency situations. Navigation systems and virtual tourism also benefit from realistic city models.
Manual creation of city models is undoubtedly a rather slow and expensive procedure, because of the enormous
number of buildings and complexity of building shapes. The rapid development of cities also adds to the cost of
manual city model updating. Nowadays, a lot of research has been done to automate the procedure of city
reconstruction, and a humber of approaches have been proposed. These approaches differ with respect to input
data, automation level, and object representation. In this context terrestrial 3D imaging laser scanning forms a
method to acquire a large number of precise data points in 3D space representing the surface of the objects under
investigation. These scanners are an effective tool for the collection of data to create a digital elevation model of
the topography of a site as well as of the surface of a single archaeological deposit.

The acquired data can be used for documentation purposes only, but the further processing provides the
possibility for virtual reality modelling for public presentation, restoration planning or virtual reconstruction.
Laser scanning technology and the final deliverable, materialized as the three dimensional model of the terrain,
emphasises the importance and the applicability of geodesy in giving proactive solutions to architectural and
engineering problems.

Key words: laser scan, 3D modelling, digital reconstruction, cross-border project.

INTRODUCTION

The RORS 394 project [1] aims at creating joint cross-border institutions for the promotion and
maintenance of knowledge, and joint services of providing knowledge, primarily in the field of IT, as
well as a rapidly growing industry, which contributes significantly to technological and sustainable
inclusive development of the region. Raising the quality of education makes young people more
employable; the collaboration between industry and institutions contributes to the adaptation of
knowledge to the needs, and the existence of the place for informal education is an opportunity for
these practice needs to be quickly transformed into knowledge. Lifelong education through training of
the trainers and online courses in the IT, entrepreneurship and management, contribute to the
preservation and enhancement of the quality of knowledge which is a prerequisite for the sustainable
inclusive growth, the growth based on the involvement and improving of knowledge of the local and
regional participants.

In this context, different training sessions have been realized in Timisoara as follows: training in CNC
programming (22-24.11.2019), training in Entrepreneurship (06-08.12.2019) and training in 3D
scanning and printing (17-19.01.2020).
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Fig. 1. Photos from the training sessions realized in Timisoara

Three-dimensional data capture of objects on the Earth’s surface is an important aspect of surveying
and mapping, geospatial database construction, and 3D digital visualization. Currently, digital data
acquisition is largely applied to 2D spatial databases. In this study, we present a new method that
applies ground based laser scan survey and 3D digital building model construction. Previously, ground
survey of spatial objects was mainly accomplished by a surveying total station. The method is
relatively labour intensive and requires data conversions from analogue to digital to incorporate the
results into a geospatial database [2].

3D scan data is useful in archaeology, paleontology and cultural heritage applications for dimensional
analysis and study, providing a digital archival record, increased access to objects in remote locations,
and to produce replicas useful for public exhibits. There is no way to record a complex object than
with a high resolution 3D scan. The fringe projection method used in white light scanning allows non-
contact digitization of art and sculpture and historical artefacts. Direct comparisons can be made of
dimension and shape. Scanning allows revisitation of any object over time, including redrawing of
cross sections, 3D volume calculations, and other analysis that would otherwise prove to be very
difficult if not impossible [3].

Traditionally, archaeological or architectural information is published in a monograph or book. But
this kind of documentation cannot (or is more difficult to) be distributed economically and does not
adequately depict the complex visual and technical data needed for study [4].

Vectorization is the process of making explicit, information in the raster image, by defining objects
within the image using lines, arcs, closed polygons etc [5]. Vectorization of contours from a scanned
topographical map is a complex procedure, requiring identification of features, rigorous image
classification strategies and manipulation of spatial data structures like direction of line, boundaries
and nodes, polygon vertices chain etc. the automatic extraction of contour lines from a scanned
topographical map and its subsequent vectorization is one of the major research problems in computer
cartography and GIS.
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MATERIAL AND METHODS
Mathematic method

In order to obtain 3D coordinates, we have to transform the coordinates from one system to another
and there must be a connection between ellipsoids’ origins and axes. From this information, the
system origin translation in space X, Y, Z axis followed by rotation around X, Y, Z axis and the scale
factor between the two ellipsoids can be determined. We denote the position vector of a point in space
from the reference coordinate system XLOC and position vector of the same point in the secondary
coordinate system with XGPS. Conform three dimensional transformation is described by the relation:

X 19 = X, +mRX % 1)

I denoted with "m" the scale factor, with X translation vector between the origins of the two systems,
and the "R" rotation matrix which consists of three successive rotations around the coordinate
reference system axes. With the rotation angles ox, ay, a; the rotation matrix has general form:

(2)

cosa, Cosa,  Cosa,sine, +sina,sine, cose, sine,sina, -cosa, sina, cosa,
R=|-cosa,sina, cosa,cosa, -sing,sine, sina, sina, cose, +cosa, sina, sina,
sina, -sina, cosa, cosa, Cosa,

In order to solve the system, equation (1) must be linearized temporary values being needed for the
unknown parameters. In the case of geocentric coordinate transformation into a national system of
coordinates, there are some simplifications and the rotation matrix (2) becomes:

®3)

Where: ex, ey, €z —the rotation angles differential sizes; I - unit matrix; dR - differential matrix.

Also, instead the vector containing the origin translations of the two systems, Xo = (Xo) + dXo can be
introduced, and (Xo) after the provisional values introduction for a single point "mo = 1" and "R0 = I"
becomes: (Xo) = XLOC + XGPS. All this will be introduced in equation (1) resulting the relation:

X10C = (X,) +dX, + (L +dm)(l + dR) X 7S (4)
The Expression: dXo + dm X®PS + dR X®PS — can be represented as a configuration matrix, A, which is
multiplied by the unknowns’ vector, which contains the dx transformation parameters, thus the
equation becoming:

X9 = Adx + X %5 + (X ) )

If there is no information regarding the terms size from provisional values vector for the translations
(Xo), a zero size can be accepted and it results:

AXp ) (AX[OC —AXSPS 100.X,.0-2Z.Y, Xo
AY, AY,*°¢ — AYPS 010Y,.Z,0- X, Y, (6)
AZ, AZOC - AZFS 001.Z,.-Y,X,0 Z,
. |= m
AXy | | AXEOC —AX S | 1100.X,,.0-Z,Y, | | &
AY AYC —AYSPS | 1010Y,,.2,0- X, | | &
AZ, ) \AZ2°° Az | (001.Z,.-Y,X,0) (&
with: m > 3, common points.
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The system solving (6) leads to the seven unknown parameters determination Xo, Yo, Zo, m, €x, €v, €z.
New points coordinate transformation determined only from satellite measurements will be now based
on the seven parameters — Xo, Yo, Zo (three translations), m (scale factor) €x, €y, €z (three rotations)
with the transcalcul relationship from relation (1) [6].

RESULTS AND DISCUSSION

The case study refers to a residential building situated on 1 Decembrie 1918 Street, Timisoara
municipality, an old building considered a historic monument. This building is located in a very
frequented area by the citizens, being located near Balcescu Square and near “Grigore Moisil”
theoretical high school. For this building, the terrestrial scanning operation (Fig. 2) was performed
both before and after its rehabilitation.

Fig. 2. Historical building under stud

y anl

The scanning session lasted approximately 30 minutes, around 6 minutes for each scanning station.
Data collected on field was stored on one of the two external hard-disks in order to be further
processed at the office. Several stages of the 3D modelling process are highlighted:

ELORd~ DEDEUBIEOiir sl Z G =i

Fig. 3. 3D View, Image space and station’s sketch (left image) Temperature filters (right image)

The angle that the plane of the target with the laser beam should be neither not too obtuse or too sharp,
ideally 900, but this is almost impossible for all targets. If registration quality is needed, the .png files
are saved directly into the ".target" folder by the program.

DEN EESNTE NV Ea TR

ELurRds -PENH TIBIRI i Vil
P r ey g ey

ig. 4. 'ﬁi\'/fa"r-\ueii'féldi.s“tration of the targets (left image) Coloured point clouds (right image)
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D model (right image)

In order to realize a complete digital documentation, the cultural heritage building was also scanned
after the rehabilitation works have been effected.

R AUTODESK RECAPPRO Lown = Quinnece- &

CONCLUSION

Comparing laser scanning method with traditional topographic surveys realized by total stations or
with GNSS we can see that the later are much less expensive, offer very high accuracy but their
application time is much higher. On the other hand, although laser scanning is much more expensive,
it adds extra speed and efficiency to the surveying processes. At the same time, the amount of
information received is far greater thus offering varied functionality to laser scanner data. Depending
on the complexity of the work, the need for precision and the funds needed for a specific work, we can
choose one method or another.

From the financial point of view, topographic methods are far cheaper than 3D laser scanning, since
one of the cheapest scanners on the market along with the data processing software can be bought
approximately with € 50,000. Instead, measurements can be made with any total station, or GNSSS
receivers and their costs do not exceed € 10,000.

3D laser scanning technology can acquire 3D point cloud quickly with high accuracy. This meets the
needs of historical architecture surveying and protection. 3D laser scanning technology can replace
traditional measuring methods completely in historical architecture surveying. 3D point cloud can be
gained by laser scanner, then construct the 3D model. In addition, detail structure can be got by close-
range photogrammetry method, which produces the orthoimage and linear drawing [7].

Surveying of Historical architecture based on 3D laser scanning technology can not only reduce field
work, improve efficiency but also provide different kinds of products such as 3D model, CAD
construction drawing and so on. 3D laser scanner is growing towards high speed, high accuracy, large
range and multi-information etc. at present. All these will impulse laser scanning application to
historical architecture surveying and protection.

As regard the IPA project, it gave everyone involved the opportunity to work with educated adults
who very easily mastered the information that was passed on and worked with visible enthusiasm,
eager to improve. Thus, the project created the opportunity for teachers of different nationalities to
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interact and communicate, to exchange information, share ideas, feelings, research results. Moreover,
the project answer to the challenges faced in academia at the moment, namely: the diversification of
the student population and its needs, the rapid expansion of the use of technology, the motivation of
students for learning, the pressure to develop new skills for future graduates, required by employers
and the evolution of society.

The added value of the Cross Border dimension is reflected into the following:

o promoting multidisciplinary teams;

o promoting an integrated program for youngsters: training session, online platform and
activities to support youngster in seeking jobs;

o promoting a favourable climate: emphasising that an environment which promotes innovation
is a crucial requirement in order to attain goals in terms of technology and innovation;

o promoting motivation: increasing the motivation for youngsters and academic employees in
universities and research institutions to enter into self-employment; Increasing the motivation
for young people to develop entrepreneurial abilities and competencies in order to become
independent (to enter into self-employment);

o promoting skills training and qualifications: strengthening knowledge and skills required in
order to set up a business and manage a new company by consolidating the qualifications
gained in schools and promoting further training.
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MANUFACTURE OF THERMAL SOUND INSULATION PANELS
FROM RASPBERRY AND BLACKBERRY CUTTINGS
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University of Kragujevac, Faculty of Technical science in Cacak, Cacak, Serbia
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Abstract: The use of raspberry and blackberry cuttings for the production of thermal insulation boards would
significantly reduce the cost of heating energy and better sound insulation indoors, but would reduce the
emission of CO2 and other harmful gases into the atmosphere, which occur as a result of decay or combustion of
these residues. Combustion or decay of these raw materials has no cost, but after harvesting these products, these
residues must be trimmed and removed. And so every year ... Using defined residues would reduce CO2 and
other emissions by about 30%. The paper presents the results of research on the production of thermosonic
insulation boards from raspberry and blackberry cuttings.

Key words: raspberry and blackberry cuttings, thermal sound insulation boards, production

INTRODUCTION

After picking the fruits, the fruiting branches of raspberries and blackberries are pruned, and these
cuttings are very few or no use at all. After picking raspberries and blackberries, the parent branches
are pruned, and these cuttings have about 10 m® per hectare of raspberries and about 10 m® per hectare
of blackberries.

Thermal sound insulation boards produced from raspberry and blackberry cuttings would be 20 to 40
percent lower than other thermal sound boards (rock wool, styrofoam, etc.). Rational use of raspberry
and blackberry cuttings for the production of: thermal sound insulation boards or other purposes would
significantly increase the technological level in: energy, mechanical engineering, food industry, etc.
Also, the use of these resources would affect the development of underdeveloped regions that can be
achieved through: investment realization, employment of local labor, job creation, improvement of
local infrastructure and revenue generation through various production activities. Fig. 1. Pictures of
raspberry and blackberry cuttings that almost always burn or remain rotten are given [1].

: e RISV 2 ‘.‘.Vl’b"‘ﬁ‘f &L a4 p, ".
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Fig. 1. cuttings: a) raspberries b) blackberries c) burnt cuttings
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PRODUCTION OF THERMAL SOUND INSULATION PANELS FROM RASPBERRY AND
BLACKBERRY CUTTINGS

For the production of thermo sonic insulation boards, it is necessary to prepare cuttings, and for such
cuttings to define the binder, tool, pressure and the period of action of pressure on the tool in which
there will be a compact mass of cuttings with appropriate binder.

After defining the preparatory technologies for raspberry and blackberry cuttings, it is necessary to
define rational technologies for the production of thermal sound insulation boards for various
consumers. To define rational technologies, it is necessary to determine the calibration of cuttings, as
well as the appropriate binders that will connect the cuttings into a monolithic whole with the
appropriate flow and time of action of pressure.

After adjusting the crusher (Figure 2. [2]) for chopping raspberry and blackberry cuttings, they were
chopped when the humidity was around 12%. Humidity was measured with a mobile humidity
measuring device. The humidity measuring device is given in Figure 3. The humidity measuring
device is from the company ELECTRONIC - Fuchtomeser, and can measure humidity 0d 0 to 100%.
The appearance of the crushed cuttings is shown in Figure 4 [4].

-----

Fig. 3. Humidity measuring device

After chopping the cuttings, sieving was started with appropriate sieves. The appearance of the
stretched chopped cuttings, three calibrations, are shown in Fig. 5, 6 and 7.

107



X International Conference Industrial Engineering and Environmental Protection 2020 (11ZS 2020)
October 08-09, 2020, Zrenjanin, Serbia

. ik 1)1 FAdhe A

Fig. 6

Technologies for production and products of raspberry and blackberry cuttings for thermal
sound characteristics

For the production of thermo sonic insulating boards, various experiments were performed with
calibrated cuttings, binders, tools, pressure force and time of force action. In the following text, the
products created as a result of the work on the project "DEVELOPMENT OF TECHNOLOGY FOR
THE PRODUCTION OF THERMAL AND SOUND INSULATION BOARDSFROM RASPBERRY
AND BLACKBERRY RESIDUES", which is financed by the EBRD within the program "Green
Innovation Vouchers". The beneficiary of the results of this project is the company "Drvo-Art" from
Cacak. Fig. 8. shows a product that was produced in a mold of medium granulation, and the binder
was a carbonic resin. Such products can be used in construction where very good sound and heat
insulation performance is required. The sound insulation power is about 20 dB.

Fig. 8. Appearance of raspberry and blackberry cuttings with medium granulation
Fig. 9. shows the product produced from cuttings of various granulations with a binder of carbonide

and natural resin. The shaping tool is specially designed. These products can be used in concert and
cinema halls, but also in other spaces where it is necessary to provide thermal and sound insulation.
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Fig. 9. Appearance of cuttings of various granulations

For the needs of the company "Drvo-Art" from Cacak, a product was produced that can be
installed in doors that are in the production program of this company. By the way, the
company "Drvo-Art" imports responsive thermal sound materials. The use of these products
in the production program of the company would reduce the price of the product by at least
20%. Fig. 10 shows the appearance of products from cuttings of finer granulation, and this
product can be applied in the production program of the company "Drvo-Art" from Cacak.
The sound insulation power is about 12 dB. Fig. 11. shows the appearance of a product of the
same granulation but a different binder.

Fig. 10. Appearance of thermosonic insulation tgoards for the needs of
the company "Drvo-Art" from Cacak.

Fig. 11. Appearance of thermosonic insulation boards for the needs of
the company "Drvo-Art" from Cadak.

The volumes of the plates from Fig. 10. and 11. are from 250 kg / m® to 350 kg / m® depending on the
granulation of the prepackage and the type of binder.
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POSSIBILITIES OF APPLICATION OF THERMAL SOUND INSULATION PANELS FROM
RASPBERRY AND BLACKBERRY CUTTINGS

Introduction

Residential and commercial buildings are one of the largest consumers of energy. Thermal insulation
reduces heat losses in winter, overheating in summer, and protects the load-bearing structure from
external conditions and sudden temperature changes. A thermally insulated building is more
comfortable, with an extended lifespan, contributes to environmental protection and reduces annual
costs for providing thermal comfort. The effect of thermal insulation of buildings depends on the
design, the thickness of the insulation layer and the coefficient of thermal conductivity of the applied
insulation material. Today on the market, the offer of insulation materials is diverse, but the European
market is dominated by conventional insulation materials: mineral wool (glass and stone) and
polystyrene (styrofoam). In recent years, many studies have been done on the irritating toxic, even
carcinogenic effects of rock and glass wool, which is the main reason for looking for alternative "more
environmentally friendly" materials, ie the use of environmentally friendly products for building
insulation. The waste from raspberry and blackberry cuttings is very large, but it is one of the
environmental pollutants when it ends up in landfills or when it burns, so all phases of its
reconstruction in the new product contribute to environmental protection and prevent the loss of
valuable resources. The use of raspberry and blackberry cuttings for thermal sound insulation boards
will have an ecological and economic component. For the rational use of raspberry and blackberry
cuttings for products such as: pellets, briquettes, compost and three-sound insulation boards, the basic
conditions are availability and continuous supply in the required quantity, market situation and interest
in purchasing these products. End users received positive evaluations of the possibilities of production
and use of thermal sound insulation boards from raspberry and blackberry cuttings, which is the basis
for further work in this area, especially in the direction of reducing costs and improving product
characteristics.

Applications of thermal sound insulation panels of raspberry and blackberry cuttings

One of the most interesting applications of thermal sound insulation panels is thermal and sound
insulation of buildings. There are already commercial insulation materials on the market made of
different materials in the form of panels or rolls with different thicknesses, which can be used to
insulate walls, ceilings and roofs. Most of these products are made of styrofoam, rock wool and cotton
fiber-based materials. The design and production of a new product for the insulation of buildings from
raspberry and blackberry cuttings is a complex problem that requires an interdisciplinary approach.
The first condition for its solution, on the one hand, is a detailed knowledge of the structural and
physical characteristics of granules of raspberry and blackberry cuttings and knowledge of the
physical characteristics of classical insulation materials on the other hand. Then the problem of new
product production technology needs to be solved. Prerequisite is knowledge of the mechanism of heat
and sound transfer through products made of them.

Produced thermal insulation boards from raspberry and blackberry cuttings can be 1 cm - 10 cm thick.
They can be applied where there are noise problems: in construction, car industry, white goods
industry, factory halls, to reduce traffic noise and other special demanding needs. Also, these products
can be used for light partition constructions, for the production of prefabricated buildings with
decorative space, etc.

The characteristics of thermal sound insulation boards made of raspberry and blackberry residues are:
thermal conductivity, sound insulation and mechanical load-bearing capacity.

Sound insulation depends on the dynamic stiffness (s' - unit MN / m3) of insulation boards. The lower
the value of dynamic stiffness, the higher the sound insulation power. Good sound insulation materials
have a dynamic stiffness value below 50 MN / m3, especially efficient sound insulation materials
below 20 MN / m3.

