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From Editor’s desk
“Onog dana kada nauka počne proučavati nefizičke pojave,
u narednih deset godina napredovaće više nego u svim ranijim vekovima svoje istorije.’’
Nikola Tesla

Stepen razvoja tehnike i olakšavanje životnih uslova je jedno od merila napretka industrijskih društava. Energija u
svim oblicima je pristupačnija ljudima, dok je prenos energije omogućen elektromagnentim talasima. U nauci, sve
smo bliži prihvatanju da je sve samo energija a da je materija samo jedan oblik „zgusnute“ energije i da je njeno
neprestano prostiranje ono što nazivamo elektromagnenti talas ili energetsko polje. U svim tehnološkim
sistemima, električnim uređajima i telekomunikacionoj opremi, jedan deo energije se upotrebi za korisnu svrhu
(energija ili prenos informacija) ali drugi, ne mali deo energije u obliku elektromagnentih talasa prodire u ljudskog
telo i pravi biološke efekte. To su tehnogena električna, magnentna i elektromagnentna polja koja menjaju
prirodno, životno (elektromagnetno) okruženje ljudi. U prirodnom zemljinom polju, ljudski organizam i njegov
imuni sistem normalno funkcionišu, dok ova polja mogu imati potencijalno nepoželjno dejstvo. Nauka mora
istražiti sve postojeće efekte kako bi upoznala korisnike sa mogućim zdravstvenim konsekvencama, zaštitila ljude
i sprečila da tehnološki razvoj postane generator ugrožavanja zdravlja i promoter sistemskih oboljenja, o čemu se
sve više govori u stručnoj javnosti. Neke od ovih pitanja smo želeli da rasvetlimo u ovom izdanju časopisa izborom
radova sa 13. Međunarodne konferencije Primenjene elektromagnentike (The 13th International Conference on
Applied Electromagnetics) ‐ PES 2017, koja je održana u septembru 2017. godine u Nišu. Drugi radovi govore o
aspektima delovanja tehnoloških postrojenja na životnu sredinu i ljude. Uredništvu časopisa je drago da su
istraživači iz celog sveta prepoznali časopis Safety Engineering kao medijum u kome se mogu publikovati
kvalitetna istraživanja iz oblasti zaštite životne sredine, zaštite na radu i zaštite od požara.
“The day science begins to study non‐physical phenomena,
it will make more progress in one decade than in all the previous centuries of its existence.’’
Nikola Tesla

Technology development and the improvement in ease of living are some of the criteria for the progress of
industrial societies. Energy in all forms becomes more accessible to people, and it could be transferred by
electromagnetic waves. In science, we got increasingly closer to accepting that everything is not more than
energy, and that matter is just another form of "concentrated" energy. The continuous expansion is of energy
what we call electromagnetic wave or energy field. In all technology systems, electrical appliances and
telecommunications equipment, one part of energy is used for a useful purpose (energy or information
transmission), while another, not a small fraction of energy in the form of electromagnetic waves penetrates the
human body and produces biological effects. These are technogenic electric, magnetic and electromagnetic fields
that change the natural, living (electromagnetic) environment of people. In the natural electric field of the Earth,
the human organism and its immune system function normally; however, these fields may have potentially
undesirable effects. Science needs to explore all the existing effects in order to introduce users with possible
health consequences, protect people and prevent technological development from becoming a generator of
endangered health and a promoter of systemic diseases, which is continuously discussed among professionals.
We wanted to clarify some of these concerns in this issue of the journal by selecting papers from the 13th
International Conference on Applied Electromagnetics ‐ 13th International Conference on Applied
Electromagnetics ‐ PES 2017, held in September 2017 in Niš. Other papers in this issue deal with the aspects of
environmental impact of technological plants. The Editorial Board is pleased to welcome the researchers from all
over the world who have recognized Safety Engineering journal as a medium to publish their high‐quality
research in the field of environmental safety, occupational safety and fire protection.
On behalf of the editors
Prof. Dr. Dejan Krstić
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BATTERY PACK DESIGN PROBLEMS INFLUENCE OF THE TRANSVERSE
MAGNETIC FIELD ON INTERNAL BATTERY
RESISTANCE
Abstract: The battery pack represents an essential part of electric
vehicles (EV), so its design significantly influences the drive
characteristics. The system of energy flow control in EV use highfrequency power electronic components that cause the appearance of
high harmonics super-imposed on DC component of the battery
current. This paper examines the influence of the distribution of the
transversal magnetic field inside of the battery pack depending on
battery pack design and its influence on battery parameters. DC
component of the transversal magnetic field inside of battery cells
cause Hall effect ions path allocation that is reflected on internal
battery resistance negative change. AC component of the transversal
magnetic field in electrically closed loops within battery pack induced
e.m.s. that also cause negative phenomena on battery pack
parameters.
Key words: battery pack design, Hall effect, internal battery
resistance, transversal magnetic field.
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INTRODUCTION
Energy efficiency and reduction of CO2 emissions as
modern trends rapidly to market introduce EV that, at
this stage of development, have numerous design
solutions of the EV drives. The battery as energy
storage is an essential part of the EV drive, which has a
duty to respond to the dynamic requirements of the
vehicle for energy. The design of a battery pack is
based on the cell and its parameters, and by parallel or
serial connection it builds a package that must provide
the required power level and capacity. In this work
cylinder shape cell is observed as the most common
solution.

BATTERY PACK DESIGN
The way of cell merging into the total packet depends
on a large number of design requirements (energy
availability, temperature protection, ...). The most
commonly accomplished topology merge cells in
parallel to the battery block to secure the capacity and
then the blocks are merged serially into the battery
pack to ensure adequate voltage levels.
What is often forgotten is that the battery does not store
electricity. The battery is a reservoir of chemicals that
produce electricity and store energy by chemical
reaction [1,2]. Therefore, the battery does not have the

possibility of an electric circuit to be switched off or
on, instead they are always on. If a short circuit is
provided by design (parallel connection of battery
cells), the chemicals will react and produce electricity.
Even inside one battery cell, there exists a closed loop
that provides relatively small self-discharge current
(this is the reason why the battery cannot store energy
for a long period). For most cases, where by design
battery cells are parallel connected, the connection is
permanent and any possible short-circuit current within
parallel connected battery cells will ultimately cause
discharging (rapidly faster process than in a case of a
self-discharging caused by uneven voltages of
connected cells). It leads to irreversible degradation of
the electrolyte (battery potential energy – stored
capacity). Basically, stored chemicals inside the cells
are not capable to react in the normal way to produce
electricity, disintegration and/or dissolution of active
material structure bring battery cell to End of Life [2].
As it can be seen on block diagram (Fig.1.) the
numerous internal mechanisms of the battery and its
surroundings affect the battery health. Most of them
cause thermal disintegration of the chemical process. In
this paper, an additional effect calculation is proposed.
The effect studied is caused by a magnetic field to
which battery cell is exposed due to battery block
design. Parallel connection of the cells (to provide
multiplication of battery current) in industrial

Paper is presented at the 13th International Conference on Applied Electromagnetics - ПЕС 2017.
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production usually are made by Spot Welded Nickel
buss (Fig.2). This is hard to obtain in small
manufacture production (e.g. prototyping design for a
solar electric car) due to the problem of completing the
set of cells with practically identical characteristics
(voltage and capacity). Every inequality can produce
balancing currents within unequal battery cells that in
the end reduce the capacity of both cells, as it is already
explained.

Fig.4), the produced current will be time variant related
to the variable load. Therefore, by the Faraday law, an
EMF will exist, and it can be modelled as a variable
voltage source that opposes the battery voltage source.
Consequently, this effect can be observed, in the
battery cell model, as an additional serial connected
voltage source (Fig.4.) that is dependent on the total
battery block electric current time change and the heat
source in battery cell that cause an additional
degradation of the batteries chemical reaction. [4]

a)

Figure 1. Block diagram of failures event that can
occur at Li-Ion batteries
Battery block shown in Fig.3 is realized from 15 cells
in parallel connection through top and bottom plates
with an interconnection bar to provide negative
contacts on the upper plate (prototype design of the
battery block for solar electric vehicle). Battery block
design (Fig.3.a) is often used solution because it's very
easy to have all connection points between blocks on
one side of a battery pack.

Figure 2. Battery block example of Spot Welded Nickel
buss for WorldSolarChellenge Solar Car [3]
Problem in this design that each battery cell in parallel
block have closed loop with interconnection bar
(Fig.3.c) that is practically rectangular shaped,
providing the area for inducing the EMF (change of
magnetic flux through closed loop area in situation of
rapidly changing battery current produces an induced
EMF due to Faraday's law of induction. If the battery
cell is considered a constant voltage DC source
connected to dynamically changing load (as shown in

b)

c)

Figure 3. a) Battery block built by 15 parallel cells and
interconnection bar. The contacts are on the same side
on the upper plate, b) Cross-section of the block with
shown interconnection bar, c) Lumped model of the
electric circuit consists of one cell and interconnection
bar.
MAGNETIC CIRCUIT MODELLING
Battery cell models differ mostly in approach to
compute lifetime for specific discharge profile in
relation to the complexity of the drive model. For
relatively precise calculation (huge demand of
calculation power and time consumption) the Shepard
model is often used [5, 6]. That model determines total
battery cell voltage using different parameters in
relation to the battery current, polarization resistance,
extracted capacity, maximum capacity and drop off
exponential capacity. These parameters are obtained
from charging/discharging battery characteristics given
by the manufacturer, and in the end, this model
calculates the voltage of the battery that depends on
just one variable: State-Of-Charge (SOC).
In this paper an upgrade of the Shepard model is
proposed with an additional internal serial voltage
source and parallel resistors for modelling the magnetic
effect on battery cell as result of the battery block
design.
For introducing the magnetic field influence of battery
block design (presented in Fig.1.c) to battery model, it
must be taken into consideration that total battery pack
power flows through each subsection (battery blocks
are in serial connection) presented by the electric
circuit (Fig.1c) and apart from the DC component,
there are spectral harmonics caused by the power
electronics. In the case of the dynamic load of the
battery (di/dt ≠ 0), the induced voltage, modelled as a
voltage source dependant on the load current that
opposes the change of the current appears. Dynamic
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resistor presents the load that uses the battery energy
for propulsion.

switching operation of the electronics is above 10 kHz),
the induced voltage Uind has the peak value of 23,5%
referred to the nominal battery cell voltage (standard
driving cycle). The real mean value of the additional
voltage source should be calculated for the particular
drive cycle (e.g. driving the car through city traffic).
Additional problem is to calculate possible recuperation
of the braking energy, that is not present every time
when the vehicle slows down.

U ind i   Lsquare

Figure 4. Lumped model of electric circuit for one
battery cell as part of the battery parallel block

di
dt

(3)

The second effect, that is proposed in this paper to be
taken into consideration, is the Hall effect within the
battery cell due to magnetic field present in the battery
block volume. Within the battery cell, there is an
imposed transversal magnetic field from the rest of the
battery block elements (Fig.6.) that influence the
electrolyte ions by Hall effect.

Figure 5. Hall effect ion path allocation in electro-lyte
as result of imposing transverse magnetic field and
electric field current flow
Equation (1) presents the Ohmic law for Lumped
model (Fig.4) of the single electric circuit with
modelled battery cell as voltage source dependant on
the cell current [4].

U bat (t , i )  U ind (i )  i (t )  Rdynamic (t )

(1)

The load, presented as a dynamic resistor, is a function
of time (EV drive demand for energy from the battery
as a function of time). Finally, the loop surface used to
calculate the induced voltage source as a function of
cell current (for given geometry presented in Fig.3.c)
corresponds to the yellow marked area on Fig.4. To
calculate the induced EMF for rectangular shaped
design (shown on Fig.3.c) the inductance of the loop
needs to be calculated. This is the well-known relation
that can be taken in simplified form:

Lsquare  N 2


2w   w 
ln   0,77401

  a


Figure 6. Transversal magnetic field distribution as
result of battery block current
A simple theory of electrolyte conductance in coupled
electric/magnetic fields is presented in early 60’s in
research from two scientists: Falkenhaim (Germany)
[7] and Mohanta (Canada) [8,9]. If we considered that
ions flow through electrolyte perpendicular to an
imposed transversal magnetic field from the rest of the
battery block elements the Lorentz force will separate
flow of positive and negative ions creating a resistance
to ions flow (Fig. 5) [10,11]. As a result of Hall effect,
the electric field that has direction perpendicular to
direction of ions (Fig.7) it can be modelled as an
additional parallel resistor to the Sheppard model of the
cell.

(2)

where are: w-dimension of the rectangular loop, adiameter of the wire, N-number of turns, permeability.
For the design shown in Fig.3.b, the calculated
inductance mean value for each cell in battery block is
98H. This is relatively small value. Now consider the
harmonics of current produced by the power electronics
that control the energy flow in power drive (normal

Figure 7. Lorentz force on electrolyte ions in motion
passing under a transverse magnetic field produce Hall
effect voltage.
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To calculate this resistance, the model presented in
[9,10,11] can be used. An electrolyte solution flows
through the model as a rectangular tube with the crosssection 2w-wide and h-high of the path of the ions),
with velocity vE in a volume of length L where the
magnetic field B0 is orthogonal to vE, and the result is
the produced Lorentz force with perpendicular current
flow, that can be considered as resistance. [9,11]
The relation that can be obtained for Li-Ion battery cell
is shown in Eq.4. Hall effect induced internal resistance
is proportional to the effective damping coefficient
(βeff) that can be expressed in terms of the
corresponding effective value of Van der Waals radii of
ions and viscosity of the electrolyte in ratio to ionic
charge (Ze). Dimensions of the electrolyte are
determined through the volume density (N-volume
density of ions in the electrolyte). [9,11]

R

w eff

hL Ze   N
2

Finally, the total result directly influences on the
thermal dissipation and therefore are related to the
effect of rising temperature of certain cells. In [12,13]
there are presented results of FEM model transient
analysis shown in Fig.8 that give verification results
but without the influence of the imposed magnetic field
previously explained. This effect needs to be
additionally calculated using FEM calculation.

(4)

Magnetic field distribution is shown in Fig.6 where the
interconnection bar current is 15 times larger than the
individual cell current and in opposite direction. The
measurement of the battery voltage change as the
influence of the imposed magnetic field is presented on
Fig.9 and the measurement setup is presented on
Fig.10. The distance of parallel conductor is equal to
the battery height, battery voltage is nominal value,
battery current is 1A for the time period of less than 5s.