The dynamic stiffness of the thermally sound insulation boards from raspberry and blackberry cuttings
is below 25 MN / m3, which ensures a reduction of the impact sound level by a minimum of 20 dB, for
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a board thickness of 10 cm. It can be used for use in sloping roofs as a thermal insulation material that
is placed between and above the horns of the roof structure and as a filling for internal structures. It is
easily installed in ceiling beam systems as a good thermal and sound insulating material.

Thermal insulation boards made of these materials are completely natural, with a low coefficient of
thermal conductivity (lambda) of about 0.5 N / mk. The lifespan of such boards is extremely long,
because its properties are not significantly reduced and it is far longer than other insulating materials,
e.g. styrofoam, glass wool, etc.

Comparative analysis of the characteristics of thermal sound insulation boards made of various
materials

a) The company in Tavnik (near Kraljevo) produces panels of appropriate materials 20 mm thick and
their sound insulation is 43 dB.

b) A 100 mm stone wool panel has a sound insulation of 33 dB.

¢) Highway panels have a sound insulation of 25 dB.

d) Sound insulation of a wall of 270 mm from textile waste has a sound insulation of 52 dB.

Not all products have a linear characteristic of the change in sound insulation.

From this previous analysis, it is important to note that the thermal and sound insulation of a new
insulation product is comparable to commercial products. To compare the obtained values of thermal
insulation of the tested samples, the data from Table 1 will be used [3].

Table 1. Comparison of thermal insulation of a new insulation product
with commercial products.

Insulation product (kg/m3) h (mm) R* (m2/KW)
New product 80 - 100 100 1.5-1.7
Eurothermal insulation | 70-80 70 1.8

According to Table 2, it can be concluded that the new insulation structure of raspberry and
blackberry cuttings has a larger bulk density and slightly less thermal insulation compared to
insulation materials made of Euromaterials at the same thickness.

Sound insulation measurements were performed with the TROTEC SL300 device given in
Fig. 12.

M& F T gAY

Fig. 12. TROTEC SL300

Barriers to production and the benefit of new raspberry and blackberry cuttings are given in Table 2.

111




X International Conference Industrial Engineering and Environmental Protection 2020 (11ZS 2020)
October 08-09, 2020, Zrenjanin, Serbia

Table 2. Barriers in production and benefit of new products from raspberry and blackberry cuttings

Product Barriers Benefit

Filtration systems Only cheaper products are Structures of raspberry and
acceptable blackberry cuttings can be used

Thermal and sound Product granulation Large market size

insulation in the carpentry

industry

Thermal and sound Continuous source of There are no such products on the

insulation of buildings material European markets

CONCLUDING REMARKS

During the production of raspberries and blackberries, very large quantities of cuttings remain every
year, which, among other things, can be used for the production of thermal sound insulation boards.
Although this waste is a valuable resource because it is new, clean, has retained physical and
mechanical properties and does not require any special treatment before production, most of it burns or
remains to rot. Barriers to its use are objective and subjective in nature. Subjective barriers are the lack
of interest of some producers to use cuttings. Objectively, most of the producers of raspberries and
blackberries are small and medium in size with insufficient quantities for rational use due to the
location and the necessary infrastructure.

The technological line for the production of thermal insulation products is quite simple: chopping,
sieving, mixing granules with binders, pouring into molds and pressing compact mass in a defined
time interval. The structure obtained in this way is cheap, it has good thermal and sound insulation.
The coefficient of thermal conductivity A is in the range from 0.05 to 0.06, and thermal insulation from
1.5 to 1.7. The values of these characteristics are comparable with commercial insulation materials,
both with conventional (mineral wool and styrofoam) and with insulation products made of recycled
textiles in the form of fibers.

Slabs with an untreated surface, from the remains of raspberries and blackberries very well absorb
sound. They can be used for interior sound insulation: in classrooms, sports halls, workshops, concert
and cinema halls, studios, etc., and panels with a finer fiber structure can be used, which can also be a
decorative element in the space.

In terms of prices, the prices of thermal sound insulation boards can be at least 20% lower compared
to the products offered on the market made of stone wool and styrofoam.

Bearing in mind that raspberry and blackberry cuttings are used as raw material, which occur
continuously every year, this is not a problem but an excellent opportunity to reduce environmental
pollution and to obtain cheap and environmentally friendly sound and thermal insulation.
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Abstract: A curved pipe bent in the arc of a circle conveying fluid is investigated. The flowing fluid is
considered as a non-compressible and heavy. The considered pipe is assumed hinged at its both ends. The
Generalized Differential Quadrature Method is employed to investigate the dynamic stability of the pipe. The
obtained numerical results show the dependence of the critical fluid velocity on the maximal central angle of the
pipe.

Key words: curved pipe, fluid, circular frequency, flow velocity, GDQM

INTRODUCTION

The interaction of a tube and a fluid flowing in it is the subject of much research. The dynamic
characteristics of the pipe’s oscillations depend on the velocity and the mass of the conveyed fluid.
The research of the dynamic stability of pipes conveying fluid is branched into two directions: a)
dynamic stability of pipes with a rectilinear axis and b) dynamic stability of curved pipes.

Misra A., Paidoussis M. and Van K. consider in [6] curved pipes conveying fluid. The method of finite
elements is used for the solution of the differential equation describing the problem. In [1] Y.Huang et
al. apply the matrix method to study the dynamic stability of curved pipes with a flowing fluid. The
axes of the investigated tubes are arcs of a circle or are represented by segments that are such arcs. F.
Liang et al. in [3] consider the complex mode method for obtaining the in-plane vibration frequency of
a clamped-clamped curved pipe. T. Irie et al. in [2] examine the free in-plane oscillations of beams
bent in the arc of a circle. Timoshenko's theory is applied. The beams have a rectangular or circular
Cross section.

Q. Zhao, Q. and Z. Sun [9] use the Green function method in the investigation of the in-plane forced
vibration of a curved pipe conveying fluid.

The Generalised Differential Quadrature Method (GDQM) is used in [7] from P. Soltani and
M.Saadati to solve the differential equations describing the oscillations of a nanotube delineated by a
curve. This method is widely used in various engineering tasks and gives good convergence at a small
number of characteristic points. In the article the in-plane oscillations of a nanotube with an axis bent
in the arc of a circle and lying on a Winkler elastic foundation are investigated.

In the article [8] with authors F. Tornabene et al. the critical fluid velocity in a rectilinear cantilever
tube is investigated. The GDQM is applied for the solution of the differential equation describing the
oscillations of the pipe. A linear system of algebraic equations is obtained and the corresponding
eigenvalue problem is solved in order to investigate the stability of the pipe.

D. Lolov and S. Lilkova-Markova in [5] investigate the dynamic stability of a single-walled carbon
nanotube with the employment of the GDQM. The tube under investigation is assumed hinged at its
both ends and is embedded in a polymer matrix. The obtained numerical results are for flowing fluids
with different densities. In order to study the effect of the surrounding elastic medium (such as
polymer) on the stability of the pipe the Winkler elastic foundation is introduced. The critical
velocities of each type of fluid are determined for different stiffness of this matrix.

The aim of this paper is to obtain the critical velocity of a fluid flowing in a tube with an axis bent in
the arc of a circle. The investigated pipe is hinged at its both ends. The Generalized Differential
Quadrature Method is applied.
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IN PLANE VIBRATION OF CURVED PIPE CONVEYING FLUID

The present paper investigates the in-plane stability of curved pipes, conveying fluid. The static
scheme of the pipe under consideration is shown in Fig. 1. The pipe is bent in the form of an arc of a
circle with radius R . The material of the pipe is linear elastic with Youngs’s modulus E . The cross-
sectional parameters are area A and axis moment of inertia | . The fluid flowing in the pipe is heavy
and non-compressible.

Fig. 1. Static scheme of the investigated pipe conveying fluid

The differential equations of the free in-plane vibrations of the pipe written about the axes of the
natural coordinate system, shown in [4], are
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where t is the time, U is the displacement on the normal of the curve and w that on the tangent, and
S is the curvilinear abscissa. The mass of the pipe per unit length is denoted by m and the mass of the
fluid per unit length of the pipe by M . V s the flow velocity

For convenient reasons the curvilinear abscissa S in (1) and (2) is expressed by the central angle 4.
The following equations are obtained
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Each function of the displacements w and U is presented as a product of two functions:

w(0,t)=W(0)e®" (5)
u(,t)=u(g)e”! (6)
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where @ is the circular frequency
Then the equations (3) and (4) will be
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New dimensionless parameters are introduced:
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After transformations, the differential equations (7) and (8) take the forms:
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The dimensionless differential governing equations of motion (10) and (11) can be transformed into a
system of algebraic equations by means of the Generalized Differential Quadrature Method (GDQM)
[71, [8]. The basic idea of the method is to approximate a derivative of a function at any discrete point
of a domain as a weighted linear sum of function values at all discrete points, expressing
mathematically as follows.

N 2.0 8¢ o9
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where m is the total number of the sampling points of the chosen grid on the axis of the pipe, ,BiE") is

the weighting coefficient corresponding to the n-th order derivative at point i .
In the present paper the Chebyshev-Gauss-Lobatto point distribution is assumed [8]:

(14)

The weighting coefficients are calculated by means of Lagrange interpolating functions. For the first
derivative, the weighting coefficients are calculated as [8]:
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W(p
ﬁlgl):(el _Lej )(i(l))(ej), |,J =1..m,i# ] (15)
Z,B” , i j=1..,m (16)

j=1, j=i

while for higher order derivatives, ones gets iteratively

(n-1)
B = [ﬂ.. " 'H—] ij=L..mi=jn=2.,(n-1) (17)
& ¢
- Zm:ﬁig”), i,j=1..m; n=2..(m-1) (18)
i1, ji

Where the first derivative of Lagrange interpolating polynomials at each point &, in equation (15) is
defined as

m

LY )= T -&) k=1..m (19)

1=1,1k

The Lagrange interpolating polynomials in conjunction with Chebyshev-Gauss-Lobatto sampling
points of equation (14) ensures convergence, so that the increasing number of sampling points leads to
an error decrease.

Through the GDQM the governing equations (10) and (11) are rewritten in discrete form at the points

i=34,.,(m-1).

(S volo e Sapclo)|{ S el0)-olo) o v S tolo 1 S aelo) -

= = = =

+2vk2Q\/_[JZm:ﬂ 50, )+2(0) |+ 0k4(0,) -0 0

3

5 @ﬂé%(ej )+ 3 a2 )J + (Zﬂé”é(ej > 5900, )J +

i i1 i

+v k2 Q. {qf(e,-)—iﬂiﬁ%(e,ﬂ 0?k%(0,)=0 (21)

=

The boundary conditions for the pipe shown in Fig 1 are:
#(0,)=£(0,)=¢(0,)=£(0,)=0:M(6,)=M(6,)=0 (22)

The differential equation of the elastic line of a beam outlined on a circle is:
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d’u u
M =—El(d % +?j (23)

From (23) the last two boundary conditions in (22) take the form:

d’g0) _d’0) _, (24)
do* |, dé* |,

m

0=06,
Equations (20) u (21), can be rewritten in the following matrix form:
[k28(4) +k2v2B@ 4 2vk ZQ\/EB(l)Jdl + lkZB(3) B0, kzsz(l)J§2 + (szz +1P1q +

+ 2k 20,/ BS,4 =0 (25)
2B —BW s, + [k2B® + BO, +vk?QyB5,, — (%K + Kk’ QB 5,4 =0 (26)

in (25) and (26)

B\ =5\, BY =pY; BY=p" i=34,..,m-1) j=1..,m (27)
&, ={¢(0,)..4(6,)f (28)
51:1 = {¢(‘93 )i---v¢(‘9m—1)}T (29)
&, =16(0,)-.£(0,)f (30)
52(1 = {5(63)""’§(€m—1)}1— (31)

The six boundary conditions (22) are also written in a matrix form.

K, =0 (32)
where
s=1{5, &) (33)
1 0 0 0
0 1 0 0
K, - 0 0 1 0 (34)
0 .. 0 0 1
2 BP0 L0
13(21) ' ,3(2) 0 0

The discrete field (25) and (26) can be combined with the boundary conditions (32) into m algebraic
equations with m unknown nodal displacements as follows

Kb OZm X6 Ole
B,[6+| Ky [y =0 (35)
BZ K2d 52d
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B, = k2B +k*v?8%) + 2vk pBY kB0 - B 1 k%v2BY (36)
B, =[k’B¥ -B" k*B® +BY) (37)

Where B, and B, are (m—3)x2m matrixes.

Kig =[Om-3)6 Q%2 +1) 1 gpms) 2K2QB |(m-3)x(m-3) (38)
Kog = ‘O(m_g)xg kv Q\/ﬁ I(m—3)x(m—3) - (szz + szQ\/E) I(m—3)x(m—3)‘ (39)

where Ky and K,q are (m—3)x2m matrixes

In order to calculate the natural frequencies of the pipe, equation (35) is reorganized of the following
form

o lfa] [ on] g 0
Bdb de §d K 6d
2d
Sy
5. :{%} (41)
#(6,)
#(6,)
5, = #(6,) (42)
&(6,)
£(0,)
£(6,)
1 0 0O 0 0O
0 0 1 0 0 O
K, = 0 0 0 1 0O 43)
0 0 0 0 0 1
B By B 0 00
By BY B 0 0 0
0o .. 0 0 0
0 0 0 0
K- 0 0 0 0 (44)
do 0 0 0 0
) By 0 .. 0
BY . By 0 . O
5b = _Kb_bledgd (45)

Equation (40) represents an eigenvalue problem. For different values of the non-dimensional velocity
Vv are obtained the non-dimensional natural frequencies Q. If ReQQ <0 the system is stable. At
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ReQ =0 the system is at the edge of loss of stability, the corresponding fluid velocity is the critical
fluid velocity.

RESULTS AND DISCUSSION

Numerical studies have been carried out for the fluid flowing pipe in Fig. 1.
The geometric and the material characteristics of the pipes are: the radius R=20 m, the inner and the
outer radii of the cross-section of the pipes are finer= 0,095 m and rouwer = 0,01m, Young’s modulus

E=210 GPa, the density of the material of the pipe p= 7800 kg/m>. The density of the flowing fluid is
p= 1000 kg/m*.

The critical non-dimensional flow velocity V., is obtained for different values of &, . The results
are shown in Fig.2. It is obvious that increasing the 6, lowers the critical fluid velocity v, .

v A

. I

AN

O
0 Ornes [ °]
30 60 90 120 180

Fig. 2. Dependence of the critical non-dimensional fluid velocity on 6,
CONCLUSION

The employed GDQ method in the paper allows relatively easy determination of the first natural
frequencies of the in- plane vibrations of pipes with axes bent in the arc of circle and with flowing
fluid. The method could be competitive with other established approaches for investigating the
dynamic stability of the pipes conveying fluid like the Matrix method.

The results show the dependence of the critical non-dimensional fluid velocity of the system on 6,y -
Increasing the 6, leads to decrease in the critical velocity.
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Abstract: The basic characteristics of the hammer mill crusher as well as the analysis of technological
parameters during its operation are presented in the paper. The capacity of the hammer mill crusher was
analyzed. The granulometric composition of the coal at the inlet of the grinding plant was determined, as well as
the granulometric composition of the coal at the outlet of the grinding plant, which is represented by appropriate
diagrams.
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INTRODUCTION

Modern methods of ore exploitation on surface mines from economical standpoint, but also from the
safety standpoint demand top quality equipment for corresponding technological processes in
production. The technological processes for refining the ore into the final product and the rectification
for further molding and application for other technological processes, involve the use of crushers of
various sizes, types and shapes, depending on the material being processed and the shapes and sizes
we want to produce [1, 2].0ne of the segments of the industry where crushers find their use is the
process of coal processing, primarily for the needs of electricity production in thermal power plants, as
well as for the needs of other industries, i.e. consumer goods. The use of crushers in this process
allows the production of crushed coal of a certain size, or granulometric composition, which is
determined by the requirements of the technological process in thermal power plants [3, 4].

MATERIAL AND METHODS

Technical characteristics of hammer mill crusher Global production of biodiesel

A hammer mill crusher with rollers is an impact crusher with hammers in which the delivered material
is repeatedly beaten by hammer on the rotor, which spins very quickly, and is placed between two

groups of rollers. Repeated rejection of the material on the moving rollers gives the required
granulation and thus shreds the material through the outlet [1, 4, 5].

Fig. 1. Hammer mill Crusher (Exterior and section)

The workspace consists of a rotor, a group of rollers and a crusher box.
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The size of the crusher is determined by the diameter of the rotor with straightened hammers and by
the width of the workspace.

Hammer crushers are of nominal capacity 1350 t/h with electric motor power 1000 kW and at rpm
n=593 min (angular hammer velocity is about 49 m / s). The total number of hammers on the crusher
(Fig. 2) isin 8 rows, 8 x 13 = 104 pieces.

Hammer crusher is used for grinding material with high contents of clay. The use of these devices
enables grinding of coal, lignite, limestone from loam, raw kaolin, clay gypsum, bauxite, bricks and
ceramic materials. KDV crushers are used for grinding coal and lignite with moisture content up to
50%, adhesive material and clay up to 25%, crude kaolin with moisture content up to 25%, clay
gypsum with moisture content up to 18%, as well as bauxite, bricks and raw ceramic material strength
up to 14 MPa. KDV crushers cover a wide range of capacities. They can be mounted on steel and
semi-movable structures. They can also be mounted on a common frame and flexible stand, as part of
the assembly. The most common application of hammer crushers is in energetics, ceramics and cement
production plants [2, 6, 7].

Hammer mill Crusher Construction

The crusher consists of a lower part of the crate which is welded and reinforced from the inside. The
bearing house is placed on the cantilever brackets, with a double row oscillating roller bearing and a
grease injection device is mounted. A rotor shaft is installed through the bearings and housings. A
rotor flywheel is mounted on its lofty end. A lower roller is mounted on either side of the rotor in the
crate. The rotor consists of welded plates through which a shaft passes through which are hammered
with spacer tubes.

The main working element of the crusher is the rotor, which rotates at high velocity while grabbing the
material and grinding it with hammers (Fig. 3.). Rotor consists of welded round plates on which the
hammers are slid on with distant pipes, through which the shaft passes. The total number of hammers
on the crusher in 13 rows of plates of 8 pieces is 104 pieces. The diameter of the rotor is 1600 mm,
while the width of the useful part of the rotor is 2200 mm. The rotor rotates at 600 revolutions per
minute and is powered by a 1000 kW electric motor.

HEEEEEL A
i

Fig. 3. Crushers rotor with hammers
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The size of crushed coal depends on the degree of wear-out of the hammer, although this dependency
can’t be seen clearly from the result of granulometric composition analysis. Uneven wear-out of the
hammer along the width of the shaft and inability of adequate adjustment of the clearance between
hammer and lower bumper has a bigger impact on the size of crushed coal [1, 2, 8].

The following picture (Fig. 4.) shows the uneven wear-out of the hammers and their length in
millimeters, on some of the crusher shafts.

Fig. 4. Uneven wear-out of the hammer along the axis or width of the rotor
RESULTS AND DISCUSSION
Determination of the hammer mill crusher capacity

The capacity of impact crushers depends on a great extent on the characteristics of the raw material
than is the case with other types of crushers. The capacity depends on the size of the rotor (diameter
and length) and the number of rotations of the rotor, the number and weight of the hammer, the
crumbling of the raw material, the moisture and clay content and the degree of grinding.

The capacity of hammer crushers can only be calculated approximately. The recommendations of the
manufactureris often adopted because they are considered reliable in the matter of capacity. For
calculation of hammer crusher capacity, the following form is recommended [6]:

Q- 0-3\/- P [t/h] 1)

Where:

Q —Crusher capacity [t/h]

P —Electric motor power [kKW]

W —Specific energy consumption for grinding [kWh/t]

Specific energy consumptionis determined by the Fred Bond equation:

W = ._.ﬂ_ﬂj KWh/ 2
KW,(\/B\/E[ t] )

Where:

K —Grinding coefficient (For medium grinding 1, for fine grinding 1, 4);

Wi— Bonds work index [KW h/t], characteristic material constant obtained experimentally;

D - The size of the square mesh opening through which 80% of the crushed product passes [um];

F - The size of the square opening of the sieve through which 80% of the feedstock passes [um];

For the calculation of the Fred Bond form, the following values have been adopted (projected capacity

of field fields "Field G" and "Dark West Field", a total of 12 million tons of coal per year):
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K =1 for medium grinding;

Wi = 14,3 [KW h/t] — Bondswork indexof grindingfor coal

Pso = 25 000 [um] — adopted;

Fgo =200 000 [um] — adopted.

According to the adopted values, the following specific energy consumption per ton of coal is obtained:
W= 0,584 kWh/t

Using the empirical formula, the power of an impact crusher electric motor can be calculated:
P=015-D?-L-n kW] (3)
Where:

D — rotor diameter [m];

L - rotor length [m];

n - o/min, number of rotor revolutions [min].

P =6,92 kW

For the installed power of a 1000 kW hammer crusher electric motor, the following capacity is
obtained:
Q=1 369,6 t/h

The obtained value is in accordance with the declared capacity of the manufacturer of this crusher of
1350 t / h, noting that this value changes in real conditions of operation of the device due to any
change in the granulometric composition of the inserted coal.

The degree of grinding in impact crushers in practice is rarely greater than 10, and in exceptional cases
may reach a value of 40.

Determination of the granulometric composition of grinded coal

The figures below (Fig.5., Fig.6.) show the graphical granulometric composition of the coal at the inlet
of the crusher and at the exit of the crusher, according to the values of P and F shown in the
calculation of the capacity of the crusher, and the cumulative curves of reflections of coal in the
diagrams are made according to the tables of the granulometric composition.

Table 1. Granulometric composition of the trench coal in the plant - entrance into the crusher

Size of sieve M% XM% | EM% 1
openings, mm

800 0 0 100
-800+500 5 5 100
-500+200 15 20 95
-200+100 20 40 80
-100+30 40 80 60
-30+0 20 100 20

Sum 100
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Fig. 5. Granulometric composition of coal at the inlet of a crushing plant, Fso =200 000 um

The conmlative proportion of reflections,

Table 2. Granulometric composition of trench coal in the plant — output of the crusher

Size of the sieve [M% EM% | EM% 1
openings, mm
100 0 0 100
-100+60 5 5 100
-60+25 15 20 95
-25+10 30 50 80
-10+5 20 70 50
-5+0 30 100 30
Sum 100
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Fig.6. Granulometric composition of coal at the outlet of the crushing plant, cumulative reflection
curve, P80 =25 000 um

CONCLUSION

Coal crushing is a daily technological operation that is present in almost all coal mines. The task is to
ensure the size of the pieces according to market requirements (thermal power plants, heating plants,
consumer goods ...).

Hammer crusher with rollers type KDV 1137, in the process of grinding lignite, is one of the most
optimal technical solutions for realization of technological scheme of coal processing, considering its
technological capabilities. The hammer crusher during lignite processing enables its crushing
according to the requirements of users of the crushed coal, e.g., thermal power plants, with different
structure of granulometric composition, which in today's business conditions is a very important factor
for profitability and the success of operations of coal processing plants. This type of crusher directly
drives the working element (hammer rotor) in contact with the material, which, due to its high velocity
and rotation mode, creates large centrifugal force acting in a vertical direction. As for the wear-out of
the parts that come in contact with the material (hammer), their durability is acceptable, not only
because of the use of the proper material, but also because of the possibility that they will be rotated
and used on the other side after the wear-out of one side. Changing the variant of work, i.e., changing
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the size of the gap between the working elements of the hammer crusher in grinding coal, is a
relatively simple and quick procedure, taking into account its technical and structural characteristics,
which also enables successful optimization of the grinding process.
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Abstract: The aim of this paper is to contribute to the setting of an information model for the development of
smart villages in the Republic of Croatia with special reference to villages in five counties of Eastern Croatia. It
considers (a) EU rural development policies (2014-2020), as well as broadband networks in EU countries,
especially in the new EU Member States, and (b) the concept and policies applied in these sectors in the
Republic of Croatia, especially within the Slavonia program. The results of the project "Slavonian Network -
Development of Broadband Access in Eastern Croatia” are presented. The "Slavonian Network" project was
launched in 2012, and the Panon Institute for Strategic Studies proposed (in published papers from 2013 to 2017)
broadband development models with intensive involvement of local communities in terms of social and
economic development of Slavonia. Based on the results of these analyzes, the concept of the information
system "Slavonian smart and networked village™" was proposed.
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INTRODUCTION

The Common Agricultural Policy (CAP) since the founding of the EEC and the Treaties of Rome (in
1957) has been one of the most important areas of activity of the institutions of the European Union,
and rural development has subsequently been designated as the second pillar of the CAP. The
objectives of this policy are: to promote the competitiveness of agriculture, to ensure the sustainable
management of natural resources and climate change, and to achieve balanced territorial development
in rural areas, including job creation and conservation. A new approach to rural development - dubbed
'smart villages' - appears in the Communication from the European Commission (EC) on the future of
food and agriculture in November 2017 [1] with all elements of economic policy - from technology,
communications, demographics, information systems and public relations to ecology and climate
change. For complex consider of this topic more space/pages are needed to than is available here -
therefore, the following considerations will only outline important factors - with reference to published
papers explaining the details.

SMART VILLAGES AND EU RURAL DEVELOPMENT POLICY
CAP implementation for the period 2014 - 2020

The basic regulations of the new CAP were published in December 2013. Subsequently, the EC
drafted the delegated and implementing acts that were necessary to introduce the envisaged measures.
During 2014, Member States had to make key decisions in view of the diversity of the way the new
direct payments system is implemented and the space available for manoeuvre. All but one Member
State (Germany) made use of the option of coupled payments at very different rates: eight decided to
apply a redistribution of payments, while 15 Member States applied the small farmer’s regime. When
it came to green payment, five Member States gave farmers the opportunity to fulfil some of their
obligations by applying the same practice. In addition, the choice of areas of ecological importance
varies greatly within the EU. In addition, 15 countries have transferred amounts between the two
pillars: for the whole period, the net amount of transfer between the two pillars, i.e. from the first pillar
to the second, was approximately four billion €. For the second pillar, between December 2014 and
December 2015, the EC approved all 118 rural development programs developed by 28 Member
States. Twenty Member States have decided to implement only one national program and eight have
opted for more than one program - in order to better take into account geographical or administrative
structures. [2] Rural EU policy, now as a Smart Village macro project, covers almost all elements of
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economic policy - from technology, communications, demographics, information systems and public
relations to ecology and climate change — so far more space/pages are required to consider this topic
than is available here. Therefore, the following considerations will only outline important factors -
with reference to published papers explaining the details.

In April 2017, the EC unveiled initiative for developing smart villages in the EU with the aim of
achieving synergies with traditional agriculture, the Internet, local wireless networks and innovation,
and through smart specialization to enable the development of new business models. The initiative
also seeks to counteract negative demographic trends in rural areas. Public policies such as circular
economy, energy union and digital economy need to achieve a EU energy transition to a low carbon
society at reasonable cost to economy and greater citizen involvement in decision-making process in
order to maximize social profit. Public sector policy-making requires coordination and collaboration
of multiple sectors such as energy, transport, agriculture, economy and spatial planning. Development
strategies, as a key document with policy objectives, must contain action plans for each sector in order
to optimally achieve the policy objectives adopted. Action plans should take into account regional and
local specificities, strengthen the planning, financing and implementation of activities, and encourage
involvement in EU initiatives such as the Smart Villages [3].

The Smart Villages concept has brought renewed attention to the development needs and natural
potential of rural areas and to a much greater focus on empowering communities at the local level for
rural areas to survive and thrive in the coming decades. But at the same time, it signalled the need to
strengthen the processes in which local communities take an active role in shaping their own futures.
The EU Smart Village Initiative seeks to achieve the synergy of traditional agriculture, the Internet,
local wireless networks and innovation, and through smart specialization, enable the development of
new business models. The initiative also seeks to counteract negative demographic trends in rural
areas. The initiative came to life with the adoption of the EU Action Plan for EC Smart Villages,
defined as rural communities based on existing strengths, available resources and the development of
new opportunities, i.e. communities where traditional and new networks and services are enhanced by
digital and telecommunications technologies, innovation and better use of knowledge. The pilot
project "Smart Villages" is being implemented in nine countries of the EU, including Slovenia, which
carries out activities in the three municipalities. "Smart villages are about different policies working
together to find better, smarter ways to promote holistic rural development. It is about using existing
and new technologies and social innovation to add value to the lives of our citizens. It's about giving
the village the tools to meet their own challenges, and at the same time contributing to the greater
challenges facing society as a whole." [3] Therefore, concept of smart villages is one of solutions to
prevent its dying out. Croatia is only just beginning in the concept of Smart villages, and the Croatian
village is, more than ever, affected by emigration and depopulation today [4-14].

The definition of smart villages

Smart Villages are communities in rural areas that use innovative solutions to improve their resilience,
building on local strengths and opportunities. They rely on a participatory approach to develop and
implement their strategy to improve their economic, social and/or environmental conditions, in
particular by mobilising solutions offered by digital technologies. Smart Villages benefit from
cooperation and alliances with other communities and actors in rural and urban areas. The initiation
and the implementation of Smart Village strategies may build on existing initiatives and can be funded
by a variety of public and private sources [15].

European Network for Rural Development

The European Rural Development Network has been engaged in a ‘smart village' for the third year,
focusing on the production of materials that help interested rural stakeholders. Management structures
should make materials the most of in rural areas. The aim of developing these materials is to support
the concept of 'Smart Village' in the current programming period and in future Common Agronomic
Policies. The "smart village" advice on this network recommended that Member States take the
following steps when designing support for smart villages in the future CAP [3]:

1. Recognize the needs of rural communities that smart villages can address;
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2. Map the existing policy support framework to identify opportunities and disadvantages;

3. Develop a targeted package of interventions that will provide rural communities with an initial idea
for change to its sustainable scope.

It is useful to point out here that the scope of planned support for a 'smart village' in Finland is very
broad and inclusive - to reflect the very diverse needs of villages in different parts of the country; there
is no intention to develop a general national strategy. The aim is to be able to respond quickly and
flexibly to the needs expressed by local communities in the following fields [16]:

» Economic investments and actions for business development of new value chains and local economic
clusters (agricultural and non-agricultural) based on local assets and (potential) areas of comparative
advantage (bio economy, smart tourism destinations, etc.), smart transport and logistics solutions,
smart local services and service chains and smart food chains, digitization and collaboration between
businesses.

* Connectivity (broadband) and different models for businesses (for example, social entrepreneurship).
* Social innovation to ensure sustainable and good quality social and cultural services. Also, investing
in skills for the future, supporting urban-rural connectivity and sustainable well-being: preventing
segregation and inequality among people, improved integration of immigrants, a sense of community,
living conditions, culture, security, improving rural knowledge as well as access to "hidden" rural
knowledge community.

» Environment - innovation to improve resources creates efficiency, create local energy communities,
reduce carbon footprint, and improve biodiversity, both protecting and valorising environmental
assets. Encouraging municipal authorities, business representatives, local people, research institutes
and experts to work together to design and adapt new cost-effective emission reduction solutions,
especially in the context of transport and mobility, housing and food. Low carbon villages: a circular
economy, sustainable food production and local food.

RURAL DEVELOPMENT AND SMART VILLAGES IN THE REPUBLIC OF CROATIA

The concept of 'Smart village' is a new opportunity for Croatia to change its current direction and way
of implementing agricultural policy, i.e. - rural development, by incorporating modern technological
trends of internet technologies, energy efficiency, ecological agriculture (green economy), rural
tourism, etc. into rural areas. This is fully in line with the priority areas set in the National
Development Strategy 2030 [17,18]. In this way (by applying the concept of 'smart village') it can
more effectively influence the trend of emigration from rural areas and encourage the arrival of young
people into the country-side, that is, stimulate a balanced regional development using their potentials
better and launching their (joint) development projects themselves. It is important here - as Euro-
advocate Davor Skrlec points out - “that the concept is recognized by the executive in defining the next
operational program in national legislation, but the involvement of regional and local authorities is
also required. This should remove local obstacles and encourage the development of projects. The
concept of smart villages must be among the major initiatives in the next programming period for the
modernization and demographic renewal of our rural areas."[19] One of the basic infrastructure
platforms for realizing the concept of 'smart villages' is broadband access - fibber networks for high-
speed Internet. Therefore, in order to consider the possibility of implementing this concept of rural
development in Slavonia and Baranja, it is important to point out the state of play in this sector - that
is, to point out experiences in implementing the project "Slavonian Network™.

""Slavonian Network" - a broadband project

Following adoption of the Broadband Development Strategy in the Republic of Croatia from 2012 to
2015, the Faculty of Electrical Engineering in Osijek (ETF), in February 2012, in cooperation with
Croatian Network Agency (HAKOM), organized conference entitled "Development of telecommu-
nications infrastructure — strengthening competitiveness and effective local self-government
investment” which was also attended by the leaders of many municipalities, cities and five counties of
the Slavonia-Baranja (SB) region. At the end of that year, the ETF launched project "Development of
a Broadband Approach in the Five Counties of Slavonia and Baranja" [20-25]; (Fig. 1 and 2)
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Interdisciplinary project team of ‘Slavonian Network’ - composed of doctors, masters and graduated
engineers of telecommunications, informatics and accounting, geodesy, economics, sociology and law
from ETF and Panon Institute for Strategic Studies, Osijek and companies Geoprem doo Osijek and
"Sokol" d.o.0. Vinkovci - created concept of the ‘Slavonian Network’ project and began to research
and develop individual modules of this project. The project "Slavonian Network" (total amount of €
21.5 million) received three positive reviews from the Ministry, and by publishing papers at scientific
conferences and journals, team members tested hypotheses and/or promoted the project. In this way,
an effort was also made to carry out part of the mobilization and training preparations for involvement
of other experts and LSGs from the region in its implementation. Results of one of the first studies
(2012) on structure of costs in construction of municipal infrastructure (water supply, sewage, public
lighting, hot water pipeline) and public infrastructure (electrical underground network, gas pipeline)
were published in the Proceedings of the conference GAS 2013. [23]; the share of earth-works
(construction) costs in the construction of fibber optic infrastructure is around 70%, and conclusion of
the study - that an integrated approach can achieve a significant reduction in investment costs for
construction of broadband infrastructure - is a proposal aimed at accelerating the realization of the
"Slavonian network" and reducing costs; It is necessary to install plastic pipes at every construction
(and before the start of construction within the framework of the "Slavonian Network™) at each
construction of the local public infrastructure.

Construction of Distribution of 3 \4
ECI network broadbasd services ~ AR
- b VP2 v 2
PSZ
N\ AR ) vs2
Project :
SLAVONIAN
NETWORK
:r:n:':muibnd lmmndhlnl::
application
Fig. 1. "Slavonian Network™ project [23] Fig. 2. Area of “Slavonian Network [22]

However, this proposal - as well as several other organizational models (establishment of consortia,
model of 'easement of rights' for electronic communications structure, model of concentration of
available financial resources at the county level, and others) - unfortunately did not come to
finalization - because in 2014 the project was transferred to level of the University, and all authors of
the "Slavonian Network" project were excluded from further work on the project, and new team in the
next five years did not realize the earlier proposals and are not initiate others models for
implementation. He thus infamously finished the project, which was ranked 11" among the five
hundred applications submitted to the Ministry's competition, and was the only broadband project and
the only one covering more than one county (Fig. 2). Finally - it should be emphasized that the
existing broadband network in the five counties of the Slavonian region is not adequate for the needs
of contemporary development, neither in capacity nor in speed; for the most part, this is based on
copper conductors or over the air network - making it difficult to access high-speed Internet, especially
when multiple users are involved at the same time. This means that for the development of ‘smart
villages' it is necessary to speed up the construction of a broadband network and make up for the lost
seven years.

Social cohesion and knowledge society a prerequisite for smart village’s development
Experience from realization of this project has been discussed in several papers by Slavonian Network

project team, from which it is important to state important issue of social cohesion - which is,
otherwise, crucial for implementation of infrastructure project [26] - as the show Fig. 3 and Fig. 4.
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In addition to the above - for the implementation of the concept of 'smart villages', the issue of
understanding and application of the concept of 'Knowledge society' in Croatia is also important - on
which concept EU projects are based. The know-ledge society (Fig. 5.) is not yet a governing concept
in Croatia and especially not in the element of 'lifelong learning', but also because of the fact that the
practice is prevalent in which politicians of the 'general direction' make decisions often without
effective public consultation, and without consulting independent experts.

Information
society

Knowledge
economy

KNOWLEDGE
SOCIETY

Lifelong

Network
society

learning

Fig. 5. Elements of the Knowledge society concept [27]
INFORMATION SYSTEM FOR DEVELOPMENT OF SMART VILLAGES

Information system includes people, data, processes and information technology, which are together in

the function of collecting and processing the data on the basis of which information is stored.

Information can thus also be viewed as the output of an information system, since it is created to

support the work of the organization. [28] [29] Each information system consists of:

* Hardware - the physical part of the information system (computers, modems, network equipment ...);

« Software - an invisible part of the information system in the form of software solutions, algorithms
that drive hardware;

» Life ware - all those who use the information system;

« Data ware - the way and methods of organizing databases and data warehouses;

* Net ware - communication and networking solutions that bring all the elements together;

« Org ware - organizational procedures and methods for connecting all the above elements into one.

Today are in use:

» Classic or transactional information systems,
+ Decision support systems,

* Expert systems,

» Communication and collaboration systems.
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Decision support systems and communication and collaboration systems are important for our
consideration.

An insight into the existing supply of structured knowledge and the broadcasting of important
information in areas relevant to 'smart villages' shows that there are hundreds of information systems
that produce the necessary information for use in the development of local 'smart village' projects. For
example, at the national level, authorities issue daily important information on rural development
(from the Ministry of Agriculture, Ministry of Regional Development, Ministry of Finance and other
ministries and several national agencies), as well as regional (and local) institutions and EU
institutions and/or networks. In this innumerable amount of information, local stakeholders of 'smart
village' will not be able to read or read all that information daily, let alone act on it. Therefore, when
designing implementation of 'smart village' concept and structural modelled of implementation units
should be undertaken, as well as the identification of information needs and the construction of an
appropriate information system.

a) Smart Village implementation unit

Each village has its own specificities - natural resources, tradition and human capital, and ‘smart
village' development programs will be developed on these bases. This means that each village will
have its own development program. However, many villages in the regional structure, by territorial
and geographical features, will have a number of common elements on which to build their
development programs. Therefore, it is advisable to propose the creation of so-called smart village
concept implementation units - Fig. 6. - within which there would be one expert team for all villages in
one implementation unit, in which, besides local experts (agronomists, etc.), there would be associate
experts from surrounding cities (from related companies, associations, chambers, etc.) to ensure that
all relevant areas of development are represented by a professional team structure.