Figure 8. FEM model results for temperature
distribution in the battery cell (transient analysis with
current pulse) [12]

CONCLUSION
The design of the battery pack is not just dependable of
the vehicle power drive energy demand, but for precise
control, it is necessary to have the model with all
parameters. It is shown that even the usually neglected
parasitic influence of transversal magnetic field in the
construction of battery block can cause substantial
damage. In further work coupled fields related to
connection that produce loop degradation of the whole
battery block will be taken into consideration. The
battery management is basically not able to solve or
detect problems within parallel cells that can cause
irreversible discharge process

Figure 9. Battery voltage change in depending on
imposed magnetic field caused by parallel conductor
current

Figure 10. Measurement setup for Hall effect influence
due battery design
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PROBLEMI PROJEKTIRANJA BATERIJSKOG PAKETA UTJECAJ POPREČNOG MAGNETSKOG POLJA NA
UNUTARNJE OTPORE BATERIJE
Tin Benšić, Željko Hederić, Marinko Barukčić, Miralem Hadžiselimović,
Nenad Cvetković, Dejan Krstić
Rezime: Baterijski paket predstavlja neophodan elemenat električnog vozila. Zato dizajn baterijskih paketa
značajno utječe na vozne karakteristike. Sustav upravljanja tokovima energije u električnom vozilu koristi visoko
frekvencijske komponente energetske elektronike koje uzrokuju više harmonike superponirane na istosmjernu
komponentu struje baterije. Ovaj rad proučava utjecaj raspodjele transverzalnog megnetskog polja unutar baterije
na dizajn baterijskog paketa i na parametre baterijskog modela. Istosmjerna komponenta transverzalnog
magnetskog polja unutar baterije uzrokuje Hallov efekt koji razmješta putanje iona unutar baterije te tako
negativno utječe na unutarnji otpor baterije. Izmjenična komponenta transverzalnog magnetskog polja u
električnim petljama unutar baterije inducira elektromotornu silu koja također uzrokuje negativne utjecaje na
parametre baterije.
Ključne reči: dizajn baterijskog sustava, Hallov efekt, unutarnji otpor baterije, transverzalno magnetsko polje.

53 | Safety Engineering

UDK 621.8.037:620.92
DOI: 10.7562/SE2017.7.02.02
Original article
www.safety.ni.ac.rs

SIMONA ILIE1
ILDIKO TATAI1
CIPRIAN SORÂNDARU2
MARIAN GRECONICI1
DUMITRU TOADER1
1

Politehnica University of Timisoara,
Faculty of Electrical and Power
Engineering, Department of Physical
Foundations of Engineering,
Timisoara, Romania

SYSTEM FOR SUPPLYING ELECTRIC
ENERGY WITH
ZERO CO2 EMISSIONS
Abstract: In this paper we are presenting an innovative system for
supplying cities and villages with electricity in a system with zero
carbon dioxide emissions with solar panels with Fresnel lens and
Stirling engines, into an automatized setup.
Key words: electrical energy, thermal energy, Fresnel lens, renewable
energy, Stirling engine.

2

Politehnica University of Timisoara,
Faculty of Electrical and Power
Engineering,
Department of Electric Engineering,
Timisoara, Romania
1

simona.ilie@upt.ro

INTRODUCTION
Climate change in recent years, as well as fears that
fossil fuel reserves will soon be exhausted, have led
scientists to focus their attention on alternative energy
sources. A renewable and almost free energy source is
the one obtained from the Sun using different
conversion systems.
The need to find alternative solutions for production of
electrical and thermal energy from renewable energy
sources is all the more important and urgent as, from
year to year, global demand for energy increases
significantly.
Therefore, the most effective solution we have to
reduce the energy bill is to act on the amount consumed
by increasing energy efficiency, i.e. by using renewable
energy sources [10].
The study of a thermoelectric power plant with Fresnel
lens and Stirling engine as an alternative source of
thermal and electric energy production may be a good
alternative to help us avoid the gloomy perspectives
regarding reserves of primary energy.
In order to obtain electric energy from the Sun, a small
power plant that includes a 0.52 m2 Fresnel lens and a
beta type Stirling engine has been built. The technology
can make significant contributions in order to reduce
carbon dioxide emissions and air pollution and to be
able to offer electric and also thermal energy to villages
and cities where classical systems do not exist or do not
cover the need for energy [1,2,8,9].
EXPERIMENTAL SETUP
A small power plant has been built. The power plant
contains: a Fresnel lens, a beta type Stirling engine with
a generator in order to obtain electric energy, a double
frame with two-axis systems following the Sun

automatically, the upper part supports the lens and at
optimal length from the focal point, the Stirling engine
with the generator. On the lower frame, the control
module for following the Sun on the sky is placed and
all the measurements equiments.
The piranometer is placed on the upper part, movind
together with the upper frame and the lens. At 2m
above, the anemometer registers the wind speed. The
datalogger, thermometers, multimeters and rest of
equipment is placed on the lower frame. In figure 1 it is
shown the upper part of the frame with the lens
altogether with the beta type Stirling engine and the
generator.
At the same time, one can not speak of a particular type
of solar collector as the best for the multitude of
systems and applications in which they can be used.
Factors such as system temperature, working
temperature, geographic position, solar radiation of the
place, type of installation, system lifetime; all of these
must be well identified and defined to be able to
dimension and choose the type of solar collector that is
most promising for what we want to install [15-21].
The Fresnel lens used is imaging type (reproducing the
Sun's image on the receiver, i.e. point-based focusing),
and it has been used in the solar-thermal plant in order
to benefit from it’s dual use: for direct heat and
electricity generation with the help of the Stirling
engine and the generator. The lens is thin and light,
reliable and durable, and although this type of lens can
induce energy losses through reflection on interfaces,
they are easy to use and correct with anti-reflective thin
layers. Also, the lens does not transmit all the light
intercepted to the focal spot due to those regions that
although they appear to be vertical, they form angles of
about 2 degrees, but this can be improved by modern,
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innovative and more accurate manufacturing
technologies [12-14].
In the small power-plant, a beta type Stirling engine
having a single cylinder in which a displacement piston
and a working piston are mounted on the same shaft
has been used, linked to a generator. The electrical
generator that converts the mechanical energy into the
electrical energy used in the experimental installation
has an operating voltage between 0.3-12 V, rated speed
2500 RPM, starting current 10 mA and maximum
torque 5.5 g/cm.
Experimental data was conducted in several stages,
with clear sky conditions, cloudy sky, and high wind
speeds.
In this paper, results from measurements in clear sky
conditions are presented. The experimentally
determined measurements were as follows: solar
radiation, wind speed, the temperature in the focal spot
on the Stirling engine, the temperature on the hot part
of the radiator, temperature on the radiator on the cold
side, the temperature inside the Stirling engine on the
lower part, voltage at the terminals of the electric
generator and current at different load resistances
[2,3,4,15].

The Virtual Acquisition 3 Signal.vi tool with the block
diagram presented in figure 2 allows the user to view
the signals acquired in the main panel (on the computer
screen), the voltage of the generator and load current
voltages. The purchased signals can be saved on the
computer's hard drive in a file that can be accessed and
used later.

Figure 2. The block diagram of the virtual instrument
for the acquisition of voltages and currents
Figure 3 shows the front panel of the virtual instrument,
indicating the value of the measured data as well as the
time variation of these measurements.
On the front panel of the virtual instrument the cases of
parameters are shown. These can be visualized,
modified and saved; as well as the location where the
file with data recorded in .txt can be exported. On the
panel the box labeled "sec", is the one that can permit
to set the step of the time for the program to write in to
the output file the registered measured values in .txt
format.

Figure 1. System with Fresnel lens and Stirling engine
In this setup, the Stirling engine uses as a working fluid
air, where the receiver is heated from the Sun with the
help of the concentrating Fresnel lens [2,3,4,6].

EXPERIMENTAL RESULTS
For the experimental determination of the voltage at the
terminals of the electric generator and the load current,
a Texas Instruments acquisition system has been used.
The data acquisition system uses the LabVIEW
programming environment [5]. The block-diagram is
shown in figure 2.
The program contains two virtual instruments, namely
Acquisition 3 signals.vi used to record the signals from
the acquisition board, and to configure it, respectively
Processing 3 signals.vi used for processing the voltages
and currents.

Figure 3. The front panel of the virtual instrument for
the acquisition of voltages and currents
In Table 1 the values of the voltage (U), the current (I)
and the power of the generator (P), the output
temperature of the Fresnel lens: (T1) temperature of
focal point of the Fresnel lens, on the top of the Stirling
engine, (T2) temperature of the hot zone, temperature of
the cold zone (T3) of the Stirling engine at certain time
values and load resistance are shown. Ambient
temperature was Tamb = 36Ԩ, variable wind speed
between 14.4 and 18.9 km/h.
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Table 1. Results of experimental setup
No.
1

Solar
Iavg
Pavg
R
n
T1avg T2avg T3avg Uavg
Rad.
[C]
[C] [V]
[A]
[W]
[Ω] [rpm] [C]
[W/m2]
848
1100 344 293 87,88 30,31 7,82 0,0068 0,05

Pmax
[W]
0,12

2

848

1000

318

267

93,14 30,86 6,43 0,0068 0,04

3

850

900

318

267

95,71 31,29 6,98 0,0039 0,02

0,09
0,09

4

854

700

591

540 106,33 31,00 8,24 0,0114 0,09

0,17

5

853

500

327

276 122,35 31,41 9,09 0,0173 0,15

0,24

6
7

851
851

300
100

541
404

490 135,17 30,75 8,62 0,0268 0,23
353 132,55 30,73 4,52 0,03 0,14

0,31
0,33

Figure 4 shows temperature dependence on the top part
of the Stirling engine (in the focal point) (T1), the
temperature of the hot zone (T2) and the temperature of
the cold zone (T3) of the Stirling engine depending on
time. From this diagram it is found that the temperature
in the focal point (on the Stirling engine) has an
important variation over time (35-57) s and range (7085) s.
The temperature of the focal point on the top of the
Stirling engine has a minimum value of 197°C and a
maximum value of 624°C.
Figure 5 shows the voltage dependence of the electric
generator over time at various load resistors, changing
the load resistance value in steps of 100 Ω from 100 Ω
to 1100 Ω. The internal resistance of the electric
generator was determined from the idling and shortcircuit tests, changing the generator's speed in the (8781268) RPM range in the beta type Stirling engine
The thermo-electric-solar power plant with Fresnel lens
and Stirling engine was placed on the roof of
Politehnica University of Timisoara, body C.

Figure 4. Temperature in the focal point on the top of
the Stirling engine - T1, on the hot side - T2, and at the
cold side - T3.

Figure 5. The evolution of the voltage in time
Unlike photovoltaic cells, where solar energy is directly
transformed into electricity, concentrated solar energy
can be used both to produce heat and electricity [11].
The results obtained and shown in this paper are
justified by the fact that the transfer of heat from the
source to the Stirling engine is influenced by the
atmospheric conditions. During the measurements the
environmental conditions were not the same, although
the sky was not covered by clouds, the wind speed was
quite large and variable in time, which is also observed
in figure 5, where the wind speed indirectly influences
the power of the system.
Also, the top of the Stirling engine is not isolated or
shielded from the environmental conditions, and
therefore, wind speed influences a lot the power of the
system.

CONCLUSIONS
Concerns about the use of renewable energy sources in
order to obtain electricity and heat is fully justified if
one considers the limited reserves of conventional
energy resources.
For this reason both at the European Union level and at
global level, a number of measures have been taken to
encourage resolving these concerns, including financial
ones. It is noteworthy that the extension of the use of
renewable energy sources contributes to the reduction
of pollution, thus implicitly to ensuring better living
conditions for the population.
Also, the use of solar concentrators allows the use of
Stirling motors to power the electric generators. Stirling
engines are reliable and have low running costs.
Among the various categories of concentrators, Fresnel
lenses have a good performance, which is why they are
most used.
The main advantages of the Stirling engines are: they
can use any heat source including solar energy; long
service life; the residual heat is easy to use; and the can
operate at low temperatures.
The use of solar thermoelectric power plants with
Fresnel lenses and Stirling engines requires optimal
design and several factors need to be taken into
consideration, such as: the location where the power
plant needs to be built; the solar energy source [7] -
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climate zone, the demand of energy, consumers choice,
types of materials used in the construction of the plant;
type of Stirling engine used; the type of lenses used
(with a linear or punctual focus). Achieving an efficient
thermo-electric-solar power plant is only possible in
areas where the solar radiation exceeds 800 W/m2.
The use of solar concentrators allows the use of Stirling
engines to power the electric generators. Stirling
engines are very reliable and have low running costs.
Among the various categories of concentrators, Fresnel
lenses have a good efficiency, over 80 %.
The thermo-electric-solar power-plant equipped with
automatic two-axis systems is more expensive but also
the most efficient because the Fresnel lens is
automatically positioned so that the sun rays have the
lowest incidence angle (tends to zero) throughout the
course of the day.
It is noted that the temperatures of the Stirling engine
on the focal point (T1), in the hot zone (T2) or the cold
zone (T3) of the Stirling engine show very long and
irregular variations, which also justifies the time
variation of the voltage at the electric generator
terminals.
This solution can be implemented for any area,
urban or rural, in any part of the world where good
solar radiation and atmospheric conditions are present.
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SISTEM ZA SNABLjANjE ELEKTRIČNE ENERGIJE ZA
NULTU EMISIJU CO2
Simona Ilie, Ildiko Tatai, Ciprian Sorândaru, Marian Greconici, Dumitru Toader
Rezime: U ovom radu predstavljamo inovativni sistem za snabdevanje gradova i sela sa električnom energijom u
sistemu sa nultom emisijom ugljen-dioksida sa solarnim panelima sa Fresnel objektivom i Stirling-ovim motorima,
u automatizovanu konfiguraciju.
Ključne reči: električna energija, toplotna energija, Fresnel sočivo, obnovljiva energija, Stirling motor.
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Abstract: In this paper magnetic field of electrical radiant heating
system (ERHS) is considered. Typically, cable system of ERHS is
planar, and it can be built into the floor, wall or ceiling. The magnetic
field generated by ERHS depends on the intensity of the current, which
in turn depends on the size of the heating area. According to our
results, single wire ERHS can generate magnetic field considerably
higher than the background field.
Key words: Electrical radiant heating system, magnetic field,
magnetic field exposure.