Broadcasters of information and knowledge

EU National Commerce Regional Science and
institutions Ministries Chambers | | government technology
| PUBLIC PLACE |
TEEAXI\'; EiL EXPERT

TEAM "D-F"

/

N\

Village

Village

A

B

o«

N\,

Village

D

Village
ngn

Village Village

F

SMART VILLAGE CONCEPT
IMPLEMENTATION UNITS

SMART VILLAGE CONCEPT
IMPLEMENTATION UNITS

Fig. 6. Model of receiving, selecting and sharing information/knowledge through
units for implementation of the smart village concept

b) Identifying information needs

The said expert team should determine the information needs (area, frequency, manner of distribution
and distribution) of its design and establishment of programs and methods of work - which should be
documented in a separate act.

¢) Building an appropriate information system

IT literacy of the average expert (of any profile) in Croatia is today at a reasonably satisfactory level
so that building or setting up an information system that would suit the needs of the expert team in
each implementation unit of the 'smart village' would not be a particular problem - especially if a staff
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member from a local software company involved in the process. After setting up the information flows
set out in a separate act, the choice of hardware would be started - which should also not be a problem
since the current supply of computer equipment in us is satisfactory. Software is also required to
complete the 'smart village' implementation information system. It should be noted here that there are
a number of ready-made applications (programs) on the Internet and networking applications that can
be used for free (or at a small fee) - so it is not necessary to create special computer programs for this
purpose. The education (training) of all stakeholders in the 'smart village' to use the selected program
is also important element for the well-functioning information system of each unit implementation and
each individual 'smart village'.

d) Public relations policy

At the end of these considerations, it is important to emphasize the need for transparency of the whole
process and the importance of involving all stakeholders (experts, local government bodies and every
household) in the implementation of this development project. That is why it is necessary to have a
well-established and developed public relations model from the first step of setting up and
implementing the 'smart village' concept. [30] This is important not only because of the mobilization
of all stakeholders in the smart village on a joint development project - in order to optimally set up and
implement the project, but it is also important in order to prevent potential corruption — it is also
important to prevent potential corruption - which is not unknown in our region; even more - it
domesticated.

CONCLUDING REMARKS

The EU's Common Agricultural Policy, and rural development as its second pillar, have been given a
new dimension of action through the concept of 'smart villages'; In April 2017, the European
Commission launched an initiative to develop "smart villages™ in the EU with the aim of achieving
synergies with traditional agriculture, the Internet, local wireless networks and innovation, and
through smart specialization, enable the development of new business models.

- The Smart Villages pilot project is being implemented in nine EU countries - including Slovenia, but
the Republic of Croatia is not included.

- The Croatian village is more than ever affected by emigration. Therefore, the concept of smart
villages is one solution to prevent its dying out. The concept of 'smart village' is a new opportunity
for Croatia to change its current direction and way of implementing agricultural policy, i.e. - rural
development, by incorporating modern technological trends of internet technologies, energy
efficiency, ecological agriculture (green economy), rural tourism, etc. into rural areas. . This is fully
in line with the priority areas set out in the 2030 National Development Strategy.

- One of the cornerstones of successful implementation of the 'smart village' concept is the availability
of broadband access. Although the Faculty of Electrical Engineering in Osijek initiated the project
"Broadband Development in the Five Counties of Slavonia and Baranja" at the end of 2012, to date,
this network in the five counties of the Slavonian region is not adequate either in capacity or in
speed. This means that for the development of 'smart villages', it is necessary to speed up the
construction of broadband and make up for the lost seven years.

- In addition to the above - for the implementation of the concept of 'smart village', the issue of
understanding and applying the concept of 'Knowledge Society' in Croatia is also important - on
which concept EU projects are based. Knowledge society is not yet a governing concept in our
country, especially not in the element of 'lifelong learning’, but also due to the fact that the practice is
prevalent in which politicians of the 'general direction' make decisions, often without consulting
independent experts.

After a framework analysis of the situation in the Slavonian region, a model of the so-called

implementation unit of the “smart village” concept was proposed and basic frameworks for building

(setting up) the “smart village” information system were proposed. In order for the whole process of

setting up and implementing the concept of a smart village to be efficiently and quality implemented,

it is important that the first step is to cultivate an objective public relation.
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Abstract: The subject of this paper is the application of organic and microbiological fertilizers in the process of
raising raspberries. Based on the conducted research, it can be concluded that the application of calcification on
acidic soils, as well as the application of composted manure with microbial fertilizers, is obligatory when raising
raspberry plantations as well as in plantations.

Key words: Organo-mineral and microbial fertilizers, Raising raspberries fuel

INTRODUCTION

The study of the influence of various organic and microbiological fertilizers on some agrochemical
indicators of soil fertility, as well as the size of some biological criteria, was carried out in the process
of raising raspberry planting on the test surface of "Mondi Lamex" doo Vrdila, KO Stupeviéi,
Municipality of Arilje. The trial was set on April 24, 2018 on an alluvial soil type.

The main object of the study was to determine the content of mineral nitrogen at the end of the
vegetation, into a bank between rows outside the raspberry root zone, as well as within the raspberry
root zone [1, 2]. The basic hypothesis from which we started is that the application of different
organic, organo-mineral (burnt manure, italpolline and guanito) and microbial fertilizers based on
effective microorganisms (EM OGROD, EM Naturalnie aktywny and EM bio) in the process of
raising raspberry planting will show different influence on increase of mineral nitrogen content by
raspberry growers. On the basis of preliminary research results, it can be concluded that the results of
mineral nitrogen content in soil are a reliable indicator for the recommendation of fertilizer
application, provided that certain prerequisites must be respected. Refer to the application of
composted manure as well as the application of fertilizers which, in the rainy season, exert an
influence on soil moisture retention and in the dry season they "retain" accumulated moisture (Organic
soil cultivator "agro coal").

In this case, the average soil samples should be taken at the end of the vegetation, in the dry season
and from the area of the plant root system. By creating preconditions related to the application of
different organic, organo-mineral and microbiological fertilizers, in a certain period of the year, we
can obtain reliable agrochemical indicators for determining the type and amount of fertilizer applied in
the cultivation of different agricultural crops. This means that the data from laboratory analyses must
be consistent with the conclusions of field experiments, which relate to different phenological
observations and the magnitude of certain biological criteria. If the plant is highly responsive to
applied organic and microbiological fertilizers, laboratory analysis data of average soil samples taken
from the root zone at the end of the dry season must show low mineral nitrogen content in the soil, and
vice versa, laboratory analysis data of average soil samples taken from the bank between rows and in
the spread zone. The roots of plants without the use of organic and microbiological fertilizers must
show a high content of mineral nitrogen. It is logical that this principle should apply not only to the
content of mineral nitrogen in the soil, but also all other nutrients used by the root system of plants
from the soil on which organic, organo-mineral and microbiological fertilizers were applied. The
subject of these tests in 2018 included the impact of varying planting distances of frigo seedlings in
line with the application of manure, organo-mineral and microbial fertilizers on the content of mineral
nitrogen in the soil in the root zone. The basic hypothesis, we sent was that the planting distance of 40
cm frigo seedlings in a row, with two to three formed shoots of one frigo seedlings, with the use of
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manure, organo-mineral and microbiological fertilizers in the year of planting, will have a positive
influence on the height and the thickness of the growers, the plant's resistance to disease and stubble,
that is, in the years of raspberry fertility, on the yield and quality of the fruits, as well as on the basic
economic indicators - labor productivity, profitability and economy of raspberry production [3].

THE EXPERIMENT

Immediately before the opening of the furrows, we performed surface preparation of the land. The
inter-row distance was 3 meters and, depending on the previously set plan of the experiment, the
planting distance of the frigo seedlings in the row was 25 cm, 33 cm and 40 cm. 300 kg/ha of calcium
carbonate were introduced and mixed into the open furrows. Before planting, the root of the frigo
seedlings was immersed in 10% solution of EM OGROD [4].

Variants in the experiment:

1. Control, to the bank between the ranks.

2. Without fertilizer application, in the root zone.

3. Organo-mineral fertilizer italpollin 4: 4: 4 applied in the open furrows and in such widths 0.75 m

on both sides of the row in the amount of application of 1600 kg/ha and guanito 6: 15: 3 in the

amount of application of 800 kg/ha . Planting spacing of 33 cm.

Variant No.3. + EM Naturalnie aktywny, 10% solution.

Variant No.3. + EM bio, 10% solution.

Variant No.3. + Variant No.4. + Version

Pre-composted manure on the disposal pile with EM Naturalnie aktywny in the amount of 2 liters

per 1 ton was introduced into the open furrows and strips of 0.75 m on both sides of the row. about

80 tons. Prior to planting frigo seedlings, composted manure with EM Naturalnie aktywny, 10%

solution. Planting distance of frigo seedlings in a row 40 cm.

8. Organo-mineral fertilizer italpollin 4: 4: 4 applied at 1600 kg / ha and guanito 6: 15: 3 applied in
the open furrows and in strips of 0.75 m width on both sides of the row. 800 kg/ha. With microbial
fertilizer EM Naturalnie aktywny, 10% solution, excellent treatment of italpolline and guanite in
open furrow and in strips on both sides of the row. Planting distance of 40 cm.

No ok

| Fig. 1. F;réparaiidn of the land

Immediately after planting the frigo seedlings, the plants were watered daily, and later periodically in
the extremely dry period of the year, which lasted about 40 days, with a total rainfall of only 9 mm. up
to 36 degrees, which is unusual for the end of April and May. The application of microbiological
fertilizers EM Naturalnie aktywny and EM Bio influenced the increased mineralization of organo-
mineral fertilizers, which was manifested by acidification of the soil in the area of raspberry root,
necrotation of root hairs, and thus slow growth, accompanied by pale green leaves on frigo seedlings.
These symptoms were particularly noticeable on variants no. 3, No. 4, No. 5, No. 6 and No. 8. The
most noticeable symptoms manifested through the stunting of plants are registered on variant no. 6
with application of EM Naturalnie aktywny and EM Bio. With the onset of the vinegar period for
about two months, the observed symptoms on raspberry owners gradually waned; the leaves received
an intense green color, with raspberry owners still lagging behind the variants without the use of
italpolline and guanitis in open furrows. In 2018, in the broad agricultural practice, the same
occurrence of chlorosis on the list was registered in the crop plantations fertilized at the end of March
with a single application of nitrogen through the application of complex fertilizers NPK 16: 16:16 and
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others. Based on these physiological observations, it can be concluded that the use of organo -mineral
fertilizers in furrows should be excluded in raising long-standing plantations, and in wide agricultural
practice, as soon as possible, the introduction of complex NPK fertilizers with more phosphorus and
potassium should be performed, and then supplemented fertilization of agricultural crops with the
required concentrations [5, 6].

At the beginning of the third decade of September, which corresponded to the end of the dry period
(September 21, 2018), we took average soil samples for basic agrochemical analyses. Soil samples
were taken at a depth of 0 - 25 cm in the bank between rows and on all variants in the experiment in
the area of raspberry root at a distance of about 50 cm from the planted seedlings.

- Fig.2. P anted figo sedling

Table 1. Sample description
Lab. Designation Depth (cm)

0 0-25
0-1 in the root zone 0-25
0-25
0-25
0-25
0-25
0-25
0-25

O N WIN|F-
0N BWIN

Test results of soil samples Z-294/18

Table 2. Partial acidity — pH in 1 M KCI and active acidity — pH in the water

Lab. No. | pH
In KCI In H20

1 5.39 6.25
2 5.53 6.29
3 6.22 7.02
4 5.03 6.02
5 4.87 5.87
6 5.15 6.20
7 4.38 5.61
8 4.33 5.45
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Table 3. Mineral nitrogen content (N min)

Sample Lab. no. % moisture kgN/ha abs. dry
description

0 1 2.73 51.02
0-1inthe 2 2.69 35.39
root zone

2 3 2.73 32.06
3 4 2.65 20.61
4 5 2.75 18.96
9) 6 2.71 27.32
7 7 2.71 20.63
8 8 2.63 23.67

Table 4. The results of the influence of manure, organo-mineral and microbiological fertilizers on
some agrochemical indicators of soil fertility

The Lab. | Depth pH pH in pHin | Moisture | kg N
variant Variant No. | (cm) H20- KCI % ha
number KCI | H20 | pH in abs.
KCI dry
1. Control (@) - 1 0-25 [5.39|6.25 | 0.86 2.73 51.02
into a bank
between rows
2. Without 2 0-25 [ 553]6.29 | 0.76 Var.2- | 2.69 35.39
fertilization, in Var.1
the root zone 014
3. Italpollina+ 3 0-25 (6.22|7.02 | 0.80 Var.3- | 273 32.06
Guanito Var.2
0.69
4, Italpollina+ 4 0-25 |5.03|6.02 | 0.99 Var.3- | 2.65 20.61
Guanito+EM Var.4
Naturalnie 1.19
aktywny, in the
root zone
5. Variant no. 5 0-25 |4.87|5.87 | 1.00 Var.3- | 2.75 18.98
3.+EM bio Var.5
1.35
6. Variantno. 3.+ |6 0-25|5.15(6.20 | 1.05 Var.3- |2.71 27.32
variant no. 4.+ Var.6
Variant no. 5 1.07
7. Manure + EM 7 0-25 (438|561 |1.23 Var.2- |2.71 20.63
Naturalnie Var.7
aktywny (40 0.70
cm in a row)
8. Variant no. 3+ 8 0-25 1433|546 |1.13 Var.3- | 2.63 23.67
EM Naturalnie Var.8
aktywny (40 1.89
cm in a row)

On variant 2. The 2 pH value in KCI was 5.53. The highest pH value of the soil obtained on variant
no. 3 with the use of italpolline and guanite was 6.22. With the application of microbiological
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fertilizers EM Naturalnie aktiwny and EM bio (Variant No. 4, No. 5, No. 6, No. 7 and No. 8), the soil
acidity in the raspberry root zone increased. The greatest increase in soil acidity was achieved on
variant no. 7 (pH KCI 4.38) and variant No.8 (pH KCI 4.33). Increasing the value of the difference
between pH in H20 and pH in KCI on variants using microbial fertilizers, compared to variant 3,
without the application of these fertilizers, can be related to the influence of EM Naturalnie aktywny
and EM Bio on the degradation of soil organic matter as well as organic matter from manure and
organo-mineral fertilizers.

The high mineral nitrogen content in the soil was registered in the bank between the rows, outside the
area of the raspberry root, and amounted to 51.02 kg/ha (variant No. 1). In the raspberry root zone,
without fertilizer application, the mineral nitrogen content was 35.39 kg / ha (variant No.2). The
highest moisture content in the air-dry samples was on the fertilizer variant italpollin + guanito + EM
and was 2.75%. On the same fertilization variant, the content of mineral nitrogen in the soil was 18.98
kg / ha, which can be related to the influence of the applied organo - mineral fertilizers and
microbiological fertilizer EM on the maximum increase in the amount of mineral nitrogen by
raspberry owners. It is important to emphasize here the basic feature of italpolline and guanite to
gradually release mineral nitrogen from the organic form, with minimal leaching of nitric nitrogen into
deeper soil horizons. On variant 6, a slightly higher mineral nitrogen content of 27.32 kg / ha was
registered compared to variant No.4 No.5 No.7 and No.8 resulting from the toxic effects of EM
Naturalnie aktywny and EM Bio, applied with italpolline and guanite in open furrows before planting
raspberries. The content of mineral nitrogen in the application of organo-mineral fertilizers and
microbiological fertilizer EM Naturalnie aktywny amounted to 20.61 kg / ha (Option No. 4), which is
in comparison with the content of mineral nitrogen with the application of organo-mineral fertilizers
(Option No. 3). less by 11.45 kg / ha. Based on these results, it can be concluded that the use of
microbial fertilizer EM Naturalnie aktywny had an effect on the increase in the amount of mineral
nitrogen by raspberry growers. When using composted manure with EM Naturalnie aktywny in the
process of extraction from the barn as well as its subsequent surface composting (Variant No. 7), the
mineral nitrogen content was 20.63 kg/ha.

Quantitative indicators of the basic biological criteria of raspberry plants will be subsequently
registered after the placement of the backrest for the planting system for raising the plantation, that is,
after the end of the linking and pruning of lasers in the first year of raspberry genus [7].

CONCLUSION

Based on the conducted research, it can be concluded that the application of calcification on acid soils,
as well as the application of composted manure with microbiological fertilizers, is obligatory when
raising raspberry plantations as well as in plantations. The use of microbial fertilizers has the effect of
increasing the utilization of organo - mineral fertilizers by plants. In relation to the amount of
application of it alpolline and guanite, it is determined by the manufacturers of these fertilizers and
their application should be adhered to within the given limits. In addition to basic chemical analyzes of
soils necessary for determining the type and amount of fertilizer application, the obtained results of
mineral nitrogen content in the soil indicate the necessity of applying manure, organo - mineral and
microbiological fertilizers as the ultimate link in the system of increasing the reliability of data
processing of the obtained results. The application of manure, organo-mineral and microbiological
fertilizers, as well as the application of different planting distances of frigo seedlings in a row, exert a
different influence on the quantitative characteristics of the height and thickness of raspberry growers,
their uniformity in relation to the growth of plants and the number of mature seedlings formed from
buds on root roots. The values of these biological standards represent the final stage of the tests
conducted and they should relate the results obtained with the new method of application of fertilizers
for raising raspberry plantings, in plantations and in other crops.
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Abstract: On the path to efficient and sustainable global energy consumption, waste heat recovery plays a vital
role. In Austria, one of the sectors generating waste heat is the production of residential heating and hot water. For
this purpose, nearly 30% of the total Austrian end-use energy demand is being consumed in water boiler systems
with a combustion chamber, most of it in the form of fossil or biogenic fuels. This work investigates a possible
use of thermoelectric (TE) generators to recover the waste heat produced in such systems. In this regard, a
MATLAB Simulink model based on two Bismuth-Telluride thermoelectric generators is developed. The proposed
configuration is a cascade setup with one generator (TEGW) attached to the external wall of the combustion
chamber (temperature ~ 350°C) and the second one (TEGH) installed on the output water circuit (temperature
50°C+130°C), both of them being cooled by the feedwater (temperature 10°C+20°C). The calculation model is
optimized using experimental methods. The combustion chamber is replicated with the help of a 5-mm-thick steel
plate attached to a 1500W electric cooking plate. The performance of three different Bismuth-Telluride TE
generators is investigated, calculating the effective temperature on their sides. The losses caused by the improper
thermic contact between surfaces are assessed and applied to the model in form of a correction factor. The electrical
power output of the cascade system, as resulting from the calculation, is 9.32W, out of which TEGW produces
8.45W and TEGH produces 0.87W. Although the output of the proposed configuration is 10% higher than the one
of a single module, it is not high enough to justify the additional costs and technical effort.

Key words: Seebeck, waste heat, water boiler, energy harvesting, MATLAB simulation

INTRODUCTION

Higher heating and cooling needs have determined an increase of the global energy consumption in 2018
at a rate that is nearly double the average rate of growth since 2010. Even though the share of renewables
in the energy mix had a substantial growth, the demand for fossil fuels increased, while the progress in
the field of energy efficiency stagnated or evolved at a slower pace [1]. One of the main priorities on
the global path to decarbonization and energy efficiency improvement is to harvest and use the waste
heat [2].