INTRODUCTION
Rising number of electrical devices increases the level
of magnetic field at our homes. Electrical heaters may
generate considerable part of it. The European
recommendation for magnetic flux density reference
level at 50 Hz is 100 µT for the general public [1].
Serbian national rulebook [2] established the reference
level of 40 µT, which is 2.5 times lower than the
European recommendation. There is ongoing
discussion whether the magnetic flux density below the
reference level causes any health effects. However,
some epidemiological studies reported a possible
association between prolonged exposures to magnetic
field higher than typically found at homes, although
well below the reference level. Findings reported in [3]
are related to increased rates of childhood leukaemia.
According to [3], increased risk starts at level several
hundred times lower than the reference level. Studies
reported in [4] indicate that increased risk starts as low
as 0.4 µT or even lower.
According to [5], [6], the average level of magnetic
flux density ranges from 0.025 μT to 0.07 μT at homes
and typically is ten times higher at workplaces.
In this paper magnetic flux density generated by an
electrical radiant heating system (ERHS) is considered.
Heating element of ERHS typically consists of electric
cables built into the floor. Other ERHS may also
include wall or ceiling mounted radiant panels, see Fig.
1.
The magnetic field of an ERHS depends on the current
in the system, which may be up to 15 A, see e.g.[7].
The intensity of the current depends on the power of
the ERHS, which is closely related to the size of
heating area. Furthermore, the layout of the conductors
varies with shape and size of the room. An ERHS can
be realized as a single wire or a twin wire system. It is
well known that the magnetic field produced by a twin
wire ERHS is considerably lower than the magnetic
field produced by a single wire ERHS. However, the
single wire ERHS is popular due to its lower price. In
what follows a single wire ERHS is considered.

Figure 1. Examples of an ERHS built into the floor,
wall and ceiling mounted

CALCULATIONS
The magnetic field calculations are performed both
analytically and numerically. The analytical
calculations are based on Bio–Savart law, where the
conductors are modelled with current filaments in the
air. Numerical calculations are based on finite element
method (FEM) and performed in Comsol 3.5 software
package. These two methods are compared on an
example of EHRS heating element built into the floor,
in a room of size 4 x 4 m, with the layout illustrated in
Fig. 2.

Figure 2. The example of ERHS heating element.
Reference direction of the current is indicated by
arrows
The results for magnetic flux density distribution at
height 30 cm above the conductors is presented in Figs.
3(a) and 3(b). Fig 3(a)is obtained starting from BioSavart low, whereas Fig. 3(b) is obtained by FEM.
Presented results are in very good agreement, thus
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giving the advantage to the analytical method which is
less time consuming and requires less computer
memory. Accordingly, in what follows, only analytical
method is used. The calculated values of the magnetic
flux density correspond to the current of I = 1 A. Since
magnetic flux density is linearly proportional to the
current, the results obtained for I = 1 A can be easily
scaled up or down for arbitrary current. For example,
for the layout presented in Fig. 2, the current of 10 A
generates ten times stronger magnetic flux density, that
is, up to 5 µT.

Thus, in order to simplify the description of the heating
element, the strip is divided into unit cells. Each unit
cell consists of four parts numbered with
n  1, n  2, n  3 and n  4, where n  0, , N max  1
and N max denotes the number of the unit cells. As an
example, two consecutive unit cells are presented in
Fig. 4(a). Furthermore, each part of the unit cell is
modelled with K max line conductors carrying current
I K max , where I denotes the current in the strip. Model
of two consecutive unit cells for K max  5 is shown in
Fig. 4(b). Since each part of the unit cell is modelled
with K max line conductors, it follows that each unit cell
is modelled with 4 K max line conductors.

Figure 4. Two unit cells of (a) aluminium strip and (b)
model with Kmax = 5 line conductors

Figure 3. Magnetic flux density 30 cm above the
conductors, I=1 A, obtained by (a) analytical
calculations and (b) FEM
Magnetic flux density of the heating element
One of the types of heating elements for underfloor
ERHS is realized with aluminium strip. In such type of
the heating system, the aluminium strip is placed on the
floor area and in a big loop returns to the connection
point. In this section, we describe the procedure for the
magnetic field calculation in vicinity of such type of
the heating element. For others types of heating
elements, which include the wall mounted or ceiling
mounted heating elements, these procedure for
magnetic field calculation is also applicable.
In order to cover the floor, aluminium strips should be
bended and folded usually according to some regular
pattern. Typically, the layout of the strip repeats some
basic motif on the floor. Therefore, the major part of
the heating element can be described by repeating the
same basic motif. In what follows, such basic motif is
referred to as a unit cell.

Parts numbered with n  1 and n  3 are horizontal
parts starting from the left hand side and the right hand
side, respectively. Parts numbered with n  2 and
n  4 are vertical parts, which are placed on the right
hand side and the left hand side, respectively.
Moreover, the (n  2)nd part starts where the (n  1)st
part ends, (n  3)rd part starts where the (n  2)nd part
ends, and so forth.
Let a denote the width of the aluminium strip and
s the separation between the adjacent edges of
horizontal parts of the strip. Here we provide the
description of the coordinates of the starting and ending
points of the line conductors used to model one unit
cell. For (n  1)st unit cell modelled with 4 K max line
conductors, the x and y coordinates of the starting
points can be expressed as
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x(4n  1, k )  Dx  (2k  1)d ,
y (4n  1, k )  Dy  (2k  1)d  2n( s  a),
x(4n  2, k )  Dx  (2k  1)d  Lx ,
y (4n  2, k )  Dy  (2k  1)d  2n( s  a),

(1)

x(4n  3, k )  Dx  (2k  1)d  Lx ,
y (4n  3, k )  Dy  (2k  1)d  s  (2n  2)( s  a ),
x(4n  4, k )  Dx  (2k  1)d ,
y (4n  4, k )  Dy  (2k 1)d  s  (2n  2)( s  a),

where

n  0,, N max  1, k  1, , K max

and

d  a (2 K max ). The end points of each line conductor
can be obtained from
xe (m, k )  xb (m  1, k )
(2)
ye (m, k )  yb (m  1, k ),
for m  1, , 4 N max  1 and
xe (4 N max , k )  Dx  (2k  1)d ,
ye (4 N max , k )  Dy  (2k  1)d  2 N max ( s  a).

(3)

Furthermore, magnetic flux density of the heating
element can be calculated by superposition of the
magnetic flux densities generated by the straight line
conductors. Thus, for N max unit cells containing four
parts, where each part is modelled with K max line
conductors, the magnetic flux density vector generated
by the heating element at point ( x, y, z ) can be
calculated as
K max 4 N max 

B ( x, y, z )    Bm , k ( x, y, z ),
(4)
k 1 m 1


where Bm , k ( x, y, z ) denotes the magnetic flux density

of the line conductor starting at the point with
coordinates ( xb (m, k ), yb (m, k )) and ending at the point
( xe (m, k ), ye (m, k )). In order to use (1)-(3) notice that
n   (m  1) 4  , where  (m  1) 4  denotes the largest
integer not greater than (m  1) 4. Thus, each m can be
expressed as m  4n  n, where n  {1, 2,3, 4}. The
reference direction of the current in each line segment
is toward the end point. In the special case of the
heating element realized with the single wire, the
magnetic flux density can be calculated according to
the procedure described above with K max  1.

Figure 5. Magnetic flux density at the plane 10 cm
above the strip calculated with
(a) Kmax = 3 and (b) Kmax = 52

Here we consider the effect of the value of K max on the
accuracy of the magnetic flux density calculation. The
magnetic flux density of the strip containing N max  10
unit cells calculated with K max  3 and K max  52 are
presented in Figs. 5(a) and 5(b), respectively. The strip
width is a  11cm, separation s  5cm, current in the
strip I  1A, and the field is calculated at the plane
10 cm above the strip. The positions of the line
conductors used to model the strip are indicated by the
solid lines. It is easy to see that the magnetic flux
densities calculated for K max  3 and K max  52 are in
very good agreement. Since, the result obtained with
K max  52 can be considered to be exact for the strip
with uniform distribution of the current, it follows that
the choice of K max  3 provides sufficiently accurate
calculation, which is considerably faster. Maximal
magnetic flux density calculated for K max  3 and
K max  52 is
equal
to
1.75μT, and
1.73μT, respectively.
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Moreover, from Fig. 5(a) and 5(b) it can be observed
that the magnetic flux densities generated by the inner
horizontal parts partially cancel each other. On the
other hand, this is not the case with the magnetic flux
density generated by the outer parts. Thus, at least in
the first approximation, magnetic flux density
generated by this type of the heating element can be
estimated by calculating the magnetic flux density of
the single loop which overlaps with the outer parts of
the heating element.

Table 1. Measured and calculated values of the
magnetic flux density at three different heights above
the EHRS sample.



Point
No.

Heigh
[cm]

Bmeas
[μT]

Bcalc
[μT]

[%]

1

20

20.9

19.5

6.69

2

40

9.97

9.07

9.03

3

60

5.08

4.41

13.18

MEASUREMENTS
The magnetic flux density of an ERHS sample, whose
layout is shown in Fig. 6(a), is measured along z – axis
at three different heights (20 cm, 40 cm, and 60 cm)
above the middle part of the sample, as illustrated in
Fig. 6(b). The ERHS sample is made of folded 5.5 cm
wide aluminium strip, with separation of 2 cm between
the adjacent edges. For themeasurements,EFA-300
field analyser (Fig. 6(c)) is used. The magnetic flux
density is measured at 50 Hz with isotropic magnetic
field probe with 10 cm2 cross-sectional area [7]. During
the measurements, the rms value of the current in
ERHS sample was 42 A.

The calculated values of the magnetic flux density
distributions above the sample at tree planes parallel to
the sample are presented in Fig. 7.

Figure 6. (a) Photo of the ERHS sample,(b) layout of
the sample and (c) EFA-300 with magnetic field probe

The results of the measurements (Bmeas) and
calculations (Bcalc), based on the model described in the
previous Section, are compared in Table I. The relative
difference between measured and calculated values
(fifth column in Table I) are obtained from the
following formulae

 [%]  1 

Bcalc
100.
Bmeas

(5)

According to Table I, the measured and calculated
results are in good agreement. These results provide
another verification of the model proposed in this
paper.

Figure 7. Magnetic flux density at the planes 20, 40,
and 60 cm above the EHRS sample calculated with
Kmax = 10
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CONCLUSION
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MAGNETNO POLJE SISTEMA GREJANJA
ELEKTRIČNOG RADIJENTA
Miodrag Milutinov, Anamarija Juhas, Neda Pekarić-Nađ
Rezime: U ovom radu je razmatrano magnetsko polje koje generišu provodnici sa strujom kao deo sistema
električnog grejanja. To su sistemi sačinjeni od kablova koji mogu biti postavljeni u podu, zidu ili plafonu
prostorije. Magnetsko polje u okolini tih sistema pre svega zavisi od jačine struje, koja opet zavisi od veličine
prostora koji treba zagrejati. Na osnovu rezultata prikazanih u radu, može se zaključiti da električno podno
grejanje izvedeno sa jednožilnim kablovima može stvoriti značajno veliko magnetsko polje u odnosu na dozvoljene
referentne granične vrednosti.
Ključne reči: električno podno grejanje, magnetsko polje, izloženost.
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Abstract: Fire protection systems present very complex real time
systems that comprehend many different parts. Fire detectors present
one of those parts. Fire detectors could be divided on several different
ways depended on criteria. Very frequently used detectors in many fire
protection systems were heat and smoke detectors. Their main role is
to detect fire at early stage. Their number and arrangement in object
is strictly regulated by proper standards. For some cases, there were
certain differences between standards. This paper has written to show
the potential arrangement of smoke and heat detectors in object with
hallways realized by simulation in PyroSim 2012 simulator.
Key words: detector, arrangement, simulation.

INTRODUCTION
The design of adequate fire system presents one of the
most important tasks in objects design. It is very
complex and responsible task that depends from many
different factors, such as object purpose, object
geographic location, nature and human surrounding of
the object and similar. The main role of every fire
protection system is the detection of fire at the early
stage in order to protect and safe human lives and
material properties. That implies that every part of fire
protection system must working and functioning
correctly and accurate. But, even with the strict respect
of valid standards and regulates, the unpredictable
situations with unpredictable fire development and very
often, with human victims, could be occurred. This
shows that fire protection systems, with all theirs parts,
have to be constantly improved, in technical sense.
Fire protection system consists of many different parts,
where the one of the most important parts is detector.
This term “detector” is very frequently equalled with
term sensor, but, many literatures, for example AngloSaxon, consider that detector presents wider concept
than sensor and it comprises three parts: sensor part,
converter part and part for signal conditioning (setting
the amplification, filtering and normalization of the
signal). The detector or sensor term doesn’t mean the
presence of the energy source for its functioning. Fire
sensors could be divided on different ways and in
dependence of different criteria (for example,
according to activation way, according to work
principle, according to response way and similar).
Very important task in fire protection is to define the
correct and enough number of fire detectors for every
supervised surface and precise determine their
positions. There are more standards that treat this
scope, such as: BS (British Standard), NFPA (National
Fire Protection Association), НПБ 88-2001 (Нормы
пожарной безопасности), DIN VDE 0833-2 and
other.

In the ideal case, the needed number of fire detectors
and theirs arrangement could be realized very simply: it
is needed to divide supervised area with detector`s
supervised area. But, in real, there are many other
factors that could have great influence on fire detectors
arrangement and number, such as shape and slope of
the object`s roof, detectors distance from electric
installation, the presence of barriers, potential usage of
ventilations and air conditions devices during work
time and similar. The most important thing is that fire
detectors arrangement for every room or object must
detect fire at early stage without appearances of false
alarms. Of course, there are special cases for fire
detectors arrangement that demand different approach
and modifications.
Stairs present very interesting special case for fire
detectors arrangement and decline from elementary
regulates according to room’s surface and height. The
general rule implies that at least one fire detector
should be positioned on stairs, right on the last floor`s
roof. This rule is not valid unless there are presences of
separations by doors between floors. In that case, the
detectors are positioned on the floor in front of those
doors. The detectors are positioned with arrangement
that one detector is positioned on each three floors if
the stairs height is bigger than 12 m and if there are no
obstacles.
The distances of fire detectors from walls, furniture,
stuff and many similar obstacles must not be less than
0.5 m unless in cases for hallways or object`s parts with
width less than 1 m. If the furniture height in the room
is less than 30 cm from the floor, they should be treated
as septum walls because they stop smoke propagation.
In the passages, hallways and similar spaces with the
width less than 3 m, distances between detectors could
be 10 m, for heat detectors and 5 m, for smoke
detectors. Also, one very important thing is, in the case
with hallways crosses, one detector must be positioned
at the cross place, related to the fact that maximal
covering surfaces of detector shouldn’t be transcended.
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In the hallways and similar narrow rooms, the smoke
spreading is directed which enables bigger distance
between detectors, with the rule that dimension of
supervised surface must be the same. That means that
in the rooms with the width less or equal with the half
of the distance (0.5 S), distance between detectors
could be increased up to relation of Smax=1.6 Am ,
what is presented on figure 1 and 2.

Figure 3. Maximal distance between detectors in
hallways

SIMULATION MODEL

Figure 1. The rules for fire detectors arrangement in
hallways (figure source: Blagojević, Đ. M.:
Alarm systems)

Figure 2. Maximal distance between detectors in
hallway (figure source: Blagojević, Đ. M.:
Alarm systems)
In some western countries standards, (for example, in
British standards) the term for hallway (narrow rooms)
is related for width of 5 m, so the rule for detector`s
installation in this case is different. For hallways and
corridors with length less than 5 m, if all other
neighbour rooms are protected with detectors, the half
of difference from 5 m and real hallway width is added
on maximal allowed distance. Maximal distances
between detectors in hallway according to the British
standard are presented on figure 3 [1], [8], [9], [11].

Simulation model for this paper was created in
PyroSim software, version 2012. This software presents
a power graphical user interface for the Fire Dynamics
Simulator (FDS). FDS models can predict smoke,
temperature, carbon monoxide, and other substances
during fires that enables analyze under different fire
situations and scenarios [2]. This software has many
great possibilities and present very important
engineering tool in fire protection systems design. One
of the most important possibilities of this software is
that every fire scenario could be analysed and
simulated without any endanger of human lives and
material properties.
Simulation model used for this purpose implied object
with dimensions 38.3 m x 28.51 m x 3.2 m. The object
had 15 different rooms with three long hallways. Walls
of the object were from concrete with thickness of 0.2
m. There were 25 cupboards with different dimensions
(width and height) made from oak wood and pine wood
positioned in rooms. Also, there were 8 desks and 4
chairs made by plywood and metal parts positioned in
the rooms. These objects were not visible on every
figure because of HIDE function. The fire source was
modelled as burner with dimensions of 0.5 m x 0.5 m
and HRR (Heat release rate per area) of 450 kW/m2.
The burner’s positions were, for the first case, in the
small room at the cupboard (marked on figure 1) while
for the second case burner`s position were in the room
near the object`s entrance, also at the cupboard (marked
on figure 2).
2D object simulation model and 3D object simulation
model in Pyrosim with marked burner`s positions and
arrangement of heat and smoke detectors are presented
on figures 4 and 5 [1], [7], [10], [12].
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28,51 m

38,3 m

Figure 4. 2D object simulation model in Pyrosim 2012
with marked burner`s position and heat and smoke
detectors arrangement

Figure 6. The presentation of the potential fire
propagation after 12 seconds for the first case

Figure 5. 3D object simulation model in Pyrosim 2012
with marked burner`s position and heat and smoke
detectors arrangement

Figure 7. The presentation of the potential fire
propagation after 85.2 seconds for the first case

FIRE SIMULATION AND SIMULATION
RESULTS
The simulations were realized on laptop Lenovo B5130-80LK00H6YA with Intel Pentium N3700 1.6 GHz
(2.4 GHz), four cores, TDP 6W, 4GB of DDR3L
memory at 1600MHz). The simulation time was set on
300 seconds for every simulation. The durations of
complete simulations on noted laptop were about 22
hours, average. The simulation duration depends from
many different factors, especially from simulation
model complexity and mesh cells dimensions.
Realized simulation results for both cases in form of
snapshots are presented on figures from 6 to 8, for the
first case, and on figures from 9 to 11 for the second
case.

Figure 8. The presentation of the potential fire
propagation after 298.8 seconds for the first case
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Figure 9. The presentation of the potential fire
propagation after 18 seconds for the second case

Figure 10. The presentation of the potential fire
propagation after 115.2 seconds for the second case

Figure 11. The presentation of the potential fire
propagation after 290.4 seconds for the second case

Realized simulation results for the first case in form of
diagrams, as examples for the nearest and farthest
smoke and heat detector, are presented on figures from
12 to 15, because of the limit size of this paper. The
complete numbers of diagrams for both cases were 36,
what significant exceeded paper size.
It is also important to note that the reaction temperature
for heat detectors was 75 C and the response time
index (RTI) was 100 m½s½, while the activation
threshold for smoke detectors was 3,25 % of
obscuration.
The complete simulation results for every smoke and
heat detector apart during simulation time are presented
on figures 16 and 17. The positions of smoke and heat
detectors on figures 16 and 17 were the same as the
positions of those detectors in simulation and on figures
4 and 5 [1], [3].

Figure 12. Simulation results for the nearest smoke
detector for the first case

Figure 13. Simulation results for the farthest smoke
detector for the first case
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Figure 14. Simulation results for the nearest heat
detector for the first case

Figure 17. The complete simulation results for both
cases for every heat detector apart

ANALYZE OF SIMULATION RESULTS

Figure 15. Simulation results for the farthest heat
detector for the first case

Realized simulation results showed two potential cases
of the fire and smoke propagation at the object with
hallways where the fire started. Both cases purported
fire with great smoke propagation. Burners for both
scenarios were positioned on the cupboard made by oak
wood.
Complete results presented on figure 16 showed
reaction time for every smoke detector apart. The
nearest smoke detector for the first case reacted for 49
seconds, while the nearest smoke detector for the
second case reacted for 39 seconds. In both cases, two
the farthest smoke detectors didn’t react because
conditions for detector`s activation didn’t realize (the
obscuration was less than 3.25%).
Complete results presented on figure 17 showed
reaction time for every heat detector apart. The
temperature for the nearest heat detector for the first
case was 38 °C, while the temperature for the nearest
smoke detector for the second case was 42 °C. The
temperatures for the farthest detectors, for both cases
were barely more than 20 °C. In both cases, none of the
positioned heat detectors reacted, what was
approximately expected related to the fact that the
burners HRR were 450 kW/m2.

CONCLUSION

Figure 16. The complete simulation results for both
cases for every smoke detector apart

The simulation of the fire and smoke propagation for
presented object with hallways showed realized results
for smoke and heat detectors positioned in object
according to presented arrangement. As it was noted,
hallways present special cases in fire detectors
arrangement and demand different rules for fire
detectors than other classic objects and object`s parts.
The importance of realized results was in the
determining of fire and smoke propagation directions
and in determining of reaction times for both types of
detectors. Of course, other arrangement of heat and
smoke detectors was possible but it is important to note
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the fact that bigger number of detectors bring small
benefit in sense of detection but significantly increase
the price.
Generally, simulation results enable to determinate all
potential directions of the fire, smoke and flame
propagation, to note and eliminate errors made in the
object`s fire protection system design and realization,
what is , in real situations, very often uneconomic and
hard for realization [13].
Very important benefits that could be gained by
simulation are the prediction of the potential evacuation
routes and complete time needed for evacuation of all
occupants inside some particular object, which is of the
crucial importance according to the human safety,
especially in the objects with lot of humans inside, such
as schools, sanitary objects, residential objects,
nurseries etc. Very easy and safely, the speeds of
occupants and speeds of fire and smoke propagation
could be compares and analysed [4], [5], [6].
This paper again showed the significance of simulation
software usage. On the realized simulation model, it is
possible to analyse fast and safely, many different
effects that could be occurred during fire, such as air
flow influence on fire and smoke propagation, nozzle
arrangement and influence on fire etc.

2015, Vol 12, No 2, pp. 253-260, ISSN 0354-804X, Niš,
Serbia.
[7] R. B. Jevtić: “Selection of the fire detectors and their
arrangement in object“, Bezbednost, 2015, UDK
343+351.74./75(05), YU ISSN 0409-2953, Vol 1/2015,
pp.197-215, Belgrade, Serbia.
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RASPORED DETEKTORA DIMA I TOPLOTE U HODNICIMA
Radoje Jevtić, Milan Blagojević
Rezime: Sistemi za zaštitu od požara predstavljaju veoma kompleksne sisteme koji rade u realnom vremenu i
sastoje se od mnogo različitih delova. Detektori požara predstavljaju jedan od tih delova. Detektori požara mogu
biti podeljeni na nekoliko različitih načina u zavisnosti od kriterijuma. Veoma često korišćeni detektori u mnogim
sistemima za zaštitu od požara su detektori dima i toplote. Njihova glavna uloga je da detektuju požar u ranoj fazi.
Njihov broj i raspored u objektu su strogo regulisani odgovarajućim standardima. U nekim slučajevima, postoje
određene razlike u standardima. Ovaj rad je napisan da pokaže mogući raspored detektora dima i toplote u
objektu sa hodnicima realizovan simulacijom u PyroSim 2012 simulatoru.
Ključne reči: detektor, raspored, simulacija.
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ENVIRONMENTAL PROTECTION
SYSTEM OF MINING AND ENERGY
COMPLEXES BASED ON THE USE OF
THE AHP METHOD FOR THE
RANKING OF INDICATORS AND
WATER POLLUTION EFFECTS
Abstract: Use of the Analytic Hierarchy Process (AHP)
methodology for the assessment of mining and energy complex
impact on water quality involves the ranking of key
environmental aspects and the prioritization of environmental
protection measures. This paper reduces the choice of
indicators to four dominant effects of operational activities,
which to the largest extent disturb the quality of basic
environmental elements. The criteria were developed with the
aim to facilitate the comparison of results from multiple mining
and energy complexes, improve safety system modelling, and
facilitate the assessment of the effects of critical operational
activities on water quality.
Key words: environmental, energy complex, indicators, safety
engineering, water

INTRODUCTION
We performed a pairwise comparison of the
assessments of the impact of coal mining on water
quality in order to establish the first and second rank of
the impact of the effects of key operational activities.
This paper considers the impact of the mining and
energy complex in Kostolac, which incorporates three
surface mines (Ćirikovac, Klenovik, and Drmno) and
two thermal power stations (TE “Kostolac A”
(100MW) and TE „Kostolac B“ (2x348.5 MW)) [1].
Based on the Reports on Emission Values [2] it can be
concluded that the smoke channels of thermal stations
TE “Kostolac A”, Block 1, Boiler 1; TE “Kostolac A”,
Block 1, Boiler 2; TE “Kostolac A”, Block 2; TE
“Kostolac B”, Block 1; and TE “Kostolac B”.
Management of environmental systems based on the
Analytic Hierarchy Process (AHP) increases the level
of objectivity and reduced personal views to a
minimum. The concept of this model was developed by
Thomas Saaty in 1978 [3,4].
The assessment of the impact of mining and energy
complexes on water quality was performed based on
the effects, ranked as follows: untreated pit water
runoff into the surrounding soil (E1), runoff of
overflowing and drainage water from tailings ponds
and ash-holes into groundwater courses (E2), release of
process water used for boiler rinsing and slag slaking
and cooling into the recipient (E3), and runoff of
atmospheric precipitation contaminated with coal dust
(E4).

ENVIRONMENTAL ASPECTS OF THE
MINING AND ENERGY COMPLEX
The importance of the selected environmental aspects
that typically disturb water quality, shown in Table 1,
enables the application of the decision-support program
that pertains to the definition of aspect importance. The
ranking of aspects and the definition of importance (I)
are based on the value of the product of impact level
(IL) and the likelihood of occurrence (L) [5].
The first phase of AHP use involves the assessment of
importance of selected criteria for the choice of key
operational activities. Comparison of importance
assessments of selected criteria in terms of defining
priority environmental protection measures is based on
a matrix comparison of assessment pairs of criteria C1,
C2, and C3. Assessment of importance (I), weight
coefficients (W), and ranks (R) of comparison of the
impact of defined criteria in relation to key
environmental aspects [5,6].
This matrix (A1) presents the assessments of the
criteria. Aspect importance assessments, results of
pairwise comparison of selected criteria, and weight
coefficients are given in table 2 and 3.
The second phase of AHP use is based on the
importance assessment for the effects of operational
activities, which degrade environmental quality.
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Table 1. List of water quality disturbance aspects dueto activities of “Kostolac” mining and energy complex

Environmental aspects of the mining and energy complex
1

Unfavourable location of the mine in relation to the catchment area

2

Irregular treatment of pit water

3

Increased area of covered humus layer

4

Tailings pond drainage

5

Irregular treatment of tailings pond leachate

6

Atmospheric precipitation runoff from roads into groundwater courses

7

Oil runoff by atmospheric precipitation from roads and loading/unloading sites

8

Road sprinkling and polluted water runoff into groundwater courses

9

Atmospheric precipitation runoff from roads into surrounding soil

10

Release of untreated process wastewater

11

Release of process water used for slag slaking and cooling

12

Improper sludge disposal

13

Ash-hole rinsing by atmospheric precipitation

14

Increased concentration of heavy metals in leachate, overflowing, and drainage water

15

Dam failure and flowing of water and ash into the recipient

Table 2. Aspect importance assessments, results of pairwise comparison of selected criteria
Criteria

Assessments

C

W

C1

2

1

2

C2

2

3

6

C3

1

1

1

R

I

Results of pairwise comparison

Matrix
A

A1

C1

 1
  5
 1 / 3

C2

C3

C1

C2

C3

1/5
1
1/8

3
8 
1 

1. 0000

0.2000

3. 0000

5. 0000

1. 0000

8. 0000

0.3333

0.1250

1. 0000

Table 3. Results of pairwise comparison of selected criteria - weight coefficients C
Criteria

Rang

Weight coefficients

C1

0.18

II

C2

0.73
0.07

I
III

C3

The assessment was performed in relation to oversights
in the organization of the management system (C1),
lack of finances for safety measure implementation
(C2), and the response of environmental organizations
and the public (C3). Matrix pairwise comparison of
importance assessments of operational activities E1,
E2, E3, and E4 in relation to criteria C1, C2, C3, and