Waste heat is generated in several branches of the economy. While in the power generation sector the
resulting residual heat is used in cogeneration plants for centralized heating, rather considerable amounts
are produced during the industrial processes. In Austria, the industrial sector consumes almost 30% of
the end use energy [3] out of which up to 60% - 70% is lost in form of waste heat [4]. Another third of
the end energy consumption is used for residential heating and hot water provision with more than two-
thirds of it being produced in boiler systems with a combustion chamber powered by fossil or biogenic
fuels [3]. This process is associated with greenhouse gasses emission and generation of residual heat.
In order to improve the efficiency of these systems, part of the waste heat which is contained in the flue
gas can be recovered using economizers, plate heat exchangers or waste heat boilers [5]. Nevertheless,
a significant amount of energy is lost through the radiation and convection that appear on the external
surfaces of the combustion chamber [6]. Considering the high temperatures that are associated with this
process, we can safely assume that this wasted energy can be recovered using thermoelectric (TE)
generators.

Although most of the TE generators available on the market have low efficiency, they have several other
advantages that would make them ideal to be used in water boiler systems with a combustion chamber.
Besides transforming directly, the thermal energy in electrical energy, they have no moving parts and
no working fluids inside, which gives them a longer lifespan especially when working with constant
heat sources. Furthermore, they have no scale effect, a fact that allows them to be used in very limited
spaces (for example inside smaller domestic water boiler systems) [7].
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The working principle of water boilers with a combustion chamber consists in using the heat produced
during the fuel burning process to warm up a transportation medium. In the water tube boilers, the water
is circulated through tubes surrounded by the product of the combustion (fire and hot gas). They have
generally large capacities and are frequently used in power stations [8]. The shell tube boilers operate
by circulating the fire and hot gas mixture through long steel tubes that are surrounded by water. Most
of them have a reversal chamber to guide the heating medium from the furnace to the pass, which has a
temperature of 350°C on its outer wall [9]. The radiant heat occurring on the exterior of the chamber or
on the outer wall of the combustion chamber can be harvested using TE generators. The cooling can be
ensured using the feedwater. The temperature of the flue gas in the boiler’s exhaust chimney is 200°C
and the temperature of the output water-steam mixture can increase to 140°C; therefore, using a TE
generator to harvest the waste or radiant heat would be appropriate. Domestic water boilers are generally
reduced in size and produce water at a temperature of 90°C. Their combustion chamber has, in most
cases, a volume smaller than 0.5m3 [10]. In spite of this compact construction, it would still be possible
to install a TE generator on the outer surface of the combustion chamber.

The primary objective of this work is to investigate what amount of electrical energy can be generated
using two Bismuth-Telluride TE generators in a cascade installation setup to harvest the waste heat in a
water boiler system with a combustion chamber. The maximum electric power output is calculated with
help of a MATLAB Simulink model, which is optimized using data obtained through experimental
means.

The first part of the paper is dedicated to the calculation model that is used by the simulation. The
existing studies on thermoelectricity and TE generator applications are reviewed, and a MATLAB
Simulink model to evaluate the electrical power output based on the calculation of the effective
temperature difference on the sides of the two TE modules is developed. The installation and functioning
of TEGW is replicated experimentally. After determining the influence of thermal contact between
surfaces on the electrical power output of the module, a correction factor for thermal contact is applied
to the model used in the simulation. The electrical power output of the system is calculated using the
optimized simulation.

REVIEW OF EXISTING TE GENERATOR APPLICATIONS
TE generator modelling

A thermoelectric generator consists of a certain number of thermocouples that are connected electrically
in series and thermally in parallel and which use the Seebeck effect to transform the temperature
difference on the sides of their thermocouples into electrical power [11].

Although there are several classes of materials like chalcogenides, silicides, skutterudites, Zintls,
clathrates, Heusler, oxides, organics and composites that can be used for the construction of TE
generators and that respond to the challenges of sustainable exploitation [12], the Bismuth-Telluride
modules have the most convenient price and the widest spread on the market. They have working
temperatures of 200°C to 260°C continuously and 380°C intermittently [13]. For the above-named
reasons, they were chosen for the purpose of this work.

The TE generator can be modelled by studying its one-dimensional thermoelectric model under constant
heat transfer [14] or by using the finite volume method applied to the equations of the thermoelectricity
[15]. In some cases [16, 17, 18] Simulink models of the TE generators at their maximum power point
(MPP) have been developed. Some of them [17] include the influence of the thermal resistance of the
materials used in the TE generator, while other ones focus on tracking the point of MPP [18]. It was
observed that the chosen thermoelectric material has a considerable impact on the performance of the
TE generators, with the Bismuth Telluride modules having higher output power [19]. The applied
temperature, heat rate and the thermal cycling influence, as well, the generator’s performance. Faster

heating times and thermal cycling increase the module’s internal resistance and reduce the figure of
merit [20].
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TE generators in heat recovery

The use of TE generators for recovering waste heat has been the object of numerous studies.
Experiments or simulations where the source of heat was the flue gas of stoves or the radiant heat of the
combustion chambers have been extensively conducted and presented.

Champier et al. [21] and Tabakovic [22] studied the implementation of TE generators in multifunction
biomass stoves and the optimization of their performance. The initial configuration delivered 7.6W of
electrical power [21], while the optimized one managed to increase the output to 8.4W. The main factors
that influenced the system’s performance were the thermal insulation, uniform pressure on the module
and the position of the flame used as heat source [22].

Sornek et al. [23] have investigated the power output of three TE generators installed on a typical wood-
fired stove, two of them on the burning chamber’s external surface and the third one on the flue gas
channel. None of the three modules produced more than 41.7% of their nominal power, the identified
causes being the non-homogeneous distribution of temperature on the generator’s surface, the design of
the flue gas channel, and the lower than expected temperature of the burning chamber’s external wall.
Shen et al. [24] proposed a cascaded installation setup. Using three TE generators with different working
temperatures, installed on a system with burning chamber, they obtained a maximal electrical power
output of 283 W and an efficiency 5.92 % higher than the one of a single generator.

These results indicate that a cascade installation on a water boiler system with a combustion chamber is
worthy of investigation.

SIMULATION OF THE CASCADE SYSTEM

A MATLAB Simulink model has been developed to investigate the performance of two Bismuth-
Telluride TE generators installed in a water boiler system with combustion chamber. The proposed
cascade configuration consists in one TE module (TEGW) that is attached to the external wall of the
burning chamber and is cooled by the feedwater, and a second one (TEGH), which is installed between
two heat exchangers (water cooling blocks) connected to the output and feed water systems. The values
used for the temperatures of the feed and output water and of the burning chamber’s wall, were
determined, after studying the existing technical literature, to be: Twan = 125+350°C; Tteedwater = 1°C;
Touwater = 50+130°C. The modules used to build the simulation are TEG2-40-40-19/200 produced by
EURECA Messtechnik GmbH.

Mathematical model
As highlighted in literature, the effective temperature difference on the thermocouples of the TE

generator is affected by the thermal resistance of the elements (ceramic wafers, soldering) placed
between the heat source and the thermocouple.

Combustion Chamber

Theaduater

Fig. 1. TEGW module (left) and its thermal resistance model (right)
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Fig. 1 presents the installation of TEGW (left) and its corresponding 1-D thermal resistance model
(right). The relationship between AT and the temperature applied to the system ATsyst = Twail - Treedwater
can be determined by writing the energy conservation equations. Cheng [14] has established that the
effective temperature difference AT is influenced by the thermal resistances Rip, Rinc and by the internal
electrical resistance R. For TEGW at the maximum power point (MPP) this can be calculated as:

ATsystt

Rth, T 1 + Rth,hT d t (1)
1+ Rth,ckth + Rth,hkth +oc2 ( ¢ wa >R feedwa er)

AT =

The thermal resistances Rmp and Rinc are calculated using the thermal conductivities of the ceramic
wafers Aceram (25W/m K), of the soldering Asoider, OF the heatsink Asinc and of the water cooler Acooter (all Of
them made out of aluminium with A4 = 237W/m K) with the below equations:

Lsink leer Lsol
J thh AsinkS Acerams Asolders (2)

lsol lcer lcool

Ripe = t
k th.e Asolders Aceram's Acooler's

where lcer (Imm) and lsor (0.7mm) represent the thickness of the ceramic and of the soldering layers, lsin
(10mm)is the height of the heat sink, lc.oi (5mm)is the distance between the exterior surface of the cooler
and the inner channels and S (1600mm?) is the surface of the transfer area.

The Seebeck coefficient a, inner resistance R and thermal conductivity ki were calculated according to
the manufacturer’s instructions using approximated values for Tc and Tn. The approximation for Ty has
been determined experimentally, analysing the loss of temperature from the heat source to the upper
surface of the heat sink. Using MATLAB interpolation, the following 4™ degree polynomial function
was determined:

loss(x) = (-1.0439e-10)x*+(8.5851-08)x3+(-2.8168e-05)x?+0.0040039x+0.083299

where:
X=Twan and Th=Twan (1-10ss(X)).

The correction factor used to approximate the value of T. was determined as well experimentally,
analysing the gain of temperature between the feedwater temperature Treawater and the temperature of the
outer side of the block cooler through which this is circulated. The dependence is linear in this case and
can be written as:

Tc = 1.53 - Treedwater

A similar model was used to calculate the effective temperature difference for TEGH. Same as above,
approximated values are used for T and Th. The drop of temperature between the produced hot water
and the outer surface of the heat exchanger was aproximated using the following 2" degree polynomial
function:

loss(x) = (-7.3696e-05)x>+0.0071351x-0.028488

where:
X=Toutwater aNd Th=Toutwater (1-10S(X)).

For T, the same correction factor as for TEGW has been used.

Using the calculated effective A7 and the internal electrical resistance R provided by the manufacturer,
the open circuit voltage Vo, matched load current I, matched load output voltage Vieg and matched load
maximum power Wnax are calculated using the following equations:
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Voe = a - AT (3)
[ = aAT @
_ feary:
aAT
max — 4R (5)
Vieg = IR (6)

For all the above calculations, it is considered that the TE generator works at its MPP and consequently
the load resistance R matches the internal electrical resistance R. The maximum efficiency of the power
generation is:

B AT(\/ZT‘+ 1- 1)

Nmax = = (7)
T JIT A 14T,
where the figure of merit Z is calculated as:
7=2 ®)
" Rk

MATLAB Simulink model

The simulation was developed to operate in two modes: continuous and discrete. In the discrete mode,
the user can set the temperatures of the outside wall of the burning chamber, the feed water and the
output water. In the continuous mode, the user can set only the temperature for the feed water
temperature, while the simulation will generate the all other ones. The total output electrical power is
calculated algebraically by adding directly the values obtained from each module without taking into
consideration the corresponding electrical circuit to connect the two modules and the power losses that
might occur.

Cascade system electrical power output

First, the results of the simulation model were verified against the data provided by the manufacturer.
Using the simulation in discrete mode for the following values: Twan = 240°C, Treedwater = 20°C and Toutwater
= 130°C, it was calculated that the effective temperature difference for the TEGW module is 201.7°C,
while the one for the TEGH module is 102.3°C. The open circuit voltage of TEGW was calculated to
be 10.28V, while the one given in the datasheet is 10.28V. The calculated matched load current was
2.55A, while the one in the datasheet is 7.0A. Consequently, the calculated maximum power (13.12W)
was lower than the one of the manufacturer (19W). A possible cause for this is that the information in
the datasheet is provided for a given temperature difference without specifying the values of T and Te.
Using a series of computations in which 47 was kept constant at 200°C, and T and T, temperatures
have been increased, it has been observed what was pointed out in the datasheet, namely that the
electrical power output decreases with the increase of the mean temperature.

Considering the temperatures specific to a boiler system with a combustion chamber (Twan = 350°C,
Treedwater = 20°C and Toumater = 90°C), it was calculated that the electrical power output of the two TE
generators in cascade setup is 23.52W, with TEGW producing 21.75W and TEGH 1.77W. This
represents an increase of 8.4% compared to the output of a single TE generator.

EXPERIMENT RESULTS AND MODEL OPTIMIZATION
An experiment was carried out to assess the performance of the TE modules in conditions similar to the

ones encountered in a water boiler system. The temperature of the combustion chamber’s wall was
simulated using a cooking plate with the nominal power of 1500W as heat source and a 5-mm thick steel
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plate. For cold and hot water routing, a system of copper pipes, rubber hoses and stainless-steel valves

has been used. Both cold and hot water were supplied on continuous flow from a tap. The heat transfer

from and to the TE modules was done using three aluminium blocks of appropriate size. Two types of

insulating material have been used: HeatStop Insulation tape (3mm thick, 50mm wide and effective for

temperatures up to 1000°C) and Lih Feng Jiing industrial-grade fibreglass insulation mat (10mm thick

maximum working temperature 650°C). The module’s electrical wires have been protected using 0.5mm

fibreglass silicone insulating sleeving, while all the other parts and components of the system that were

exposed to heat were protected using Heat Shield Wrap Tape.

The performance of three TE modules has been investigated:

e Thermonamic TELBP1-12656-0.45 - Lead Tin Tellurium and Bismuth Tellurium module with a
maximum matched load power of 21.7W and a maximum working temperature of 360°C;

o Eureka TEG2-40-40-19/200 - Bismuth Telluride module with a maximum matched load power of
19W and a maximum working temperature of 200°C;

o SP184827145 SA - Bismuth Telluride module with an estimated output power of 3.6W and a
maximum working temperature of 150°C.

The TELBP1-12656-0.45 was the first tested module. Three testing configurations have been

investigated: at first using HeatStop insulation tape and no thermal grease, then using fibreglass

insulation and no thermal grease and finally using with fibreglass insulation and thermal grease.

It has been observed that that the fibreglass mat provided a better insulation due to its continuous

structure. For lower temperature differences, the values of the output voltage in the three tries were quite

close to the each other and they corresponded to the ones in the datasheet, but with the increase of the

temperature, they deviated in a considerable degree, being lower than expected. It was observed as well

that for the same effective temperature difference, the voltage in the warmup phase was superior to the

one in the cooling down phase.

The second tested module was TEG2-40-40-19/200. This has been tested using fibreglass mat as

insulation and without thermal grease. The measured open circuit voltage is presented in Fig. 2 (left).

TEG2 Open Circuit Voltage TEG2 Open Circuit Voltage - Corrected

8

Measured Voc Measured Voc
7 Voc manufacturer i Voc manufacturer

«
T

Voltage [V]
S
Voltage [V]
w
N

o] 50 100 150 200 0 20 40 60 80 100 120
Temperature difference [°C] Temperature difference [°C]

Fig. 2. TEG2 — open circuit voltage for Xcontact=0 (left) and Xcontact=0.27 (right)

It can be observed that the measured voltage was lower than the simulated one (manufacturer) and the
deviation increased with the temperature difference. As highlighted by several TE module
manufacturers [25], the voltage loss can be caused by the imperfect contact between surfaces. Therefore,
it has become necessary to amend the calculation model to include the thermal resistance generated by
the contact surface. This has been added as the factor Xcontact/AalS t0 both Rinn and Rinc calculated in
equation 2, where Xcontact is @ dimensionless correction factor for thermal contact, which was determined
using the experimental data. For this testing configuration, Xcontact has been determined to be 0.27. The
measured open circuit voltage and the recalculated effective temperature difference are displayed in Fig.
2 right.

The influence of the thermal contact has been noticed as well while testing the third TE module, SP
18482715 SA. On the first try, after applying the above-determined thermal correction factor Xcontact =
0.27, it was observed that the values of the measured open circuit voltage corresponded to the ones
provided by the manufacturer. A second try was carried out using thermal grease. Without applying the
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thermal contact factor, the measured open circuit voltage was closer to the one provided by the
manufacturer (Fig. 3). The correction factor for thermal contact could consequently be reduced to 0.1.
The simulation has been optimized systematic using the determined thermal contact correction factors.
It can be considered that for Xcontact=0.27, the calculated electrical power output is the minimum that a
cascade system could generate, while the maximum possible output is generated when Xcontact=0. During
the experiment, once thermal grease has been used on both sides of the TE module, the correction factor
was reduced to 0.1.

10 SP184827145 Open Circuit Voltage

——=— Measured Voc
Corrected Voc
Voc manufacturer

Voltage [V]
(4]

0

0 50 100 150 200
Temperature difference [°C]

Fig. 3. SP184827145- open circuit voltage for Xcontact=0.1

A comparison between the calculated electrical power outputs of the proposed cascade system in these
three cases is presented in Table 1.

Table 1. Comparison electrical power output ideal case vs. optimization

Ideal 1% Optimization | 2" Optimization

Thermal correction factor 0.0 0.27 0.1
Cascade system electrical power output 23.52W 3.52W 9.32W
TEGW electrical power output 21.75W 3.14W 8.45W
TEGW contribution to total output 92.5% 89.2% 90.7%
TEGH electrical power output 1.77TW 0.38W 0.87W
TEGH contribution to total output 7.5% 10.8% 9.3%
Electrical power gain vs. single TEG 8.1% 12.1% 10.3%

The electrical power output has been measured only for the SP 18482715 SA module, since this had the
highest open circuit voltage output on the previous test. This has been done by measuring the current
and voltage in the electrical circuit presented in Fig. 4 (left). The maximum measured electrical power
was 6.91W and was generated at an effective temperature difference of 4T=185°C (Fig. 4 right).
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Fig. 4. SP184827145- electric circuit to measure voltge and current (left) and measured output power
(right)

CONCLUSIONS

The maximum electrical energy that can be recovered from the waste heat of a water boiler system with
combustion chamber has been investigated. For this purpose, a MATLAB Simulink model has been
developed and was optimized using experimental data. The proposed system was a cascade installation
of two Bismuth-Telluride TE modules (TEGW and TEGH).

In the ideal case, the maximum electric power output has been calculated to be 23.52W. It was
established experimentally using an equivalent testing rig that the power output is strongly influenced
by the quality of the thermic contact between surfaces. The calculation model has been optimized to
include a correction factor for the thermal contact. When no special measures to improve the heat
transmission were implemented, this factor has been determined to be 0.27. The calculated electrical
power of the system in this case (3.52W) is the minimum that the cascade system could generate and
represents 15% of the maximum calculated power. If the thermic contact is improved using thermal
grease, the correction factor reduces to 0.1 and the calculated electrical power output is 9.32W, which
represents 39.6% of the maximum one. It has been determined as well that in any of the considered
conditions, the contribution of the TEGH to the total electrical power output is less than 10.8%, most of
the electrical power being produced by TEGW. This is caused by the low temperature difference
between feed water and output water and as well by the optimal working temperature difference of the
chosen Bismuth-Telluride modules (A7~ 150°C + 200°C).

Improvement of the thermal contact through control of the clamping force and consequently
optimization of the calculation model should be considered by future studies. At the same time, a
repositioning of TEGH in the system (for example in the gas exhaust system) might improve the total
output.

Considering all the above, it can be concluded that while waste heat recovery using thermoelectric
generators is appealing as method, the proposed cascade configuration does not bring too much in terms
of electrical power gain compared to a single TE module and might be challenging to implement.
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Abstract: Over the past four decades, the energy industry has experienced significant changes in resource
availability, petro-politics, and technological advancements dictated by the changing quality of refinery
feedstock. However, the dependence to fossil fuels as primary energy source has remained unchanged.
Advancements made in exploration, production, and refining technologies allow utilization of resources that
might have been considered unsuitable in the middle decades of the 20th Century.

As the 21st Century opened, the refining industry entered a significant transition period and the continued
reassessment by various governments, and the various levels of government, of oil importing policies and oil
exporting policies. Therefore, it is not surprising that refinery operations have evolved to include a range of next-
generation processes as the demand for transportation fuels and fuel oil has shown a steady growth. A major
challenge is the feedstock composition because of the high content of heteroatoms (sulfur, nitrogen, oxygen) and
heavy metals (particularly nickel and vanadium) and the high propensity for coke formation which is
accompanied by a decrease in the yield of distillates.

In addition, the evolution of refinery processing to the use of alternate (non-fossil fuel) feedstocks is also
presented in anticipation of domestic and industrial waste into the refinery for blending into conventional (fossil
fuel) feedstocks or for separate processing. Many refineries may have already begun such planning by
incorporating a gasifier on the refinery site. This will lead to the production of gaseous products, especially
synthesis gas — a mixture of carbon monoxide and hydrogen — that can, through the Fisher-Tropsch process, give
rise to a variety of products.

By understanding the evolutionary changes that have occurred to date, coupled with a presentation of possible
future scenarios, this presentation will satisfy the needs of engineers and scientists at all levels from academia to
the refinery and help in understanding the refining and prepare for the new changes and evolution of the
industry.

Key words: Refinery configuration, biorefinery, gasification refinery, Fischer-Tropsch synthesis, alternate
feedstocks, reconfigured refinery

INTRODUCTION

To meet the challenges from the changing tends in current feedstocks into a refinery to changes in the
feedstock composition and also to changes in the product slate, the refinery will adapt to produce the
ultimate amounts liquid fuels from the feedstock and maintain emissions within environmental
compliance [1, 2, 3]. A major trend in the refining industry market demand for refined products will be
in synthesizing fuels from simple basic reactants (such as synthesis gas) when it becomes
uneconomical to produce super clean transportation fuels through conventional refining processes.
Fischer-Tropsch plants together with IGCC systems will be integrated with or even into refineries,
which will offer the advantage of high quality products [4].

This paper presents suggestions and opinions of the means by which refinery processes will evolve
during the next three-to-five decades. Material relevant to (i) comparisons of current conventional
feedstocks with viscous feedstocks and bio-feedstocks, (ii) the evolution of refineries since the 1950s,
(iii) the properties and refinability of viscous feedstocks and bio-feedstocks, (iv) the choice between
thermal processes and hydroprocesses, and (v) the evolution of products to match the environmental
market.

REFINERY CONFIGURATION
Refineries need to be constantly adapted and upgraded to remain viable and responsive to ever
changing patterns of crude supply and product market demands. As a result, refineries have been

introducing increasingly complex and expensive processes to gain higher yields of lower boiling
products from the higher boiling fractions and residua [5, 6].
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Finally, the yields and quality of refined crude oil products produced by any given oil refinery depends
on the mixture of crude oil used as feedstock and the configuration of the refinery facilities.
Light/sweet crude oil is generally more expensive and has inherent great yields of higher value low
boiling products such naphtha, gasoline, jet fuel, kerosene, and diesel fuel. Viscous sour (high sulfur)
feedstocks are generally less expensive and produces greater yields of lower value higher boiling
products that must be converted into lower boiling products.

Crude Oil Refinery

A crude oil refinery is an industrial processing plant that is collection of integrated process units
(Figure 1). The crude oil feedstock is typically a blend of two or more crude oils, often with viscous
feedstocks blended in compatible amounts. With the depletion of known crude oil reserves, refining
companies are having to seek crude oil in places other than the usual sources of supply.
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Fig. 1. General Layout of a Modern Refinery.

The definition of refinery feedstocks is often confusing and variable and has been made even
confusing by the introduction of other terms that add little, if anything to crude oil definitions and
terminology [3, 5, 6]. The configuration of refineries may vary from refinery to refinery. Some
refineries may be more oriented toward the production of gasoline (large reforming and/or catalytic
cracking) whereas the configuration of other refineries may be more oriented towards the production
of middle distillates such as jet fuel, and gas oil.

Changes in the characteristics of conventional crude oil can be exogenously specified and will trigger
changes in refinery configurations and corresponding investments. The future crude slate is expected
to consist of larger fractions of both heavier, sourer crudes and extra-light inputs, such as natural gas
liquids (NGLs). There will also be a shift towards bitumen, such as the Venezuelan extra heavy crude
oil and the bitumen from the Canadian tar sands. These changes will require investment in upgrading,
either at field level to process difficult-to-transport heavy crude oil, extra heavy crude oil, tar sand
bitumen, either at a field site or at a remote refinery [3, 5, 6, 7].
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Biorefinery

A biorefinery is a facility that integrates biomass conversion processes and equipment to
produce fuels, power, and chemicals from biomass. The biorefinery concept is analogous to
the crude oil refinery, which produce multiple fuels and products from crude oil [5, 6]. In
fact, there is a renewed interest in the utilization of plant based matter (biomass) as a raw
material feedstock for the chemicals industry [8, 9, 10, 11].

Plants offer a unique and diverse feedstock for chemicals. Plant biomass can be gasified to
produce synthesis gas; a basic chemical feedstock and also a source of hydrogen for a future
hydrogen economy [12]. In addition, the specific components of plants such as carbohydrates,
vegetable oils, plant fiber and complex organic molecules known as primary and secondary
metabolites can be utilized to produce a range of valuable monomers, chemical intermediates,
pharmaceuticals and materials. More generally, biomass feedstocks are recognized by the
specific plant content of the feedstock or the manner in which the feedstock is produced [3].
The simplest, cheapest and most common method of obtaining energy from biomass is direct
combustion. In fact, the combustion process results in some form of organic residue after
their primary use has been fulfilled. These organic residues can be used for energy
production through direct combustion or biochemical conversion.

In a manner similar to the crude oil refinery, a biorefinery would integrate a variety of
conversion processes to produce multiple product streams such as motor fuels and other
chemicals from biomass. In short, a biorefinery would combine the essential technologies to
transform biological raw materials into a range of industrially useful intermediates. However,
the type of biorefinery would have to be differentiated by the character of the feedstock. For
example, the crop biorefinery would use raw materials such as cereals or maize and the
lignocellulose biorefinery would use raw material with high cellulose content, such as straw,
wood, and paper waste.

However a word of caution about biomass. The aficionados of biomass use cite the fact that
biomass is a carbon-zero feedstock insofar as the carbon dioxide emitted to the atmosphere
form the use of biomass is offset by the uptake of carbon dioxide during the growth cycle of
the biomass. But there are other, often unmentioned issues that must be addressed.

Biomass also contains varying quantities of metals, including alkali metals, alkaline earth
metals, and heavy metals. The alkali metals consist of the chemical elements lithium (li),
sodium (Na), potassium (K), rubidium (Rb), cesium (Cs), and francium (Fr). Together with
hydrogen they make up Group | of the Periodic Table. On the other hand, the alkaline earth
metals are the six chemical elements in Group 2 of the Periodic Table and are beryllium (be),
magnesium (Mg), calcium (Ca), strontium (Sr)barium (Ba), and radium (Ra). Finally, the
heavy metals are less easy to define but are generally recognized as metals with relatively
high density, atomic weight, or atomic number. The common transition metals such as copper
(Cu), lead (Pb), and zinc (Zn) are often classed as heavy metals but the criteria used for the
definition and whether metalloids (types of chemical elements which have properties in
between, or that are a mixture of, those of metals and nonmetals) are included, vary
depending on the context. These metals are often found in functional molecules such as the
porphyrin molecules which include chlorophyll and which contains magnesium. The presence
of these metals requires additional treatment to ensure that release into the environment is
mitigated.

By analogy with crude oil, every element of the plant feedstock will be utilized including the
low value lignin components. However, the different compositional nature of the biomass
feedstock, compared to crude oil, will require the application of a wider variety of processing
tools in the biorefinery. Processing of the individual components will utilize conventional
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thermochemical operations and state-of-the-art bioprocessing techniques. The production of
biofuels in the biorefinery complex will service existing high volume markets, providing
economy-of-scale benefits and large volumes of by-product streams at minimal cost for
upgrading to valuable chemicals.

Gasification Refinery

The most likely option for the integration of alternate feedstock into the refinery is the
installation of an on-site gasifier. Thus, such a refinery (often referred to as a gasification
refinery) would have, as the center piece, gasification technology as is the case of the Sasol
refinery in South Africa [13]. The refinery would produce synthesis gas (from the
carbonaceous feedstock) from which liquid fuels would be manufactured using the Fischer-
Tropsch synthesis technology [3, 5]. Synthesis gas is used as a source of hydrogen or as an
intermediate in producing hydrocarbon derivatives via the Fischer-Tropsch synthesis [12, 14].
In fact, gasification to produce synthesis gas can proceed from any carbonaceous material,
including biomass. Inorganic components of the feedstock, such as metals and minerals, are
trapped in an inert and environmentally safe form as char, which may have use as a fertilizer.
Biomass gasification is therefore one of the most technically and economically convincing
energy possibilities for a potentially carbon neutral economy.

Moreover, the gasification of carbonaceous feedstock can provide high purity hydrogen for a
variety of uses within the refinery [5, 6]. Hydrogen is used in the refinery to remove sulfur,
nitrogen, and other impurities from intermediate to finished product streams and in
hydrocracking operations for the conversion of high boiling distillates into low boiling
products, such as naphtha, kerosene, and atmospheric gas oil. Hydrocracking and severe
hydrotreating require hydrogen which is at least 99% v/v pure, while less severe hydrotreating
can use 90% v/v pure hydrogen and above and a current refinery typically requires continuous
hydrogen availability [5, 6].

Fischer-Tropsch Synthesis

The synthesis reaction is dependent of a catalyst, mostly an iron or cobalt catalyst where the
reaction takes place. There is either a low or high temperature process (LTFT, HTFT), with
temperatures ranging between 200 to 240°C for LTFT and 300 to 350°C for HTFT. The high
temperature Fischer Tropsch technology uses a fluidized catalyst at 300 to 330°C (625°F).
Originally circulating fluidized bed units were used (Synthol reactors). Since 1989 a
commercial scale classical fluidized bed unit has been implemented and improved upon.

The reactors are the multi-tubular fixed bed, the slurry or the fluidized bed (with either fixed
or circulating bed) reactor. The fixed bed reactor consists of thousands of small tubes with the
catalyst as surface-active agent in the tubes. Water surrounds the tubes and regulates the
temperature by settling the pressure of evaporation. The slurry reactor is widely used and
consists of fluid and solid elements, where the catalyst has no particular position, but flows
around as small pieces of catalyst together with the reaction components. The slurry and fixed
bed reactor are used in LTFT. The fluidized bed reactors are diverse, but characterized by the
fluid behavior of the catalyst. The low temperature Fischer Tropsch technology has originally
been used in tubular fixed bed reactors at 200 to 230 °C. This produces a more paraffinic and
waxy product spectrum than the high temperature technology.

A new type of reactor (the Sasol slurry phase distillate reactor has been developed and is in
commercial operation. This reactor uses a slurry phase system rather than a tubular fixed bed
configuration and is currently the favored technology for the commercial production of
synfuels.
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PRODUCTS FROM ALTERNATE FEEDSTOCKS

Alternate feedstocks such as the biomass-based feedstocks, can be converted into liquid or gaseous
forms for the production of electric power, heat, chemicals, or gaseous and liquid fuels though the
varying contents of cellulose, hemicellulose, and lignin (Table 2). The predominant conversion
processes are direct liquefaction, indirect liquefaction, physical extraction, thermochemical
conversion, biochemical conversion, and electrochemical conversion. More generally, the production
of biofuels from lignocellulosic feedstocks can be achieved through two different processing routes:
(i) the thermochemical platform and (ii) the bioconversion platform (Chapter 14). While each platform
is adequate to the task, depending upon the feedstock, there is no clear candidate for best pathway
between the various thermochemical technologies and the biochemical technologies.

Table 2. Amounts (% w/w) of Cellulose, Hemicellulose and Lignin Common
Agricultural Residues and Wastes*

Agricultural residue Cellulose | Hemicellulose | Lignin
Bamboo 41-49 24-28 24-26
Coastal Bermuda grass 25 35.7 6.4
Corn cobs 45 35 15
Corn stover 35 28 16-21
Cotton seed hairs 80-90 5-20 0
Grasses 25-40 35-50 10-30
Hardwood stem 40-50 24-40 18-25
Leaves 15-20 80-85 0
Newspaper 40-55 25-40 18-30
Nut shells 25-30 25-30 30-40
Paper 85-99 0 0-15
Primary wastewater solids 8-15 NA 24-29
Rice straw 40 18 55
Softwood stem 45-50 25-35 25-35
Solid cattle manure 1.6-4.7 1.4-3.3 2.7-5.7
Sorted refuse 50-60 10-20 15-20
Sugar cane bagasse 32-48 19-24 23-32
Sweet sorghum 27 25 11
Swine waste 6.0 28 -
Switch grass 30-51 10-50 5-20
Waste papers from chemical pulps | 60-70 10-20 5-10
Wheat straw 33-40 20-25 15-20
*Listed alphabetically rather than by any preferences.
Type Cellulose Hemicellulose | Lignin Others* | Ash
Soft wood 41 24 28 2 0.4
Hard wood 39 35 20 3 0.3
Pine bark 34 16 34 14 2
Straw (wheat) | 40 28 17 11 7
Rice husks 30 25 12 18 16
Peat 10 32 44 11 6

*Metals content is not differentiated in this analysis.
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Table 2. Summary of the Methods for the Conversion of Biomass to Fuels.

Biomass
Extraction
Transesterification | Biodiesel
Hydrolysis
Fermentation Biogas
Ethanol
Gasification
Synthesis gas Biogas
Hydrogen
Methanol
Ethanol
Pyrolysis Hydrogen
Bio-oil
Hydrotreating Diesel

The thermochemical platform typically uses a combination of pyrolysis, gasification, and catalysis to
transform the feedstock into gaseous products — one of which is synthesis gas and then into fuels or
chemicals. Synthesis gas) (also referred to as syngas) production through pyrolysis is accompanied by
the generation of char, which can then be gasified to provide process heat and energy for the
thermochemical platform.

On the other hand, the bioconversion platform typically uses a combination of physical or chemical
pretreatment and enzymatic hydrolysis to convert lignocellulose into its component monomers. This
platform (examples are anaerobic digestion and fermentation) uses biological agents to carry out a
structured deconstruction of lignocellulose components and combines process elements of
pretreatment with enzymatic hydrolysis to release carbohydrates and lignin from the wood. The
advantage of the bioconversion platform is that it provides a range of intermediate products, including
glucose, galactose, mannose, xylose, and arabinose, which can be relatively easily processed into
value-added bioproducts. The bioconversion platform also generates a quantity of lignin or lignin
components; depending upon the pretreatment, lignin components may be found in the hydrolysate
after enzymatic hydrolysis, or in the wash from the pretreatment stage.

Once hydrolyzed, six-carbon sugars can be fermented to ethanol using age-old yeasts and processes.
Five-carbon sugars, however, are more difficult to ferment; new yeast strains are being developed that
can process these sugars, but issues remain with process efficiency and the length of fermentation.
Other types of fermentation, including bacterial fermentation under aerobic and anaerobic conditions,
can produce a variety of other products from the sugar stream, including lactic acid. Bioconversion
proceeds at lower temperatures and lower reaction rates and can offer high selectivity for products.
Ethanol production is a biochemical conversion technology used to produce energy from alternate fuel
feedstocks, depending upon the type and properties of the feedstock. For ethanol production,
biochemical conversion researchers have focused on a process model of dilute acid hydrolysis of
hemicelluloses followed by enzymatic hydrolysis of cellulose. Biodiesel production is a biochemical
conversion technology used to produce energy from oilseed crops.

Cellulosic materials can be used to produce ethanol which represents an important, renewable liquid
fuel for motor vehicles. Production of ethanol from alternate fuel feedstocks is one way to reduce both
the consumption of crude oil and environmental pollution. In order to produce ethanol from cellulosic
materials, a pretreatment process is used to reduce the sample size, break down the hemicelluloses to
sugars, and open up the structure of the cellulose component. The cellulose portion is hydrolyzed by
acids or enzymes into glucose sugar that is fermented to ethanol. The sugar derivatives from the
hemicellulose feedstocks are also fermented to ethanol.
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The fermentation process requires pretreatment of the feedstock by chemical, physical, or biological
means to reduce the complex carbohydrates to simple sugars. This type of pretreatment is often
referred to as hydrolysis. The resulting sugars can then be fermented by the yeast and bacteria
employed in the process. Furthermore, feedstocks that have a high content of starch and sugar are most
easily hydrolyzed. Cellulosic feedstocks, including the major fraction of organics in MSW, are more
difficult to hydrolyze, requiring more extensive pretreatment. Fermentation is generally used
industrially to convert substrates such as glucose to ethanol for use in beverage, fuel, and chemical
applications and to other chemicals (e.g., lactic acid used in producing renewable plastics) and
products (e.g., enzymes for detergents). Strictly speaking, fermentation is an enzymatically controlled
anaerobic process although the term is sometimes more loosely applied to include aerobic processing
as well.

The bioconversion platform is an industrial option that might be used in a biorefinery (Chapter 12) for
producing fuels from alternate fuel feedstocks using biochemical reactions and/or biochemical agents.
For example, fermentation or anaerobic digestion to produce fuels and chemicals from organic sources
is a bioconversion platform. The bioconversion platform therefore has the ability to serve as the basis
for wood-based biorefining operations, generating value-added bioproducts as well as fuel and energy
for the forest sector.

THE RECONFIGURED REFINERY

Over the past three decades, the refining industry has been challenged by changing feedstocks and
product slate. In the near future, the refining industry will become increasingly flexible with improved
technologies and improved catalysts. The main technological progress will be directed to (i) upgrading
viscous feedstocks, (ii) production of cleaner — less environmentally threatening — transportation fuel
production and (iii) the integration of refining and petrochemical businesses.

Even the tried and true processes [5, 6] will see changes as they evolve [15].

In the integration of refining and petrochemical businesses, new technologies based on the traditional
fluid catalytic cracking process will be of increased interests to refiners because of their potential to
meet the increasing demand for light olefins. Meanwhile, hydrocracking, due to its flexibility, will
take the central position in the integration of refining and petrochemical businesses in 21st century
The typical refinery in the year 2050 will be located at an existing refinery site since economic and
environmental considerations may make it difficult and uneconomical to build a new refinery at
another site. Many existing refining process may still be in use but they will be more efficient and
more technologically advanced and perhaps even rebuilt (reactors having been replaced on a
scheduled or as needed basis) rather than retrofitted. However, energy efficiency will still be a primary
concern, as refiners seek to combat the inevitable increasing cost of crude oil and refinery operating
expenses.

The refinery of the future will have a gasification section devoted to the conversion of carbonaceous
feedstocks, such as biomass, to Fischer-Tropsch hydrocarbon derivatives. The biomass refinery of the
future will also use multiple feedstocks but also it will be able to shift output from the production of
one chemical to another in response to market demands. Given that biomass will be a part of a refinery
of the future, refiners may dictate that biomass receives preliminary upgrading at the biomass site
before being shipped to the crude oil refinery.

To circumvent these issues, there may be no way out of energy production than to consorting
alternative energy sources with crude oil, and not of opposing them. This leads to the concept of
alternative energy systems, which is wider-ranging and more meaningful than alternative energy
sources, because it relate to the actual transformation process of the global energy system [16].
Alternative energy systems integrate crude oil with other energy sources and pave the way for new
systems where refinery flexibility will be a key target, especially when related to the increased use of
renewable energy sources.

Low quality vegetable oils and greases are likely to be promising in a short-to-medium term to yield
diesel fuel and jet-fuel by means of hydroprocessing triglyceride-based feedstocks. Also, processing
pyrolysis oil requires larger efforts in commercial development because of the overall poor quality of
the bio-oils, the conventional hydrotreating catalysts are expected to have a considerably lower
catalyst life in bio-oil upgrading operations than that observed with a crude oil-based feedstock.