C4 is shown in matrices A1, A2, and A3. The results of
pairwise comparison of assessments of the effects of
operational activities E1, E2, E3, and E4 were
determined in relation to the selected criteria C1, C2,
C3, and C4. The results of the second phase of AHP
use are given in table 4 and 5.
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Table 4. The results of pairwise comparison of assessments of the effects of operational activities

C

I

II

III

Assessments

SC

W

R

I

SC 1

3

2

6

SC 2

3

2

6

SC 3

2

1

2

SC 4

2

2

4

SC 1

3

3

9

SC 2

3

2

6

SC 3

3

1

3

SC 4

2

2

4

SC 1

2

1

2

SC 2

1

1

1

SC 3
SC 4

1

1

1

1

1

1

Results of pairwise comparison

Matrix
A

A1

A2

A

3

SC 1

 1
 1
 
1 / 5

1 / 2

 1
1 / 2
 
1 / 5

1 / 4


1
 
1

1

SC 2

1

SC 3

1

5
1
3

E1

E2

E3

E4

1. 0000

1. 0000

5. 0000

2. 0000

1. 0000

1. 0000

5. 0000

2. 0000

0.2000

0.2000

1. 0000

0.3333

0.5000

0.5000

3. 0000

1. 0000

4 
2 
1/2

1 

1. 0000

2. 0000

5. 0000

4. 0000

0.5000

1. 0000

3. 0000

2. 0000

0.2000

0.3333

1. 0000

0.5000

0.2500

0.5000

2. 0000

1. 0000

3 
1 
1 

1 

1. 0000

3. 0000

3. 0000

3. 0000

0.3333

1. 0000

1. 0000

1. 0000

0.3333

1. 0000

1. 0000

1. 0000

0.3333

1. 0000

1. 0000

1. 0000

2 
2 
1 / 3

1 

5

1/5
1/2

SC 4

2

5

1

3

1/3
1/2

1
2

1
/ 3

3
1

3
1

/ 3

1

1

/ 3

1

1

Table 5. Results of pairwise comparison of selected criteria - weight coefficients SC
C

SC
SC 1

I

SC 2
SC 3
SC 4
SC 1

II

SC 2
SC 3
SC 4
SC 1

III

SC 2
SC 3
SC 4

Rang

Weight coefficients

0.36
0.36
0.07
0.19

I
I
IV
SC 1

SC 2

SC 3

SC 4

III

0.50
0.26
0.08
0.14

I
II
III

0.50
0.16
0.16
0.16

I
II
II
II

IV

The third phase of AHP use involves the assessment of
importance of the effects of key operational activities
for environmental quality degradation. The assessment
was performed in relation to environmental effects
of operational activities. Pairwise comparison of
assessments of operational activity effects in relation to
the sub-criteria SC1, SC2, SC3, and SC4 is shown in
matrices A1, A2, A3, and A4. Effect assessments and

(SC1), employees (SC2), stakeholders (SC3), and the
financial status of the mining and energy complex in
the event of accidents (SC4). We assessed the degree of
impact and the probability of occurrence of the effects
the results of pairwise comparison of matrix-presented
assessments of operational activities E1, E2, E3, and
E4 in relation to the selected criteria SC1, SC2, SC3,
and SC4 are given in table 6 and 7.
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Table 6. Effect assessments and the results of pairwise comparison of matrix-presented assessments of
operational activities

SC

I

II

III

IV

Assessments

E

W

R

I

E1

2

2

4

E2

3

2

6

E3

1

3

3

E4

3

2

6

E1

1

1

1

E2

1

1

1

1

E3

1

1

E4

1

1

1

E1

2

2

4

E2

2

1

2

E3

2

1

2

E4

2

2

4

E1

3

2

6

E2

3

2

6

E3

2

3

6

E4

1

2

2

Results of pairwise comparison

Matrices
A

E1

 1
 2
A1  
1 / 2

 2

A

2

1
1
 
1

1

E2

E3

1/ 2

2

1
1/ 3

3
1

1

3

E4

1/ 2
1 
1/ 3

1 

1

1

1
1

1
1

1

1

1
1 
1

1

 1
1 / 3
A3  
1 / 3

 1

3
1
1
3

1 
1 / 3 
1 / 3

1 

 1
 1
A4  
 1

1 / 5

1
1

1
1

1
1/ 5

1
1/ 5

3
1
1
3

5
5 
5

1

E1

E2

E3

E4

1. 0000

0.5000

2. 0000

0.5000

2. 0000

1. 0000

3. 0000

1. 0000

0.5000

0.3333

1. 0000

0.3333

2. 0000

1. 0000

3. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

1. 0000

3. 0000

3. 0000

1. 0000

0.3333

1. 0000

1. 0000

0.3333

0.3333

1. 0000

1. 0000

0.3333

1. 0000

3. 0000

3. 0000

1. 0000

1. 0000

1. 0000

1. 0000

5. 0000

1. 0000

1. 0000

1. 0000

5. 0000

1. 0000

1. 0000

1. 0000

5. 0000

0.2000

0.2000

0.2000

1. 0000

Table 7. Results of pairwise comparison of selected criteria - weight coefficients E
SC

E
E1

I

E2
E3
E4
E1

II

E2
E3
E4
E1

III

E2
E3
E4
E1

IV

E2
E3
E4

Weight coefficients

Rang

0.18
0.35
0.10
0.35

III
I
III
I

0.25
0.25
0.25
0.25

I
I
I
I

0.37
0.12
0.12
0.37

I
III
III
I

0.31
0.31
0.31
0.06

I
I
I
IV
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Aspect importance indicates that activities 1, 10, 2, 13,
14, and 15 have priority in the resolution of water
pollution issues. Figure F.3q shows the results of
calculated impact of untreated pit water runoff (1),
runoff of overflowing and drainage water from tailings
ponds and ash-holes (2), release of process water used
for boiler rinsing (3), and runoff of atmospheric
precipitation contaminated with coal dust (4). The
presented results, obtained by the use of the theory of
probability and the AHP (F.3q), suggest a necessity for
a priority-based problem solving, such as: release of
untreated pit and process water, disposal of ash pulp
with high water content, and unfavourable location of
the mine in relation to the catchment area.
Based on the presented results of priority ranking in the
elimination of the effects, we observed a negative
impact of operational activities of the mining and
energy complex on air, water, and soil quality,
exemplified by runoff of untreated pit water into the
surrounding soil (E1), with importance rank one
according to all the defined criteria (C1, C2, C3, and
C4), runoff of atmospheric precipitation contaminated
with coal dust (E4), ranked first according to the
assessment of the impact on the environment (SC1),
employees (SC2), and stakeholders (SC3), and runoff
of overflowing and drainage water (E2), ranked first
according to the environmental impact assessment
(SC1).

CONCLUSION
The results of a multiple-criteria decision analysis
provide the groundwork for the improvement of the
environmental protection system and for prioritizing
environmental protection measures, but also reveal the
serious nature of the issues with the operation of the
environmental protection system in mining and energy
complexes.
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SISTEM ZAŠTITE ŽIVOTNE SREDINE RUDARSKO-ENERGETSKOG
KOMPLEKSA BAZIRAN NA PRIMENI AHP METODE U RANGIRANJU
INDIKATORA I POSLEDICA ZAGAĐIVANJA VODA
Jelena Malenović Nikolić
Rezime: Primena metodologije Analitičko hijerarhijskog procesa (AHP) za ocenu uticaja rudarsko-energetskog
kompleksa na kvalitet voda podrazumeva rangiranje ključnih aspekata životne sredine i definisanje prioritetnih
mera zaštite životne sredine. U radu je izbor indikatora sveden na četiri dominantne posledice radnih aktivnosti,
koje u najvećoj meri narušavaju kvalitet osnovnih elemenata životne sredine. Kriterijumi su formirani s ciljem da
se olakša upoređenje rezultata više rudarsko-energetskih kompleksa, unapredi modeliranje sistema zaštite i olakša
ocenjivanje posledica kritičnih radnih aktivnosti na kvalitet voda.
Ključne reči: životna sredina, energetski kompleks, bezbednost, voda
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Abstract: Human reliability assessment is becoming increasingly
important in risk assessment in all industrial systems. All methods for
human reliability assessment are used to estimate human error
probabilities, which is a measure of human reliability. Human error
assessment is certainly a challenge for all the experts involved in risk
assessment today. In Serbia, this issue has not received proper
attention yet. Therefore, this paper presents the case study which
confirmed that the usage of Absolute Probability Judgement for
proper human reliability assessment. This approach was used in a
case study of the Electric Power Company in Serbia (hereinafter
EPCS) for the purpose of the analysis accident of a repair intervention
on a 10/0.4 kV steel lattice tower “Nova Kolonija” (jurisdiction of
EPCS, Veliki Trnovac, ED “Jugoistok”, Nis, Serbia). The case study
performed at the EPCS has confirmed that the conventional APJ
approach is not only highly applicable for quantification of human
errors, but also comprehensive and simple to use in risk assessment of
complex systems.
Key words: Absolute Probability Judgement, Human Reliability
Assessment, Accident, Case Study

INTRODUCTION
Human Reliability Assessment (hereinafter HRA) is a
hybrid area, arising out of the technical disciplines
(reliability engineering) on the one hand, and
psychology and ergonomics on the other. The analysis
of complex systems of various industrial activities
(electric
power
industry,
mining,
aviation,
petrochemical industry, etc.) has proved that human
error is the most common cause of accidents.
A review of literature shows that “human factor” was
the cause in 80% of major accidents in the past (e.g.
Chernobyl, Bhopal, Three Mile Island, etc.) and a
crucial factor in around 90% of occupational injuries.
Consequently, Stary (1998) emphasizes the importance
of managing “internal and external human factors” that
can contribute to errors in a system, leading to
occupational injuries and damage to natural resources
and material wealth (Stary, 1998). Success of any
organization depends on how well they control
behaviour of their employees, while safety managers
should be focused on the “human error” as the biggest
individual source of operative errors (Petersen, 2001).
The term human error has been pragmatically defined
by Swain (1989) as follows: “any member of a set of
human action or activities that exceeds some limit of
acceptability, i.e. an out of tolerance action where the
limits of performance are defined by the system”
(Swain, 1989). Dhillon (2009) defines the human error
as “a failure to perform some specific task that could
result in disruption of scheduled operations of damage
to equipment and property“(Dhillon, 2009).

Main problem in formulating a comprehensive
definition of human error lies in the fact that these
errors are often the result of a complicated sequence of
events. Human error is considered to be the cause of
accidents and failure in the functioning of the system
based on the traditional approach, while the modern
approach is a different view on human error, suggesting
that error is a result of a deeper issues within the
system, mainly of relations between people, tools, tasks
and the work environment (Dekker, 2002; Woods, et.
al, 2010).
Industrial studies of accidents are the ideal source of
data on human error. Other sources are simulation data
and data derived from literature on human
performance. However, there are many difficulties in
obtaining such information: difficulties in estimating
the number of possibilities in which an error occurs in
complex tasks, reliability of data, confidentiality or
lack of desire to publish data, different causes and
mechanisms of error, lack of awareness about the
benefits of recording and collecting data, out-of-date
data, not in accordance with the continuous innovation
of technology and the demands of the workplace,
inadequate generalization on experimental data, time
needed to collect the necessary data, etc. (Stojiljković,
2011). The complex issues like these demanded the
approach that does not rely on the data, but on the use
of expert opinion.
In a number of foreign and domestic research papers,
methods used to assess human error based on expert
assessment are analyzed. These are the following
methods: Absolute Probability Judgement - APJ;
Human Error Assessment and Reduction Technique -
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HEART; Technique for Human Error Rate Prediction THERP; Success Likelihood Index Method - SLIM;
Influence Diagrams Approach - IDA; Human Cognitive
Reliability - HCR; Technica Empirica Stima Errori
Operatori - TESEO, etc.
Evaluation of these methods was based on the
evaluation of the following quantifiers: accuracy,
validity, usefulness, effective use of resource,
acceptability and maturity. The best rated methods are
HEART, APJ, THERP, SLIM, slightly lower rated
methods are PC and IDA, and the lowest rated are
methods TESEO and HCR (Kirwan, 1988, 1994,
1995).
Second and third generations of human reliability
assessment methods are developed to overcome the
deficiencies of the previous generations. Second
generation methods are A Technique for Human Error
Analysis - ATHEANA, Cognitive Reliability and Error
Analysis Method - CREAM, Method for the
Performance of Safety Operation - MERMOS,
Cognitive Environmental Simulation - CES and
Connectionism Assessment of Human Reliability –
CAHR. Methods of third generation are in fact
improved version of methods from previous generation
and the only one developed so far is Nuclear Action
Reliability Assessment – NARA which is in fact a
modified HEART method (Di Pasquale et al, 2013).
All methods for the human reliability assessment are
used to estimate Human Error Probabilities (hereinafter
HEP), which is a measure of human reliability. For
quantification of Human Error Probabilities in the
Electric Power Company in Serbia (hereinafter EPCS),
the expert team had a few meetings in order to choose
the suitable methods for the mentioned type of
assessment. Following four methods, APJ, HEART,
THERP and SLIM were chosen as appropriate for the
HRA in EPCS.
The research comprised the analysis of 1074
workplaces with a total of 3997 employees in terms of
their age: up to 20 years of age (6); between 21 and 30
years old (280); between 31 and 40 years (1120);
between 41 and 50 years (1376); between 51 and 60
years (1131); and between 61 and 65 years old (84).
The numbers of employees by the level of education
was as follows: level I - 140, level II - 87, level III 1009, level IV - 1355; level V - 667; level VI - 268;
level VII-1 - 462; level VII-2 - 7; and level VIII - 2.
Testing of these methods (APJ, HEART, THERP and
SLIM) has lead to a conclusion that APJ has a great
potential for HEA, therefore, this method was used in a
further work.
The expert team, experienced in the field of HRA, had
appropriate knowledge of all sectors, activities, and
procedures within EPCS. Most of them were with over
20 years of professional experience and some were the
direct executives of the Risk Assessment Project that
was implemented in EPCS.
At the following meetings, expert team considered
various aspects for implementation on APJ within the

EPCS. Eventually, it was concluded by the authors of
this study that application of APJ, which is a simple
and straightforward method, in the framework of such
complex system as EPCS can be a very demanding
task. Main reasons for these are wide variety of
workplaces and extremely large number of employees.
Having this in mind the expert team decided to develop
methodology based on the APJ concept, that will make
human error quantification process much easier and
quicker (see more: Stojiljkovic, et al. 2016).
Previous consideration of accidents in the EPCS
indicated that the largest number of accidents occurred
at 10/0.4-kV steel lattice towers. Therefore, the expert
team has focused their attention on this object in order
to identify human errors. For the purpose of this study,
a database on work-related injuries, accidents and
critical interventions that occurred over a ten-year
period has been developed.

METHODOLOGY
The APJ is, as a concept, the simplest approach to
quantification of human errors since it is based on the
assumption that people can directly assess their
likelihood of an event, in this case, a human error
(Kirwan, 1994, 1995; Grozdanovic, et al., 2005;
Grozdanovic, 2005). When it comes to risk assessments
for existing plants or systems, it is arguable that the
more experienced personnel will have a reasonable
memory of their own errors, as well as of other
operators’ errors and their rates of occurrence.
There are two basic APJ approaches. In a “single expert
APJ”, only one expert needs to assess the probability of
a human error. Kirwan (1994) emphasized the
importance of group evaluation, in order to reduce the
subjectivity of the assessment. He also identified four
types of aggregations of individual judgments in the
“group APJ” (Kirwan, 1994):
 Aggregated individual method - this method entails
that the experts do not meet but make estimates
individually. These estimates are then aggregated
statistically by taking the geometric mean of all the
individual estimates for each task.
 Delphi method - experts make their assessments
individually and then all the assessments are shown
to all the experts.
 Nominal group technique - this method is similar to
the Delphi method, but after the group discussion,
each expert makes his or her own assessment. These
assessments are then statistically aggregated.
 Consensus-group method - in this method, each
member contributes to the discussion, but the group
as a whole must then arrive at an estimate upon
which all members of the group agree.
All forms of APJ, whether group or individual, are
prone to particular biases which can detract from the
accuracy of the experts’ assessments. One of the major
ways to reduce the problem of biases in expert
judgment is employing a facilitator during the experts’
group session. The primary function of the facilitator is
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to try to overcome these biases. Therefore, a secondary
function of the facilitator is to overcome any
personality conflicts, or other problems, which may
occur in small groups, and influence the assessment
process.

The APJ procedure consists of 7 steps (Figure 1) which
are described in detail in the research papers (Seaver &
Stillwell, 1983; Comer et al., 1984; Kirwan, 1994;
Grozdanovic, 2005; Stojiljković, 2011; Stojiljkovic, et
al., 2012; Stojiljkovic, et al., 2016).

Figure 1. Procedural steps of the APJ method

RESULTS AND DISCUSION
In the following text, Absolute Probability Judgement
method was used for human error quantification in the
case study of a repair intervention on a steel lattice
tower 10/0.4 kV “Nova Kolonija” in EPCS (jurisdiction
of EPCS, Veliki Trnovac, ED “Jugoistok”, Nis, Serbia),
which resulted in an accident.
One of the aims of this study is to show the necessity of
human error assessment not only in manufacturing
industries but, as it will be shown in this paper, in
companies that distribute electric energy, as well. An
assessment of ten typical human errors was made by
ten experts.
Figure 2 shows the values of HEP using the APJ
method for human error assessment in the case of a
repair intervention on a steel lattice tower 10/0.4 kV
“Nova Kolonija” in EPCS.
Individual HEP estimates were used because a
reasonable level of agreement between the experts has
been achieved (correlation coefficient K0.5 confirms
the consent of the expert opinion). To make the
subsequent calculation easier, the set of HEP obtained
from the expert is then transformed into their
logarithmic equivalents (see more: Stojiljković, 2011;
Stojiljkovic, et al., 2012; Stojiljkovic, et al., 2016).
The experts had an insight into the scale for estimating
the probability (Stojiljković, 2007), database on human

errors (Stojiljković, 2011) and Risk Assessment Act in
the workplace and working environment in ED
“Jugoistok”, Nis, Serbia.
Ranking the probabilities for the occurrence of human
errors that is given in descending order indicates which
errors in particular should be considered, for the
purpose of their elimination or reduction. The order of
the probabilities (given in brackets) of occurrence of
human errors in this EPCS case study is as follows:
 Absence of job authorization and Failure to use the
prescribed tools (9.4 10-2),
 Breach of field operation protocol (2.9 10-2),
 Erroneous routine operations which require
meticulous attention and Inadequate cooperation
between operators (9.2 10-3),
 Improper and imprecise issue of a job order and
Incomplete implementation of safety measures on
the job site (7.9 10-3),
 Failure to implement the fundamental principles of
job organization and Failure to use the prescribed
equipment for personal safety (9.3 10-4),
 Communication error (9.2 10-4).
In the case study, human errors with the highest
probability are: failure to use the prescribed tools and
absence of job authorization, then the following: breach
of field operation protocol; inadequate cooperation
between the operators and erroneous routine operations
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increase in productivity, and decrease in lost
working hours and expenses;
 Improvement of environmental protection standards
through reduction of damage in electric power
plants, reduction of environmental pollution and
substantial economic loss, preservation of natural
and material wealth, and prompt and adequate
emergency response.
On the basis of all the above mentioned, it can be
concluded that the APJ has application in EPCS, i.e. in
companies for the distribution of electric energy.
Successfully applied APJ for human reliability
assessment in EPCS, based on an analytic-synthetic
approach, could be implemented in other industrial
sectors too.

0.00093

0.094
0.00092

0.0092

0.029

0.0079

0.0092

0.00093

0.0079

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0

0.094

which require meticulous attention; improper and
imprecise issue of a job order and incomplete
implementation of safety measures on the job site;
failure to implement the fundamental principles of job
organization and failure to use the prescribed
equipment for personal safety, whereas communication
error is of the lowest probability.
Implementation of APJ method in EPCS and the
achieved research results contribute to:
 Operator reliability, reducing human error
occurrence and increasing awareness on
significance of occupational safety, health and
environmental protection measures;
 Improvement of occupational safety standards by
preventing occupational injuries and fatalities,

HEP

1. Improper and imprecise issue of a job order
2. Absence of job authorization
3. Failure to implement the fundamental principles of job organisation
4. Inadequate cooperation between operators
5. Incomplete implementation of safety measures on the job site
6. Breach of field operation protocol
7. Erroneous routine operations which require meticulous attention
8. Communication error
9. Failure to use the prescribed tools
10. Failure to use the prescribed equipment for personal safety

Figure 2. Values HEP using the methods APJ for HRA in the case study in EPCS

CONCLUSION
Methods for the human reliability assessment began to
develop intensively after numerous accidents which
were caused by human error or inadequate activity of
people who controlled and managed complex
technological processes. The APJ approach is
conceptually the most straightforward HRA approach.
The APJ uses a group of experts for assessment of
human error probability and for indication of the
contradictions of the analyzed process. The APJ is the
simple to use, however, it is important to carefully
select experts, since lack of motivation and/or
excessive self confidence can influence early

conclusion, which can undermine the APJ method
validity. The APJ is prone to certain biases, as well as
to personality group problems and conflicts, which, if
not effectively countered (e.g., by a facilitator), can
significantly weaken the validity of the technique.
Although the APJ method does not consider the
performance shaping factors related to the operator and
the environment, and the fact whether those factors
have positive or negative impact on the operations, the
task of the experienced experts is to provide the
interpretation of measures for improvement.
In modern companies for transmission and distribution
of electricity, in addition to demands for continuous,
stable and electric energy supply of standard quality, it
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is essential to implement the appropriate working
control and management. In case of EPCS, all company
authorities, higher and lower management, as well as
workers on the terrain were informed in an appropriate
manner about the findings of this research. Results
obtained in this case study (implementation of APJ for
HEP in a repair intervention on a steel lattice tower
10/0.4 kV “Nova Kolonija”), according to the positive
feedback from the EPCS, contribute to reducing human
error, increasing operator reliability, increasing
awareness on significance of occupational safety, as
well as health and environmental protection measures.
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PRIMENA METODE APSOLUTNE VEROVATNOĆE PROCENE ZA
PROCENU LJUDSKE POUZDANOSTI - STUDIJA SLUČAJA
Evica Stojiljković, Bojan Bijelić, Marko Cvetković
Rezime: Procena ljudske pouzdanosti postaje sve značajnija prilikom procene rizika u svim industrijskim
sistemima. Sve metode za procenu ljudske pouzdanosti zasnivaju se na izračunavanju verovatnoće ljudske greške,
koja je mera ljudske pouzdanosti. Procena ljudskih grešaka svakako je izazov za sve stručnjake koji se danas bave
procenom rizika. U Srbiji pitanje pouzdanosti ljudskog faktora još uvek nije dobilo adekvatnu pažnju. Zbog toga je
u ovom radu predstavljena studija slučaja koja se odnosi na primenu metode Apsolutne verovatnoće procene
(APJ) za procenu ljudske pouzdanosti. Koncept APJ korišćen je u Elektroprivredi Srbije u cilju analize akcidenta
do koga je došlo prilikom intervencije na čelično-rešetkastoj TS 10/0,4kV „Nova Kolonija“, Veliki Trnovac, ED
„Jugoistok“ Niš. Studija slučaja sprovedena u Elektroprivredi Srbije potvrdila je da konvencionalni APJ pristup
nije samo primenljiv za kvantifikaciju ljudskih grešaka, već i sveobuhvatan i jednostavan za korišćenje u proceni
rizika kompleksnih sistema.
Ključne reči: Apsolutna verovatnoća procene, Procena ljudske pouzdanosti, Akcident, Studija slučaja.
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Abstract: Social partnership is of key importance when dealing with a
problem in occupational safety and health. A consistent and honest
dialogue based on mutual respect between all parties (the government,
employer and the workers union) and dedication to achieve a common
goal is the recipe for success in solving difficulties associated with
occupational safety and health. Within the system of occupational
safety and health the collective work agreements take a special place,
because they are autonomous legal acts which are negotiated and
signed by social partners. Except basic rights and obligations,
collective work agreements contain legal norms which regulate
occupational safety and health, and working conditions for workers'
representatives. Because of that, the workers' representatives have an
important role, and are an integral part of the occupational safety and
health system.
Key words: social partnership, trust, workers union, system
improvement.

WHAT IS SOCIAL DIALOGUE?
According to the definition of the International Labour
Organisation social dialogue encompasses: “all kinds of
negotiation, counselling or simply exchange of
information between government representatives,
employers and workers or just among social partners on
issues of common interest concerning economy and
social policy. It can exist as a tripartite process in
which the government is an official party in the
dialogue, or it can be a bipartite relationship between
workers and the board (i.e. trade unions and employers’
associations) with or without direct involvement of the
government. A social dialogue process can be informal
or institutionalised, and often is a combination of both.
It can be led at national, regional or at company level.
It can be inter-sectoral, sectoral or combined. “[1]
As it can be seen from the above definition, various
kinds of social dialogue are possible, encompassing
collective negotiation, but there are also other forms of
negotiations, counselling and communication between
social partners and the government. In contrast to these
forms, the internal regulations of a company as
unilateral documents should not be considered forms of
social dialogue.
Strengthening of the social dialogue is one of the four
strategic and key goals of International Labour
Organisation which are focused on the promotion of
dignified work for all employees in the world and
which – together with the social dialogue also
encompass working standards, basic principles and
working rights, the opening of new work places that
will offer safety and dignity as well as social protection
to women and men.
Social dialogue is also a part of European social model
with reference to the fact that: “it reflects a democratic
principle (included in Article 11 of the Treaty on

European Union) that representative associations
should be in position to publish their standpoints, to be
consulted and to lead dialogue with public authorities”
and that employers and employees should be “included
in bringing decisions on issues which directly concern
them“[4]. An additional legitimacy to these principles
can be derived from the Charter on Fundamental
Rights of the European Union which includes the right
of employees to information and counselling within
company as well as the right to collective negotiations
and collective activities (article 27 and 28) [1,6].

FUNCTIONING AND ADVANTAGES OF
SOCIAL DIALOGUE
Key aspect of a social dialogue is its approach founded
on social partnership. It starts from the presumption
that the trade unions and the employers' associations
admit the existence of a common problem and are
committed to undertake joint activities in order to solve
it.
The tripartite social dialogue is understood as a
participative way of democratic decision bringing
process. As such, it contributes to the legitimacy of
state activities, as well as of trade unions and
employers' associations who have their own interests
and benefits from participating in decision making
processes. A tripartite and equally a bipartite form of
social dialogue follow a practical, co-operative
approach in order to reach common understanding of
the problem, find out compromise solutions and
achieve mutual agreements on solutions. As a tool for
achieving agreements and decreasing the number of
misunderstandings, the social dialogue is precious
especially in times of economic crises and transitions.
There are some important preconditions for the
functioning of social dialogue. With reference to the
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fact that the social dialogue institutions are a “natural
habitat“ of social partners, the first precondition for
their adequate functioning are democratic foundations
and a legal system which enables social dialogue.
There must exist strong and representative
organisations of employers and employees so that they
might be the actors in a dialogue process. Furthermore,
there should exist some common interest and readiness
of all parties involved to initiate such co-operative and
constructive dialogue. In reality, however, the goals of
involved parties are often very different. It is not
always possible to attain situation which will satisfy
everybody, or a compromise, and sometimes there is
even not sufficient readiness for dialogue. Therefore, a
key issue is to meticulously select the issues of
negotiations in a social dialogue. [2]
It is useful to start a social dialogue by discussing
topics where there is some space for reaching
consensus and where success can be achieved. Some of
the themes which are not so complicated can be
protection at work, equal possibilities and nondiscrimination, or professional training and lifelong
learning.

integral part of the European Social Model, and the
institutions of the European Union have the task to
actively promote Social Dialogue (Article 152 TFEU).
European Social Dialogue exists at the cross-industry
and sectoral levels. On both levels, it may be generated
by consultation under the auspices of the European
Commission or as an autonomous negotiation process.
At the cross-industry level the main body for discussion
is the Social Dialogue Committee which meets three
times a year. It is composed of 32 representatives of
each of the two sides of the European social partners
and chaired by the European Commission. Workers are
represented by the European Trade Union
Confederation (ETUC), while the employers are
represented by three different European associations:
the
Confederation
of
European
Business
(BUSINESSEUROPE, formerly UNICE), The
European Centre of Enterprises with Public
Participation and of Enterprises of General Economic
Interest (CEEP) and the European Association of Craft
Small and Medium-Sized Enterprises (UEAPME).