158



X International Conference Industrial Engineering and Environmental Protection 2020 (11ZS 2020)
October 08-09, 2020, Zrenjanin, Serbia

While the current generation commercial catalysts are excellent hydroprocessing catalysts, they are
optimized for crude oil-based feedstock and, since the bio-oils have significantly different properties
than petroleum feedstock, it would be worthwhile to dedicate efforts to developing catalysts
specifically designed for upgrading bio-oils.

Most of the biomass conversion processes carried out in a refinery need a high amount of hydrogen in
order to remove oxygen and yield high energy density fuels. Although biomass valorization can be
performed on current commercially available petroleum-based technology, it should not be forgotten
that crude oil and biomass feedstocks are chemically different. Nevertheless, heterogeneous catalysis,
which has made it possible to convert efficiently crude oil-derived resources to fuels, will also be able
to provide the necessary technology to get similar fuels starting from biomass feedstocks providing a
new catalyst technology is developed [17].
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Abstract: Nowadays there is a great concern relative to using biofuels according to the increasing energy
demand correlated with the depletion of fossil fuels all over the world. In this context, solutions are researched
and found in order to use all the existing renewable resources. Biogas, as one form of biomass conversion,
represents an energy carrier which is used in all developed or developing countries. In this context, Romania as a
developing country needs to step up its activities in terms of finding solutions to better use all the residual
materials with impact on biogas production as a solution.

The current paper will present the efficiency of anaerobic digestion of two material substrates in a small-scale
reactor (total volume of 5 L). In order to understand the mechanisms, which underlie the batch fermentation
process, and to evaluate it, modified Gompertz model and the logistical growth model were used.

Key words: Biogas; vegetal substrates; small scale installations.

INTRODUCTION

Anaerobic digestion is a good alternative to the energy needs that the modern world faces. This
process is a biochemical one, consisting in the production of biogas as a result of organic compound
degradation in the absence of oxygen [1,2]. The biogas produced is rich in methane and carbon
dioxide. Depending on the source, the methane content may be between 45 to 70% and the content of
carbon dioxide between 30 to 45%. In the biogas it can be also found water, nitrogen, hydrogen,
hydrogen sulphide, oxygen, halogenated compounds and ammonia [3-5].

Biogas can be used to generate heat in combustion systems (boilers, turbines), electricity in fuel cells,
can be converted into heat and electricity in combined heat and power (CHP) plants or can be
converted into hydrogen by biogas reforming [6,7].

Due to their high content of carbohydrates and nitrogen, agricultural wastes represent an important
source of biomass. According to the 2017 statistical report of European Biogas Association, the
number of biogas plants in Europe increased almost three times compared to 2009, reaching 17662
plants in 2016. 67% of that growth was due to biogas plants running on agricultural substrates [8].

In Romania, the agriculture plays an important role in the economic development of the country. Data
from the European Institute of Statistics - Eurostat - showed that in 2018, Romania ranks first in
European maize and sunflower production, fourth in the European wheat production and fifth in
rapeseed production. As a result of these activities, huge amounts of agricultural residues are
produced. These can be used to produce renewable energy. According to N. Scarlat et al. [9] the
amount of agricultural crop residues available for bioenergy in Romania was estimated at 137.1 PJ.
The mathematical modelling of anaerobic digestion can give important information on the process
efficiency in different condition, allowing to identify the effect of different parameters on the digestion
efficiency. In the literature there are a lot of models used to describe the kinetics of methane
production during the digestion process of diverse substrates [10-14].

In this context, the objective of the present study was to investigate the anaerobic digestion efficiency
of two degraded cereals. In order to describe the kinetics of the process, the modified Gompertz model
and the logistical growth model were applied and evaluate.
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Substrates

The anaerobic digestion performances of the following degraded agricultural biomasses were
investigated in this study: wheat bran and rye. In the preparation of the substrates was used water from
the centralized water supply system.

Experimental set-up

The laboratory scale experimental setup simulates an anaerobic digestion process and allow to
evaluate and compare the performances of different substrates. Two batch reactors with a volume of
6L each, were used in this study.

The schematic diagram of the experimental set-up is presented in Fig. 1.

Q ) O O B

Fig. 1. Schematic diagram of experimental setup

The experimental setup is composed from: 1 — thermal glass reactors with a total volume of 6L,
covered with a layer of black paint; 2 — magnets used for magnetic stirring of the material suspensions;
3 — device used for heating the suspension inside the glass reactors; 4 — thermocouple; 5 — system for
sampling and pH correction of the suspensions inside the vessels; 6 — syringe used for sampling and
pH correction system; 7 - pH controllers connected to pH sensors inside the glass reactors in order to
determine in real time the pH value of the suspension; 8 — temperature controller connected with the
thermocouple; 9 — gas bags with a total volume of 2L used to collect the biogas produced in the
fermentation process.

The fermentation process was carried out at temperatures between 30 and 35 °C, for 35 days in order
to observe the pH, the biogas yield and its composition in terms of CH, and CO, concentration. For
the pH correction during the process, a 10% NHs solution was used.

The methane and carbon dioxide concentration in the biogas was measured with a DELTA 1600 S IV
gas analyzer.

Chemical analysis

The physical and chemical characteristics of substrates and digestates produced at the end of the
anaerobic process were evaluated according to the following standards:

EN 14774 — Solid biofuels — Determination of moisture content — Oven dry method (parts 2 and 3)
[15];

EN 14775 - Solid biofuels - Determination of ash content [16];

EN 14918 - Solid biofuels — Determination of calorific value [17];

EN 15290 — Solid biofuels — Determination of major elements [18];

EN 15297 — Solid biofuels — Determination of minor elements [19];

EN 15104 — Solid biofuels — Determination of total content of carbon, hydrogen and nitrogen —
Instrumental methods [20];

EN 15148 — Solid biofuels — Determination of the content of volatile matter [21].

All analyses were performed in duplicate.
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Mathematical Models

In order to calculate and compare the methane production during anaerobic digestion of substrates
investigates, the following mathematical models were used [22]:
Logistical growth model

M = M,/(1+ b xexp(—k *t)) 1)

where: M is the cumulative equivalent methane yield at time t, in m3, Mp is the methane production
potential in m, b is a dimensionless constant, k is kinetic hydrolysis reaction rate constant, day™, t is
the time, expressed in days of the process, and exp(1) is 2.7183.

The modified Gompertz model [23]:

M = M, * exp(— exp(Ry, * exp(1)/M, * (A—t) + 1)) 2

where: M is the cumulative equivalent methane yield at time t, m®, Mp is the methane production
potential, m®, R is the maximum methane production rate, m%days, A is the period of lag phase, days,
t is the time expressed in days of the process, and exp(1) =2.7183.

The parameters of the model were calculated by non-linear unconstrained optimization method, using
the Nelder-Mead algorithm, which minimizes a scalar-valued nonlinear function of n real variables, by
using only function values [24].

In order to determine the mentioned parameters the Matlab R2018a Software was used. The quality
and appropriation of the model were first evaluated graphically and further, the mean square error
(MSE), root mean square error (RMSE), relative absolute error (rAE), correlation coefficient (R), and
coefficient of determination (R?) were calculated.

MATERIAL AND METHODS
The main characteristics of wheat bran and rye used in the anaerobic digestion are listed in Table 1.

Table 1. Main parameters of biomasses used in the anaerobic digestion process

Wheat bran Rye
Moisture content (db) (%) 9.72 10.00
Ash content (db) (%) 5.54 1.67
Gross calorific value (db)(J/g) 19034 18632
Net calorific value (db)(J/g) 17520 17302
Carbon content (%) 41.3 40.4
Hydrogen content (%) 6.2 6.3
Nitrogen content (%) 2.06 1.44
Volatile matter content (db) (%) 78.4 84.4
C/N ratio 20.05 28.06

It can be observed from the table above that the calorific value for both materials presents high value
which can be interpreted as high energetic capacity which can be capitalized. Also the C/N ratio is
well inside the domain 20-30 which is characteristic for good quality fermentation processes.

The digestion process was conducted in a batch reactor, for a period of 35 days. The evolution of pH
and temperature during this fermentation period is presented in fig. 2 and 3 respectively.
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Fig. 2. pH evolution during the anaerobic digestion process
From Fig. 2 it can be determined that the pH is relatively low in the period of 8 days and after, by

using a correction agent based on a lime suspension, the pH was risen to the specific values for a
correct fermentation, which is between 6.5 — 7.5.
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Fig. 3. Temperature evolution during the anaerobic digestion process
Temperature was, as pH, monitored on a daily basis and presents values averaging between 30 °C and
35 °C. The mentioned values are correspondent to mesophilic temperature regime, which was tested
for both batches of material.

RESULTS AND DISCUSSIONS

The cumulative biogas production for the two substrates was calculated and is presented in Fig. 4.
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Fig. 4. Cumulative biogas production

From Fig. 4, it can be noticed that biogas production follows the same trends for both substrates
investigated, but the total amount produced is superior in the case of rye (15 m3).

The best explanation for this aspect is that the bacteria had a better environment, even If the initial
conditions were the same, and developed faster, thus obtaining higher biogas quantities.

The characteristics of the two digestates used are presented in Table 2.

Table 2. Main properties of digestate formed during anaerobic digestion process

Digestate from | Digestate

wheat bran from rye
Moisture content (db) (%) 2.58 4,98
Ash content (db) (%) 53.1 16
Gross calorific value (db)(J/g) 10765 18103
Net calorific value (db)(J/g) 9323 16564
Carbon content (%) 57.1 47.9
Hydrogen content (%) 6.4 5.8
Nitrogen content (%) 11.0 4.14
Volatile matter content (db) (%) 62.1 70.4
C/N ratio 5.19 11.57

It can be observed that the calorific value decreased with almost 50% for wheat bran and with about
10% for rye. This could be explained by the fact that rye is a better material for this type of processes
in relation with the produced quantity. Also the digestate ash content is very high, mainly because of
the lime based suspension used for pH corrections. This aspect makes the digestates unusable for
combustion processes because of the high quantity of residual material, but it can be still used as
fertilizer in agriculture.

In order to determine the maximum CHa production potential (Mg), CH4 production rate (Rm) and lag
phase () the modified Gompertz equation was used. Fig. 5 shows the fit of the Gompertz model to the
experimental data.
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Fig. 5. Comparison of experimental data and simulation data using
modified Gompertz model

The Kinetic parameters of the model were determined by non-linear unconstrained optimization
method. The results are shown in table 3 together with the statistical parameters used to measure the

accuracy of the model.

Table 3. Parameters of modified Gompertz mathematical model and the values of model performances

Substrate Model parameters
Me (1) Rm A (days) | MSE® | RMSE® | rAE® R¢ RZe
used
(I/days)
Wheat 8.1568 | 0.3380 17.7247 | 0.0122 | 0.1105 | 9.9743e-04 0.9983 | 0.9979
bran
Rye 11.9491 | 0.4664 15.5539 | 0.0430 | 0.2072 | 0.0012 0.9975 | 0.9972

& mean square error; ° root mean square error; ° relative absolute error; ¢ correlation coefficient; ®
coefficient of determination

Table 3 revealed that the methane production rate is higher in the case of rye, which is confirmed by
the higher quantity of methane produced in this case. The values of A kinetic parameter indicate that

the bacteria from rye need less time to adapt in the liquid substrate from digester.

The second model used to determine the methane production potential of the investigated substrates
was the logistical growth model. The experimental data and the models values are presented in fig. 6.
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Fig. 6. Comparison of experimental data and simulation data using logistical growth model

The values of model parameters and the statistical parameters used to measure the accuracy of the
model are presented in table 4.

Table 4. Parameters of logistical growth mathematical model and the values of model performances

Model parameters
Substrate = " T K mse: | RMSE | aEe R¢ R2¢
used
(1/days)
Wheat 6.0035 | 899.9417 | 0.2559 | 0.0041 | 0.0639 | 4.9229¢-04 0.9994 | 0.9993
bran
Rye 9.0210 | 392.7410 | 0.2368 | 0.0144 | 0.1198 | 6.4837e-04 0.9991 | 0.9991

@ mean square error; ® root mean square error; © relative absolute error; ¢ correlation coefficient; ©
coefficient of determination

As it can be seen from Fig. 6 and Table 4, the logistical growth model estimate very well the methane
production potential.

Both models provide good values of statistical parameters, but the logistical growth model displayed
better values, meaning that this model make a more accurate estimation of phenomena produced
during the anaerobic digestion of investigated substrates.

CONCLUSIONS

Anaerobic digestion of the two substrates studied showed that rye is more suitable for this process,
both in terms of biogas production and its composition in methane.

In addition, two kinetic models were used to simulate the methane production during the process and
estimate the maximum methane production. Both models are very useful to understand the effect of
various parameters on the process efficiency. In this care, the logistic model described and estimated
more accurately the methane production.
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TEMPERATURE MAPPING IN PHARMACEUTICAL WAREHOUSE —
FRAMEWORK FOR PHARMACY 4.0
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Abstract: International Society for Pharmacoepidemiology has recently established a specific interest group
Pharma 4.0, with the aim of adjusting the pharmaceutical industry to the Industry 4.0 concept. The aim of this
study was to select the best strategy for bringing the temperature mapping in the pharmaceutical warehouses closer
to Industry 4.0. For this reason, a temperature mapping was performed. Based on the analysis of the obtained
results, a choice of optimal locations for continual monitoring was enabled. The human role herein was overseeing
the process and reacting should the process could be disrupted. Progressing towards the Pharma 4.0 concept
enabled the control of processes guided by the data from the internal sensors, which will in the future guide HVAC
system. Relatedly, the way in which the process of controlling environmental conditions in the pharmaceutical
warehouses can be automatized as it is outlined in the paper.

Key words: Pharma 4.0; temperature mapping; pharmaceutical industry.

INTRODUCTION

Industry 4.0 is an original project of the German government, which promotes a strategic approach of
production digitalization [1]. Herman et al. [2] define Industry 4.0 through four basic principles: 10T
(Internet of Things), oS (Internet of Service), CPS (Cyber-Physical Systems), and Smart Factory.As
one of the most profitable industries, pharmacy had to respond and adapt to the emerging challenges.
Therefore, ISPE (International Society for Pharmacoepidemiology) creates a special interest group
"Pharma 4.0", in order to bring the pharmaceutical industry closer to the concept of Industry 4.0. Pharma
4.0 represents a transformation of the pharmaceutical industry, which includes the collection and
analysis of data through "machines", enabling more flexible and efficient processes [3-5]. As the quality
of pharmaceutical products largely depends on storage conditions, the qualification of pharmaceutical
warehouses certainly represents a process that needs to be improved and brought closer to the Industry
4.0 concept [4]. As part of the Pharma 4.0 recommendations, ISPE has defined 6 phases of digital
maturity (Figure 1), from the phase with the least mature elementary informatization, to the phase with
the most mature self-managing, intelligent equipment [4-7]. These phases describe the path taken in this
research.

Predictive
maintenance/quality

Self-correcting
systems

Digital SOPs, In line
Quality, loT-enabled

Value

Full process visibility,
order of magnitude
improvements

Computerization Connectivity Visibility Transparency Predictability Adaptability

Fig. 1. Stages of digital maturity [7]
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Non-compliance with storage conditions is one of the most frequently detected violations detected by
regulatory authorities in the pharmaceutical industry during inspections of storage facilities. The most
common irregularities concern deviations from the acceptance criteria for ambient conditions, ie.
temperature.

Failure to comply with storage conditions can lead to changes in the therapeutic effect of the product,
and to harmful effects on the patient's health [8,9]. As temperature deviations are observed during the
preparation of raw materials, the production and distribution of pharmaceutical products, a holistic
approach to the quality system in pharmaceutical warehouses is needed, which will be based on GMP
(Good Manufacturing Practice) and GDP (Good Distributive Practice) [8,9].

The general requirements for the storage of medicines in the pharmaceutical industry, defined by the
synonyms "quality system" (GDP and GMP) do not define concise steps for the qualification of the
warehouse. Initial temperature mapping, on which we define monitoring positions, cannot prove with
certainty the real temperature distribution in the warehouse. The temperature distribution is conditioned
by dynamic changes at each point of volume, and represents a very complex thermodynamic task. Li et
al. [3] have defined a general methodology for designing wireless sensor networks in order to monitor
the production environment in the pharmaceutical plant. Some of their recommendations have been
adopted in the research that will be presented in this paper.

RESULTS AND DISCUSSION

Respecting the recommendations, requirements and guidelines established by the relevant regulatory
acts [8-13], an experiment of temperature mapping in a pharmaceutical warehouse was performed.
Figure 2 shows a diagram of the storage space with the positions where the data loggers are placed. The
storage area is P = 2544 m?, while the volume is V = 35616m?. The maximum capacity of the storage
space is 6782 pallet places. A detailed geometric representation of the mentioned warehouse, as well as
the temperature mapping procedure is presented in paper [8]. By collecting and analyzing data, measures
for continuous control and monitoring of environmental conditions in real time have been proposed, by
which has proven how the qualification process of pharmaceutical warehouses can be further digitized.
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Fig. 2. Data loggers positions
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On Figure 2, data loggers are marked in the ZX.Y format where X is the height, and that 1 for data
loggers which are set at a height of 1.2 meters from the floor, 2 for data loggers which are set at a height
of 3 meters from the floor, 3 for data loggers placed in the central part of the warehouses at a height of
5.5 meters from the floor, 4 for data loggers which are set at an altitude of 8 meters from the floor, and
5 for data loggers placed near the highest storage point, at an altitude of 11.5 meters from the floor.
While Y represents the position of the data logger.

Figure 3 shows a graphical representation of the temperature mapping results in the specified
pharmaceutical warehouse. In the study conducted in the summer period, 35 data loggers were used, set
up according to the scheme shown in Figure 1. Occupancy of the warehouse during the study was ~ 65%
(4409 pallets). The temperature mapping test started on July 21, 2017. at 8 p.m, and ended on July 24,
2017. at 8 p.m. The interval between two consecutive measurements was 5 minutes. The outdoor
temperature ranged from 20.8 ° C to 40.8 ° C, while the mean outdoor temperature during the summer
mapping period was 30.07 ° C.
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Fig 3. Chart of the data from temperature data loggers

During the execution of the initial study (empty storage), which was shown in paper [8], the temperature
ranged from 18.3 ° C to 21.3 ° C, while in this study (~ 65% filled storage) the temperature ranged from
21.6 ° C. ° Cto 22.7 ° C, which shows the dependence of the inertia of the system and the occupancy of
the warehouse.

After a detailed analysis of the data, the guidelines and regulations require the defining of critical,
"warm" and "cold" points. Defining critical points represents the selection of the best positions for
internal sensors for continuous monitoring. After the conducted study in the summer, the recommended
positions for continuous monitoring are: Z1.1; Z1.3; Z1.9; Z2.11; 22.13; Z4.11; Z4.13; Z5.2; Z5.3; Z5.4;
Z5.5; Z5.6; Z5.7 and Z5.9. This completes the process of mapping the temperature in the warehouse,
and as a result, we get positions for continuous monitoring. For the pharmaceutical industry, meeting
the requirements of GMP and GDP is inevitable, and the previously performed process of temperature
mapping is more than a sufficient approach to meeting the requirements.

By defining critical points, all requirements of standards and regulations are met. Industry 4.0 strives
for complete process automation, so an information system that will independently manage the
environmental conditions in the warehouse will be proposed below.
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Part of the automatic control system is the BMS (Building Management System) as a homogeneous
system that collects monitors and stores both critical and non-critical data from the field. Values of all
sizes from the project are available on the BMS computer. The concept of this system is to connect
physical quantities from the process in three levels: The peripheral level consists of all sensors
connected to the system on the object, all measurements of temperature, humidity, pressure, operating
status, failure, etc.

The controller level consists of all controllers with their distributed modules. In the field of each cabinet
there are 1/ O - modules for accepting the sizes collected in the field. Each of the modules placed in the
automation cabinets accepts signals of a certain type. Distributed modules communicate via internal
serial P-BUS communication with the controller. All controllers on the high-rack warehouse facility are
modular free-programming controllers of the PXC100-D type. The controllers are interconnected in the
LON network and communicate with the BACnet protocol.

The BMS level makes up the highest connection level at the high-rack warehouse facility. At this level
is the Desigo Insight V5.1 central monitoring and control system. It represents the basic graphical
interface to the user. The connection between the controller and Desigo Insight V5.1 is made via the
PXG80-N router. The complete topology is shown in Figure 4.

- FTTFrrrrrrrrerrr

LEVEL 1

TXM1.8U

BUS

LEVEL 2

eank e LEVEL 3
Fig 4. Architecture of distributed control system

With the adoption of the proposed information system, the process of controlling the environmental
conditions in the warehouse will be fully automated. BMS collects data from all 14 internal sensors
(whose locations are determined by temperature mapping), calculates their mean value and forwards
such defined information to the air conditioning system. This enables process control guided by data
from internal sensors, which will in the future "guide” the air conditioning system, and shows how the
process of controlling environmental conditions in pharmaceutical warehouses can be automated.
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CONCLUSION

Although Industry 4.0 represents a progressive leap from traditional automation to a fully integrated and
flexible system, the application of these systems in the pharmaceutical industry has not been examined
in detail. To reap the benefits, Pharma 4.0 requires further process research, from raw material
procurement to distribution to end users. The paper shows how the qualification process of
pharmaceutical warehouses could be brought closer to Industry and Pharma 4.0 concepts. Described
experiment shows the possibility of defining the optimal number of locations for continuous monitoring,
without affecting the quality of drugs which are stored. With the introduction of internal sensors, control
of the air conditioning process guided by real-time data is enabled. In addition to continuously providing
process control, the ability of analytical data to detect deviations from the required eligibility criteria in
a timely manner is very important. Pharmacy is one of the most regulated branches of industry, so this
"evolution" should be a great opportunity to demonstrate access and adaptation to digitalization, with
the necessary condition that regulatory frameworks become more accessible and open.
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Abstract: The paper presents one ways of support to small newly established enterprises and entrepreneurs,
which are in a development life phase, is the system of technological infrastructure. Those are different
organizations which help entrepreneurs to develop their business ideas and to overcome more easily the initial
problems in business, for which, in a wider context, the term business incubators is used, and also the clusters
related to entrepreneurs who are in an advanced phase of entrepreneurship.

The paper presents the general characteristics of entrepreneurial infrastructure - clusters. We present in the table
existing organizational forms of business infrastructure (clusters), their activities, and numerical strength in the
territory of the Republic of Srpska.

Key words: SMEs, Entrepreneurial infrastructure, Clusters, Entrepreneurship

INTRODUCTION

Infrastructure is important for entrepreneurial activities [4] and may have various forms and functions.
As first, the development of trade and industrial growth require physical infrastructure, road and
railway traffic and transportation etc.

In all developed Western countries and in many developing countries, entrepreneurship and small
enterprises as a whole are supported by the state, state institutions and nongovernmental organizations
in many ways [7,9].

Orientation of a market-developed countries has deep roots, regarding the fact that the capitalism has
tried many development models as opposed to one-dimensional models of economic flows control
which have been practiced more-less for decades in the countries of socialist and similar socio-
economic systems.

The support to the development of small and medium-sized enterprises in the Republic of Srpska had
gained in importance in 2002, with the adoption of the Program of Small Business Development, and
after that the Law on Stimulating the Development of Small and Medium-sized Companies was
adopted. The adopting of the Law has created the basis for legislative, institutional and financial help
to this area.

On the basis of the Law, during 2004, there were formed: Department for SMEs and Production
Craftsmanship at the Ministry of Economy, Energy and Development of the Republic of Srpska and
the Republic Agency for the Development of Small and Medium-sized Enterprises. At the same time,
on a local level, local agencies for the development of SMEs were being established. The support to
the development of SMEs at a local level is also given by municipal development departments which,
together with the above mentioned institutions, make support network for the development of SMEs.
Similarly to the leading countries of the West, many small countries which started with the
implementation of market-capitalistic principles in the development of economy three to five decades
ago, have reached an enviable level of development today [7] exactly due to the development of small
enterprises.

The determinations of Bosnia and Herzegovina [2] related to the SMEs development sector rely on the
recommendations of the European Charter and the Act on Small Business. The Law on Ministries and
Other Control Bodies of Bosnia and Herzegovina has also defined the institutional framework in the
field of issues in the sector of SMEs whose difficulties reflect, above all, in: approaches in defining
policies, development strategies and goals in the sector of SMEs, competences, way of work a
harmonized monitoring of the results in this area, mutual cooperation and profitability and excessive
administration.

At the level of the Republic of Srpska, within the Ministry of Economy, Energy and Development,
there is a department for small and medium-sized enterprises, the head of which is an assistant
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minister with the responsibilities in the work fields: development of entrepreneurship and
craftsmanship, making of medium-term and long-term development plans and making of the
development strategies of SMEs and entrepreneurial activity.

Pursuant to the [12], an enterprise is a legal person which performs the activity to gain profit, and an
entrepreneur is a physical person who performs the activity to get profit and the activity of free
profession, while an individual agriculturist is not an entrepreneur. The Law does not know the notion
of small and medium-sized enterprise, and because of that the same provisions apply to them as to the
other enterprises.

The new [13] is a modern regulation, greatly harmonizes with the directives of the European Union
company law and as such should contribute to the creation of a legal framework complementary the
internal market of the EU.

The Law on Business Companies of the Republic of Srpska is based on the best solutions of modern
national law of the surrounding countries, and also of some countries from Europe and the USA
(IMinois), the Statute of the European Company from 2001, OECD Principles of Corporate
Governance from 1998 etc. Entrepreneurship, in the sense of the [14], is an innovative process of
creation and development of business ventures or activities and of creation of business success at
market. Entrepreneurial infrastructure presents spatial-technical forms for toe support of
entrepreneurship development, with a special emphasis on establishing and development of SMEs.
Entrepreneurship, in the sense of The Law on Development of SMEs of the RS, is an innovative
process of creation and development of business ventures or activities and of creation of business
success in the market. Entrepreneurial infrastructure presents spatial-technical forms to support
entrepreneurship development, with a special emphasis on establishing and developing SMEs.

In recent time [3], there is a greater emphasis in the commercialization of university research,
especially through the creation of spin-off enterprises. They emphasize inhomogeneity of the concept
of university spin-off enterprises and point out their heterogeneous properties.

CHARACTERISTICS OF CLUSTERS

A cluster is a network organization or a group of enterprises coordinated by market mechanisms [7,9]
rather than by chains of commands. A cluster consists of enterprises that are mutually connected,
vertically (buyer — supplier) or horizontally (same buyers, technologies, distribution etc.). Competitive
branches are grouped into clusters most often.

A cluster [14] is a form of entrepreneurial infrastructure consisting, in a geographical area, of mutually
related business entities that do their business in the same, similar and various activities and, related to
them, specializes suppliers, service providers, educational and scientific-research institutions, agencies
and other.

In the practice of small-enterprise development, the cluster model deserves special attention. It has
proven to be practical, especially in countries that have a tradition of supporting the development of
small enterprises. The immediate predecessor to the development of clusters was incubators and,
actually, clusters developed quickly in the areas that have had experiences with incubators. The
connecting of entrepreneurs, their cooperation, sharing of services and equipment, or their networking
into the most common clusters is also, as stated by [1], the influence of the work of most incubators.
The connecting of business incubators with the academic and research community is also of great
significance.

Clusters are presented by[11] as the basis of the new competitive economy, emphasizing their
importance in increasing the competitiveness of enterprises on local and international markets. He
defined them as geographic concentrations of mutually related enterprises, specialised suppliers,
service providers, enterprises with similar activities and relevant institutions related to them
(universities, agencies for standardisation and vocational associations), which mutually compete in
some areas but also earn money. A cluster, as a concentration with critical mass [11] and extraordinary
competitive success in a certain activity, represents a significant characteristic of every country,
regional and local economy, especially in economically developed countries.

In countries in transition, clusters have their real future perspectives. It must be kept in mind that the
experiences gained in the development of clusters in the European Union can be transferred to local
practice without modifications, which would be unavoidable in an uncontrolled development.
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The system of clusters [6] is a global model for the development of small enterprises. They prosper
where the development of small business has already reached a significant level and where systematic
measures of the country contribute to it. They assist enterprises to develop quickly, to apply modern
methods of work and gain the maximum from their market environment under modern management;
at the same time, the regional economy achieves competitive advantages in relation to others. Thus
clusters connect technologies, industries and, generally, the economies of two regions or even a few
regions from a few countries.

It can occur within branches (metal, wood, textile, food etc.) in which SMEs develop by using
communications, technologies and foreign investments from other regions.

The aim of clusters is to achieve a competitive advantage. One of the relevant factors promoting
competitiveness is also the geographic concentration. Finally, besides the geographic (local) factors,
legislation, organization and development of financial market have great significance for the
development of clusters. The use of knowledge [8] about sound strategies for the development of
clusters in the world and on the overall results from their realization contributes so that, in all new
cases (either specific or not), good solutions for their creation and development are established.
However, besides the similarities, there are also differences in the development of clusters. They
mostly occur due to different degrees of development of regions, levels of governmental inclusion in
this model of small enterprises development, strengths of the industrial basis, critical masses of people
with entrepreneurial spirit and the general interest of environment factor carriers in general. In
developed countries, local and regional government initiate the development of clusters and have had
success in that, because of good knowledge of economic processes and of exactly where they are in
control, consistent with finding productive measures of support for the realization of the goals [10]. In
underdeveloped countries and in small countries, ventures of this type are taken at the national level,
especially when it is known that local and regional authorities are not ready to support the
development of clusters.

REVIEW OF EXISTING FORMS OF ENTREPRENEURIAL INFRASTRUCTURE -
CLUSTERS IN THE REPUBLIC OF SRPSKA

At the beginning of the 1990s, characterized by the breakdown of the former state, the outbreak of
civil war, especially in the territory of B&H (The Republic of Srpska), events stopped not only the
development of entrepreneurship but also fundamental economic activities. The support for
development of small and medium-sized enterprises in the Republic of Srpska gained in importance in
2002, with the adoption of the Program of Small Business Development, and, after that, the Law on
Stimulating the Development of Small and Medium-sized Companies was adopted. The adopting of
the law created the basis for legislative, institutional and financial help in this area. On the basis of the
law, during 2004, there were formed two key agencies: the Department for SMEs and Production
Craftsmanship at the Ministry of Economy, Energy and Development of the Republic of Srpska and
the Republic Agency for the Development of Small and Medium-sized Enterprises. At the same time,
on for local level, local agencies for the development of SMEs were being established. The support the
development of SMEs at the local level is also now given by municipal development departments
which, together with the above mentioned institutions, maintain support network for the development
of SMEs.

Besides the state institutions, the institutes for small business at universities and colleges have a
significant role in the support of the SME sector in the USA [9,10].

In the European Union, state institutions also support the work of SMEs, creating a favourable setting
for their business. The development of SMEs in the EU occurs at various levels, although the
measures are not harmonised and the same for all members, which implies that a successful practice
cannot be copied because of the existence of differences in cultures, economic structures and
economic potentials.

Every local community or a set of local communities that are connected geographically engages in
various activities to improve the conditions of work for SMEs so as to attract a larger number of
enterprises to their territory or their region [9,10]. Local communities plays a very significant role,
while the task of the country, or the government, is to activate the internal resources, as additional
developmental sparks.
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A prudent activity of a local community aiming to develop its own infrastructure and entrepreneurial
potential and to attract investments can be to adopt a concept for regional development. Local
communities must develop attractive environments for capital and enterprises.

The establishment of business zones accelerates and simplifies the placement of spatial resources in
the function of economic development, investments, growth and employment. Everywhere in the
world, business zones present a significant instrument for the stimulation and development of
entrepreneurship and general economic growth of an area. They are established on the basis of a
clearly expressed interest among the businessman and bodies of local and regional government, with
the support of higher levels of government and research-educational organizations, universities and
institutes.

Regarding the business incubators, their location is also important, and it is recommended that an
incubator serve as an entrepreneurial environment, so it is desirable that they be networked with the
university or science sector. Incubators accept[10] primarily firms based on new technologies (hi-tech
firms) or production firms based on tested technologies. The emphasis should be put on human factor
as the generator of success. Business incubators, as well as business zones, can have a significant,
positive impact on the development of the national and local or regional economy. The entrepreneurial
infrastructure [14] can be organized in the form of business zones, technology parks, entrepreneurial
incubators and clusters. Exceptionally, they can be organized and other forms of infrastructure for the
development, promotion and research in this area in accordance with the regulations and requirements
of the economy. Table 1. Review of existing forms of entrepreneurship infrastructure- clusters in the
Republic of Srpska [5] provides an overview of the entrepreneurial infrastructure in the Republic of
Srpska. This overview contains the forms of organization of entrepreneurial infrastructure clusters.

As regards cooperation with scientific institutions and universities in the Republic of Serbian, there
exists several business incubators and one cluster; they are: Existing clusters are Solar Energy Cluster,
whose is activities Energy, gas and water production and supply. Leader cluster is Faculty of
Mechanical Engineering Banja Luka with members “Topling Factory” Prnjavor, “Energomont —
Bemind” Banja Luka and “Koming pro” Gradiska.

Table 1 Review of existing forms of entrepreneurship infrastructure- clusters in
the Republic of Srpska

Entrepreneurial infrastructure Activities Numerical strength
Cluster Existing clusters Agriculture and 5

forestry

Processing and 6

products of wood and
cork, cellulose paper
and paper products

Energy, gas and water 1

production and supply

Food and beverage 1

industry

Other 2
Planned Food and beverage 1

industry

Agriculture and 1

forestry, food and
beverage industry

Cooperatives Food and beverage 4
industry
Agriculture and 6

forestry, food and
beverage industry
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CONCLUSION

Every local community or a set of local communities which are connected geographically, to attract a
larger number of enterprises to their territory, the territory of the Region, takes various activities to
improve the conditions of work of SMEs.

Local community plays a very significant role, while the task of the country, or the government, is to
activate the inner resources, as additional development impulses. A prudent activity of local
communities with the aim of developing own infrastructure and entrepreneurial potential and
attracting of investments can be a concept of regional development. Local community must develop an
attractive environment for capital and enterprises.

The current determination is to harmonise the legal framework, which is being built with the EU and
the Act on Small Business, providing the conditions for the SMEs sector to be at the top of economic
development priorities.

It is very important to make efforts in understanding particular notions of different forms of
entrepreneurial infrastructure. There are no precise and unified definitions, so the matching is not
compulsory among the notions in the various countries.

General characteristics of entrepreneurial infrastructure (clusters) are presented, as well as their role
and importance in terms of providing conditions for the creation and development of small and
medium enterprises.

The paper presents the existing state of the clusters in the Republic of Srpska, with the numerical
strength, as well as their activities.

From the point of view of activities and the impact of scientific institutions and universities in the
Republic of Srpska and their participation in establishing and supporting the work of the cluster, the
results are not satisfactory.

We have a cluster in which participates as a founder the Faculty of Mechanical Engineering Banja
Luka.

REFERENCES

[1] Bosnjak S., Business incubators as generators of entrepreneurship development. Practical
Management. J Theory Appl Manag, Vol. 2, No. 2, pp. 51-56, 2011.

[2] Cviji¢ M., Istrazivanje uslova i mogucnosti za razvoj preduzetniStva u procesu tranzicije.
doktorska disertacija. Novi Sad, 2007.

[3] Garmendia B.M., Castellanos R.A., Types of spin-offs in a university context: a classification
proposal. Cuadernos de Gestion Vol. 12, No. 1. pp. 39-57, 2012.

[4] Heger D., at al., The Effect of Broadband Infrastructure on Entrepreneurial Activities: The
Case of Germany. Centre for European Economic Research (ZEW). 2011.

[5] IRB RS, URL: www.irbrs.net.

[6] Joji¢ R, Bozi¢ R, Entrepreneurship for the new century. Srpsko Sarajevo, Pristina,1998.

[7] Medakovi¢ V., Research of conditions for development of small and micro enterprises and
development of entrepreneurial infrastructure model. Doctoral thesis. Faculty of Mechanical
Engineering. East Sarajevo, 2012.

[8] Medakovi¢ V, Mari¢ B, Gojkovi¢ R., Cluster as a model organization for small and medium-
sized enterprises. 3rd International scientific conference” Conference on mechanical
engineering technologies and applications” COMETa 2016. East Sarajevo, pp 517-522,
Jahorina 2016,

[9] Medakovi¢ V, Mari¢ B, Moljevi¢ S, Miljanovic M, Gojkovi¢ R., Entrepreneurial
infrastructure—characteristics of business zones. In: VI International conference industrial
engineering and environmental protection 2016 (11ZS 2016). pp 8-13, Zrenjanin 2016.

[10] Medakovi¢ V, Mari¢ B., Characteristics of business incubators. In: IX International
conference industrial engineering and environmental protection 2019 (11ZS 2019). pp 279-
284, Zrenjanin 2019.

[11] Porter ME, Clusters and the new economics of competition. Harvard Business Review, pp 77—
78, New York 1998.

180


http://www.irbrs.net/

X International Conference Industrial Engineering and Environmental Protection 2020 (11ZS 2020)
October 08-09, 2020, Zrenjanin, Serbia

[12] The Law on Enterprises of the Republic of Srpska (2006) Gazette RS. Number 24/98. 62/02.
38/03. 97/04 and 34/06.

[13] The Law on Business Companies of the Republic of Srpska (2008) 01-1882/08. Gazette
RS.Number 127/08.

[14] The Law on Development of SMEs of the Republic of Srpska (2013) 01-916/13.

181



X International Conference Industrial Engineering and Environmental Protection 2020 (11ZS 2020)
October 08-09, 2020, Zrenjanin, Serbia

MATHEMATICAL MODEL OF OPTIMIZATION OF
VIBRO-DIAGNOSTICS PROCEDURES

Milica Josimovic!, Ljubisa Josimovic?, Slavica Prvulovic?, Vladimir Sinik!
tUniversity of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin, Serbia
2High Textile School, Leskovac, Serbia
e-mail: prvulovicslavica@yahoo.com

Abstract: This paper intends to present the elaborated mathematical model containing determinations of links
between periodicity changes of parameters for circuit components and signaling tolerance of parameters for
condition of components when securing given condition of components. This model launches direct relations
between reliability and regularity of parameter change for condition of observed circuit component and it has
direct task to determine output characteristics of the model: time of first condition check, allowed value of
condition parameters and signaling tolerance for condition parameters and their limitations where is mandatory
to perform procedures for preventive maintenance in order to avoid failure of components.

Key words: Mathematical model, optimization, turbo-generator, maintenance, vibro-diagnostics, reliability,
temperature, time, allowed value, condition parameter, tolerance.

INTRODUCTION

Arithmetic mean value random functions A (t) is calculated according to the following e Universal
model of the program package automatically resolves mathematical-model interpretation of the
process of monitoring parameters of components and it gives output characteristics that represent the
base optimal monitoring of procedures in the processes for turbo-generator condition change,
determination and performance of preventive maintenance procedures [1]. Conduced spectral analyses
of random 