Figure 2. European social dialogue - forms
Figure 1. European social dialogue
Another central and often problematic aspect is to
ensure the enforcement of reached agreements. The
first key issue in the matter is to which extend is the
achieved result of a social dialogue binding for social
partners. [1]

EUROPEAN SOCIAL DIALOGUE
At the European level, the term Social Dialogue is used
for the bipartite work of the social partners, trade
unions and employer associations. Articles 151 to 155
of the Treaty on the Functioning of the European Union
(TFEU) commit the European Commission to
consulting social partners on economic and social
policy issues and give social partners the right to
pursue autonomous negotiations at European
Community level. Such bipartite Social Dialogue is an

At the sectoral level, in 2012, there were 41 different
Sectoral Social Dialogue Committees (SSDC),
covering some 145 milion workers, i.e. more than three
quarter of the EU's workforce. In these committees, 63
European-level sectoral employers' bodies and 15
sectoral trade union organisations were involved. Most
of the trade union organisations were European Trade
Union Federations affiliated to the ETUC. SSDCs can
be formed on the joint request of the social partners
concerned. In order to be admitted to the discussions,
the social partners must be representative and organised
at the European level. Their member organisations
must be a recognised part of Member States' social
partner structures, have the capacity to negotiate
agreements and possess adequate structures to ensure
effective participation at the European dialogue level
(Decision of the European Commission: 98/500/EC).
SSDCs must meet at least once a year. Representatives
of all national affiliates of the European federations can
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participate in these meetings. All Social Dialogue
meetings on European level are funded by the EU
which reimburses travel costs and accommodation and
provides for the technical and administrative
infrastructure.
The most important function of European Social
Dialogue is the establishment of social partner
agreements. When consulted by the Commission, the
social partners can simply issue a joint opinion on the
Commission's legislative proposal which will then be
discussed, eventually amended and voted by the
Council and the European Parliament. Alternatively,
they may also engage in their own negotiations which
may lead to a social partner agreement. A social partner
agreement can be implemented in two ways. The social
partners can ask the Commission to implement it as a
Directive, and in this way, once accepted by the
Council, the agreement is legally binding and has the
force of law. On the other hand, the social partners can
decide to implement the agreement on their own, and in
this case it is the responsibility of the national social
partners to ensure that the provisions of the agreement
are carried out in all EU Member States 'in accordance
with the procedures and practices specific to
management and labour and the Member States' (TFEU
Art 155). In this case, the concrete forms of
implementation may vary from country to country. In
addition, social partners both at the cross-industry and
the sectoral level can decide at any time to launch their
own autonomous negotiations to reach agreements on
policy issues of joint interest. As further forms of
autonomous Social Dialogue, the European social
partners can produce various types of outcomes. These
mostly deal with policy priorities and orientations,
strategies and action plans, either oriented towards the
European institutions or engaging the social partners
themselves (see the table at the end of the module).
They might also engage in transnational projects such
as joint publications, seminars, conferences and
capacity building in New Member States, or follow-up
the implementation of signed agreements at the
national level.

THE BENEFITS AND CHALLENGES OF
EUROPEAN SOCIAL DIALOGUE
European Social Dialogue can be used as a powerful
tool to improve working conditions and to establish
common minimum standards throughout Europe.
Looking at its outcomes so far, two phases can be
distinguished since 1990s. In the second half of the
nineties, three cross-industry agreements were reached
in response to consultation of the social partners by the
Commission and finally implemented by Directives –
on parental leave (in 1996, revised in 2008), on parttime work (1997) and fixed-term work (1999). From
2001 onwards, cross-industry social partner initiatives
took a more autonomous form, resulting in a series of
autonomous agreements implemented by the social
partners themselves at the national level. These

autonomous agreements cover issues such as telework
(2002), work-related stress (2004), harassment and
violence at work (2007), as well as inclusive labour
markets (2010). Moreover, in this period, social
partners signed the first three cross-industry multiannual work programmes as well as two frameworks of
action. The latter indicated policy priorities in the fields
of lifelong learning (from 2002 to 2006) and gender
equality (2005 to 2009).
At the sectoral level, there were some social partner
agreements implemented by Directives and others
autonomously implemented by national social partner
organisations. Five agreements were implemented by
Directives: working time regulations for seafarers
(1998) and mobile civil aviation staff (2000), working
conditions for cross-border mobile workers in the
railway sector (2004), minimum employment
conditions again for seafarers (2008), and workers'
protection against 'sharp injuries' in the hospital and
healthcare sector (2009). For two further agreements
such implementation by means of a directive has been
requested by the social partners. These two agreements
have been signed in 2012 and regard the organisation
of working time in inland waterway transport and the
protection of occupational health and safety in the
hairdressing sector. In early 2013, social partners are
expected to send another request to the EC regarding
the implementation of the ILO Work in Fishing
Convention (C188). Five agreements have instead been
autonomously implemented by the national social
partners: the first one in the railway sector regarding
the introduction of a European license for drivers
(2004), the second as a multi-sectoral agreement
covering 14 industries regarding health and safety
protections for workers exposed to crystalline silica
(2006), a third one on a European certificate and
common training standards for hairdressers (2009), and
a fourth one regarding competence profiles and
minimum core competences for process operators and
first-line supervisors in the chemicals industry (2011).
The latest autonomous agreement which still has to be
implemented by the social partners was signed in April
2012. It deals with minimum requirements for standard
player contracts in professional football.
Besides these agreements, many joint texts have been
produced through Social Dialogue processes: 667
different documents until 2011. The large majority are
joint opinions on economic and social policy issues.
The most frequently treated topics are economic and/or
sectoral issues, Social Dialogue procedures, training
and lifelong learning, health and safety, employment
promotion, working conditions, social aspects of EU
policies, corporate social responsibility, working time,
gender equality, and sustainable development.
Despite the benefits and the high relevance of the
issues covered in these agreements, European Social
Dialogue has also had to face a series of challenges.
First of all, as already mentioned in the introduction,
the concept of dialogue presupposes a shared
willingness to engage in a cooperative, constructive and

87 | Safety Engineering

SAFETY ENGINEERING - INŽENJERSTVO ZAŠTITE

consensus-oriented form of interaction. Whereas, in
reality, the aims of the parties involved often are very
different. Generally speaking, the ETUC in principle is
in favour of achieving legally binding EU-wide rights
and protection for workers. Employers, and especially
Business Europe, are generally opposed to EU-wide
regulations, but might nonetheless be inclined to sign
European social partner agreements if the alternative is
a Directive.

resources as well as training available to the national
level to ensure effective participation in European level
dialogue as well as implementation of agreements. In
addition language is a serious barrier to full
participation. These various structural obstacles are
strongest in the Central and Eastern European
Countries which generally have weaker industrial
relations systems. In these countries, representative
employers' associations are often lacking, and trade
unions are more fragmented. While European Social
Dialogue as such will not resolve these particular
national problems, commitment from all countries'
social partners at the European level helps to reinforce
social partners' positions at the national level. [1]

NATIONAL SOCIAL DIALOGUE

Figure 3. Typology of European social dialogue
outcomes
Clearly, in order to enjoy the maximum benefits from
European Social Dialogue, implementation is crucial.
This is still an important challenge. While, as seen
above, considerable effort goes into the preparation and
negotiation of joint texts and opinions, the number of
binding agreements achieved is still modest. Among
these, the most effective ones are those implemented as
Directives, as these achieve the status of European law.
When it comes to the autonomous agreements,
implementation is more difficult. As a result of national
differences
in
industrial
relations
systems,
implementation often remains patchy, without
effectively achieving common minimum standards
throughout the EU. The link between the European and
the national level is complicated also because the
national member organisations of the EU-level social
partners do not always have a direct bargaining role at
the local level and often possess only limited authority
over their affiliates. Due to these implementation
problems, the described shift in cross-industry dialogue
from agreements implemented by Directives towards
autonomous ones, as well as the growing focus on
declarations of intent (be it in form of 'work
programmes' or 'frameworks for action'), can be
considered as weakening the effectiveness of European
Social Dialogue.
Additional challenges for European Social Dialogue
result from a lack of tools and structures: Often there
are not enough information, data, financial and human

The most significant form of a social dialogue in a
country is collective negotiation, which presumes the
negotiations between trade unions and employers on
salaries and work conditions that usually result in
binding and applicable collective agreement. However,
there are also other kinds of social dialogue, from
negotiations over counselling to information exchange.
Social dialogue can be led on different levels: national,
sectoral, at company or department level. Further, it
can be in bipartite form, only between trade unions and
employers, but also tripartite - among trade unions,
employers and the government.
National social dialogue usually encompasses the
issues which are tightly connected to the issues of
industrial relations and work conditions (as is the case
with collective negotiation), or can treat wider issues of
economic and social policy. Social partners can be
involved in a social dialogue in three different ways.
Firstly, social partners can participate in a policy
creating process, e.g. by giving advice and by
counselling on the drafts of laws proposed by the
government or by publishing mutual bipartite
standpoints and statements of intention. Secondly, they
can participate in making, regardless of the fact
whether the talk is on government policies or
autonomous, bipartite agreements and collective
negotiation. Thirdly, social partners can play a role in
management and monitoring of the implementation of
reached agreements and defined laws, as e.g. in France,
Germany and Italy where social partners jointly
manage the social insurance system.

INSTITUTIONAL FRAMEWORK
Institutional framework for social dialogue is different
from country to country. When the talk is on structures
of national tripartite dialogue, in some countries there
are special institutions for harmonising policies as e.g.
economic and social councils. Consulting with social
partners in the framework of these forums can be
government's legal obligation (as it is in France) or can
be simply based on informal, agreement approach (as
in Austria). In other countries, where there are no
special institutional structures, it is possible to sign
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national agreements on ad hoc basis, but this depends
on the readiness of the government to dialogue (in
Italy, Spain or Germany). In all cases, however,
institutions can serve as a framework to support social
dialogue, but they are no guarantee that the dialogue
will indeed efficiently function, since for this to happen
necessary is the commitment of all involved parties. [7]
National tripartite social dialogue is important in a
large number of EU states. This is the main level of
social dialogue in Central and East European countries
while it is less present in Scandinavian countries
(where bipartite social dialogue is a rule), Germany
(with mostly informal and ad hoc co-operation) and
the United Kingdom (where there is no national social
dialogue). In all Central and East European states
national tripartite dialogue takes place within the
framework of special formal institutions which are
usually called Economic and Social Council. Unlike
Economic and Social Committee on European level
which encompasses three groups Employers Group,
Employee Group and a Group of various interests
economic and social council in Central and East
European states, in the sense of tripartite value of
International Labour Organisation, is composed of the
representatives of governments, trade unions and the
employers' associations. The only exceptions are
Bulgaria, Hungary and Romania where these councils
are open also to representatives of civil society and
non-governmental organisations.
Sectoral social dialogue is the most developed in the
countries of West Europe (especially in Austria,
Belgium, Denmark, Finland, France, Germany, Greece,
Italy, Holland, Portugal, Spain and Sweden) where it
has the form of regular collective negotiation. [1,7]

ADVANTAGES AND CHALLENGES OF
SOCIAL DIALOGUE
Main potential benefit from a social dialogue as an
instrument for managing industrial relations is that it
can help solve conflicts through finding compromise
and mutually acceptable solutions. Social dialogue
opens space for interactions and decision making of
social partners and offers trade unions and employers'
associations a chance to take active, institutionalised
and recognised role in national decision-making
process, either through autonomous agreements or
through tripartite dialogue on governmental social
policy and work market policy. National sectoral and
inter-sectoral dialogue are especially important in the
form of collective negotiation as the means for
determining minimum standards of work and
employment conditions and thus avoiding the
fragmentation of work force and competition based on
differences in labour costs and work conditions.
A special challenge for sectoral bipartite social
dialogue is its frequent non-uniformity, especially in
Central and East European states. This fragmentation
results in general deterioration of work conditions and
work standards. This is closely connected with the

weakness of institutions of industrial relationships as
well as of sectoral trade union structures in these
countries.
In many European states, there is a rising trend of
decentralisation and fragmentation of collective
negotiation as the consequence of neoliberal work
market strategies and reforms of industrial
relationships, as well as the pressure of employers for
introduction of more flexibility.

"DEVELOPMENT PLUS" - A PROJECT
FOR STRENGTHENING OF THE
SOCIAL DIALOGUE, AN EXAMPLE OF
GOOD PRACTICE
As part of the "Europa 2020" initiative, Ministry of
Labour and Pension System of the Republic of Croatia
brought an operational Program "Development of
Human Potential" which among other supported a
number of measures aimed at promotion of social
dialogue and strengthening of the role of civil society
in social and economic growth and democratic
development. Thus, the measure 5.1 of the program
"Promotion of Social Dialogue" offers support in
strengthening human and organisational capacities of
social partners with the goal to promote and increase
the quality of social dialogue. The Republic Trade
Union of Croatian Workers and the central trade union
organisation - The Independent Trade Unions of
Croatia, as a co-operator in the project, have recognised
the importance of improved knowledge skills and the
capabilities of social partners in their efforts to
promote, stimulate and improve the quality of social
dialogue in the Republic of Croatia.
The project "Development Plus" has the goal to
strengthen social dialogue, improve co-operation
between trade unions and enable more efficient
communication, better quality cooperation with
employers connected with trade unions and state and
local bodies through developing of social skills,
knowledge and competencies of all stakeholders in the
social dialogue.
The project is financed from the European Social Fund
of the EU and the funds of Republic Trade Union of
Croatian Workers.
During the realisation of the project, from October
2014 to October 2015, various activities and trainings
were organised, divided in four thematic blocks:
- development of competency manual
- development and implementation of educational
programs for development of competencies
- organisation of round tables for exchange of best
practice on following themes: gender equality,
protection of employees' rights, awareness of ecology
and protection at work and of corporate, social and
society responsibility
- research of quality of social dialogue.
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This project contributes to the series of initiatives of the
European Commission whose goal is the improvement
of social dialogue.

ROUND TABLE "PROTECTION AT
WORK 2020 IN THE REPUBLIC OF
CROATIA"
Within the project "Development Plus", organised by
the Republic Trade Union of Croatian Workers, a
round table with the topic "Protection at Work 2020 in
the Republic of Croatia" was held with the participation
- as lecturers - of the representatives of the Ministry of
Labour and Pension System, Croatian Employers'
Association, trade unions' headquarters - Independent
Trade Unions of Croatia. Other participants in the
debate were recognised experts and individuals from
political institutions (Parliament of the Republic of
Croatia, Committee for Labour, Pension System and
Social Partnership), state institutions (Institute for
Improvement of Protection at Work, Croatian Institute
for Health Protection and Safety at Work), academic
community (Institute of Social Sciences Ivo Pilar),
representatives of employers, trade unions, and activists
and representatives of civil society and ecological
associations.
Participation of all stakeholders in the field of health
protection and safety at work became a priority issue in
national and European preventive strategies.
Unfortunately, many European and national strategies
do not pay sufficient attention to the huge potential of
representing professional associations and interest
groups and also to representing workers in the field of
protection at work, although this could create that
significant overbalance of active policy derived from
the needs and initiatives of all stakeholders in the
system over prevention understood as mere justification
of its own existence.
Striving to continue to provide space for learning and
communication, exchange the ideas and knowledge,
cooperate on new projects and joint initiatives in
improving the system of protection at work and
especially the prevention, the participants at the Round
Table formulated the following conclusion:
"Life, health and preservation of working ability and
life and working environment are of special social
interest in the Republic of Croatia. Continuous
cooperation between social partners, state institutions,
employers and trade unions - as representatives of
workers, starting from the creation of legal framework
to its application in practice are needed and necessary.
The exchange of experiences and skill, cooperation and
mutual esteem and coordinated work of all stakeholders
on common initiatives are basic preconditions for
synergy action and continuance of advancement of the
health and safety protection system in the Republic of
Croatia".

CONCLUSION
Strengthening social dialogue is one of the goals of the
International Labour Organisation, aimed at promotion
of dignified labour for all employees in the world,
which together with social dialogue also encompasses
working standards, basic principles and rights at work
and opening of new work places which will offer
security and dignity and social protection to all men
and women.
The most important form of social dialogue is
collective negotiation, which includes negotiations
between trade unions and employers on salaries and
work conditions and usually results in binding and
applicable collective agreement.
Major potential benefit of the social dialogue as an
instrument
of
managing
national
industrial
relationships is that it can help solve conflicts through
finding compromised and joint solutions. Social
dialogue opens space for interactions and decision
making of social partners and gives an opportunity to
trade unions and employers' associations to take active,
institutionalised and recognised role in national
processes of creating policy - either through
autonomous agreements or through tripartite dialogue
on government's social and work market policy - and
gives also an opportunity of finding quality solutions in
the advancement of health and safety at work
protection system.
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SOCIJALNO PARTNERSTVO U ZAŠTITI NA RADU
Cvetan Kovač
Rezime: Socijalno partnerstvo je od iznimnog značaja za rješavanje izazova unapređivanja sustava zaštite na
radu. Dosljedan socijalni dijalog utemeljen na povjerenju socijalnih partnera (Vlade, poslodavaca i sindikata) i
predanost ostvarenju zajedničkih ciljeva, neosporivi je mehanizam postizanja kvalitetnih rješenja unapređivanja
sustava zaštite zdravlja i sigurnosti na radu. U sustavu pravila zaštite na radu posebno mjesto imaju kolektivni
ugovori ili sporazumi, kao originalni autonomni pravni akti koje dogovaraju i potpisuju socijalni partneri. Osim
osnovnih materijalnih prava i obveza, kolektivni ugovori sadrže i pravna pravila kojima se uređuje zaštita na
radu, te uvjeti za rad radničkih predstavnika. Na taj način radnički predstavnici dobivaju istaknutu ulogu i
postaju aktivni sudionici sustava zaštite zdravlja i sigurnosti na radu.
Ključne riječi: Socijalno partnerstvo, povjerenje, sindikat, unapređenje sustava
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public and political problem. Professional risk and work-related
stress have the potential to negatively affect an individual's
psychological and physical health, as well as an organisation's
effectiveness. Psychosocial risks as a likelihood that work-related
psychosocial hazards will have a negative impact on employees’
health and safety through their perceptions and experience have been
identified as one of the major contemporary challenges for
occupational safety and health. Psychosocial risk management is
based on the principles of prevention and aims at risk elimination or
reduction.
Key words: psychosocial risk, management, preventive measures, risk
assessment, stress

INTRODUCTION
Taking into account that term risk includes, among
other things, the exposure to the actions of factors that
can lead to undesirable consequences by their activity,
which in practice is seen as the emergence of some
types of costs, whether it is a known cost or missed
profit due to an injury at work, occupational disease or
work-related illness, professional risk can be
determined as a combination of the likelihood of
occurrence of hazards and injuries at the workplace and
the severity of the injury or health risk (health damage)
that may be caused by a dangerous event or exposure to
it [29].
Professional risk represents the risk of adverse effects
in the work environment, in other words, occupational
risks pose risks in the workplace, caused by danger and
hazards [6]. Considering that, under certain conditions,
each of the elements of the work environment implies a
risk, a large number of risk factors are potentially
present in the workplace environment system.
Certainly, the risk of the working environment system
should be considered as part of the quality of the
technological system [13]. Systematic approach and
system analysis must be the basis for the analysis and
risk assessment in the work environment [23].
In recent decades, numerous changes recognize new
elements of professional risk in the world of work, socalled psychosocial risks, which lead to stress at work,
and consequently to numerous negative outcomes for
workers and organizations.

PSYCHOSOCIAL RISKS
Psychosocial risks represent all aspects of work arising
from poor planning, organization and job management,
and poor social climate in which work takes place,
resulting in negative psychological, physical and social
outcomes among workers. Although some jobs are
more stressful than others, in each job a worker can be
exposed to negative psychological, social and physical

influences from a psychosocial work environment that
can lead to a stressful experience of the workers, which
can negatively affect his health and well-being in long
terms [10].
According to the definition of the International Labor
Organization (ILO), psychosocial risks and hazards at
work are related to the confrontation between job
requirements, work environment, job content and
organization of work on the one hand and work
performance, job satisfaction, workers' physical and
psychological features, knowledge, needs, satisfaction
of cultural needs and habits related to the demands of
work on the other hand [8]. Psychosocial risks at work
are all those characteristics of work that the worker
experiences as unfavorable for their mental, physical or
general health [33]. Cox determines these risks as those
aspects of organization of work, job design,
management of work processes, social opportunities at
work and ecological characteristics of work which have
the potential to inflict psychological or physical
damage upon the worker [3].
Psychosocial risks and work-related stress are one of
the most challenging issues in the field of health
protection and safety at work which organizations
around the world face with. Stress negatively affects all
participants in the organization and significantly
contributes to negative health and economic outcomes
[34].
With timely identification and adequate assessment of
psychosocial risks, a comprehensive preventive
approach, the implementation of measures for their
removal and the creation of the characteristics of a
healthy psychosocial work environment, it is possible
to create healthy workplaces and healthy organizations
in which workers are satisfied, motivated and have
positive attitude towards their work.
The daily exposure to elevated levels of psychosocial
risks in the workers results in the experience of workrelated stress and, consequently, numerous negative
psychological, physical and social outcomes.
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Psychosocial risks, or sources of stress at work, relate
to negative influences from a psychosocial work
environment such as poor planning, organization and
job management, and poor social climate in which
work is taking place. They can arise from the content of
the job, that is, the very nature of the job and the
conditions in which the work is performed or from the
characteristics of the work organization, i.e. the entire
work context.
Psychosocial risks arising from the content of the
business refer to:
• Work content (work with clients, patients, students,
etc., lack of variety of work tasks, short cycles of work,
monotonous jobs, unused abilities and skills of
workers, etc.);
• Work intensity (too high or too low workload; time
pressures, unrealistic or unattainable deadlines);
• Working schedule (shift work, night work, overtime
work, inability to influence the work schedule,
unpredictable working hours);
• Working conditions (inadequate operating conditions
- noise, temperature, light, inadequate work equipment)
[3,34].
Psychosocial risks arising from the characteristics of
the organization refer to:
• Organizational culture (poor communication, lack of
feedback, low level of support for problem solving and
personal development, unclear organizational goals);
• Control at work (lack of control over work tasks and
processes, inability to decide on the way and time of
performing tasks, insufficient participation in decision
making);
• Work roles (lack of clarity of the role - failure to
provide sufficient information for performing work
efficiently; job role conflict – incompatible or
conflicting work requirements (work assignments,
values, rules); high level of responsibility for people,
property;
• Interpersonal relations (poor or conflicting
interpersonal relationships, poor relation with managers
and superiors, lack of social support, isolation,
harassment, threats, violence);
• The possibility of professional development (career
stagnation, inability to progress, low salary, job
insecurity, low social value of work);
• Work-family balance (inability to align private
obligations with obligations on the business plan; low
level of support at home; the influence of a partner's
career on family life) [3,34].
Daily exposure to psychosocial risks increases the level
of stress that can manifest as physical, mental and
social dysfunction of the worker. Since work-related
stress is the result of the interaction of the worker with
his working environment, it arises from the imbalance
of the job requirement and working conditions and
knowledge, skills, physical and mental characteristics
of workers. If the demands that the work places on the

worker exceed its capacity and ability to deal with the
active worker, the worker will experience a subjective
feeling of stress [16].
Mildly elevated levels of stress (eustress, positive
stress) can work favorably on the worker as it will
direct his attention, increase motivation and readiness
to face challenges. However, if the worker is exposed
to high levels of stress for a long time, the feeling of
overload, fatigue and exhaustion will be accompanied
by numerous negative effects [34].
Stress of the worker is manifested through stress
reactions that can emerge at an emotional, cognitive,
physical or behavioral level. The reactions themselves
do not represent damage to health, but are the first sign
that a factor in the workplace causes a physical and
emotional damage to the worker:
• Emotional reactions (irritability, restlessness, distress,
grumpiness, mood changes, indifference or excessive
sensitivity, overload, lack of relaxation);
• Cognitive reactions (difficulties in concentration and
memory, indecision, constant concern, difficulties in
learning new knowledge and skills);
• Physical reactions (sweating, headache, heartburn,
chest pain, sleeping difficulties, development of
psychological and physical disorders, psychosomatic
reactions);
• Behavioral reactions (changes in appetite, increased
consumption of coffee, alcohol, tobacco, destructive
behavior, isolation or excessive addiction in social
relationships).
Long-term exposure to elevated levels of stress can
result in disrupted mental and/or physical health and
well-being of workers as well as negative
organizational outcomes. Workers experiencing high
levels of stress at work often have health problems of
physical [4,12,27,30] and psychological nature
[1,17,20,28], they are less motivated and efficient and
their safety at work is compromised. Consequently, the
number of errors, injuries and accidents at work
increases, workers are more often absent from jobs, the
efficiency of the work organization decreases, while its
costs increase [34].

OCCUPATIONAL RISK
MANAGEMENT
The Occupational Health and Safety Management
System (OHSAS) is a part of the global management
system [24] whose goal is the establishment of risk
control in relation to hazards and danger and ensuring
continuity of the organization's operations. This system
facilitates the management of OH & S risks related to
the
organization's
operations,
including
the
organizational
structure,
planning
activities,
responsibilities, practices, procedures, operations,
processes and resources for developing, achieving,
reviewing and maintaining OHS policy [25].
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The Occupational Health and Safety System is
regulated by a series of OHSAS 18000 standards. The
listed standards are OHSAS 18001 – Occupational
Safety and Health Management System – Requirements
defining the requirements for occupational health and
safety management systems in order to enable the
organization to manage OH & S risks and to improve
its OH & S performance and OHSAS 18002 –
Occupational Safety and Health Management System –
an application guide that contains non-certifying
guidelines designed to provide generic support to the
organization in the very process of establishing,
applying or improving the health and safety
management system at work.
A clear strategic approach to identifying risks,
controlling and reducing the level of adverse effects of
risky events is ensured through quality and professional
risk management. In this way, conditions are created in
which it is possible to define priorities and take
appropriate measures in the specific part of the system
in order to reduce damage and losses. Of course, risk
management also has other benefits for organizations
such as the safeguarding of assets, human and material
resources and incomes. Risk management is often a
very complex process that involves a number of
measures and activities, for which numerous methods
and procedures have been developed.
Joy cites the following stages as having an inherent
approach to risk management:
• Identification of risks involving identification of
hazards and situations that potentially can lead to
damage and loss;
• Risk analysis where the extent of risk is estimated as a
result of an adverse event;
• Risk control, which involves deciding on adequate
measures to reduce and control unacceptable risks;
• Implementation and maintenance of the implemented
measures in order to control them and ensure their
efficiency [11].
Bearing in mind that it is not possible to eliminate the
occurrence of hazards and/or harmfulness as well as to
produce perfectly ergonomic means of work that would
not be corrupted or canceled, i.e. to completely
eliminate human error and the human factor during the
work process, it is necessary to choose the organization
of the working environment system which will be
characterized as one that respects the real possibilities
for the emergence of initial risk factors and which will
include measures, procedures and means by which it is
possible to conduct timely elimination of conditions
and/or reducing the consequences of realization of
above mentioned initial risk factors.
It is very important to emphasize that the management
of professional risk itself does not imply elimination of
risk, but rather the reduction of the risk inherent in a
particular system to a level that is deemed acceptable.
Therefore, the work environment will be considered
safe if the risk of the system's environment is

acceptable. In such environment, in certain operating
conditions, a state is maintained with inherent inability
(in a certain percentage of probability) of occurrence of
risky events under the influence of danger and
harmfulness, i.e. their factors.

THE MANAGEMENT OF
PSYCHOSOCIAL RISKS AND
WORKPLACE STRESS
Psychophysiological efforts can damage health of the
workers exposed to them and can occur as a
consequence of exposure to psychosocial risks in the
workplace (e.g. unfavorable work rhythm – work on
norms, work with uneven rhythms, etc., work with
disordered biorhythm – work at night, extended work,
etc., work with difficulty in receiving information due
to the nature of the work environment, etc.). In this
regard, the employer should conduct work-related
stress prevention while carrying out a risk assessment
for psychophysiological efforts at workplaces, with the
prior determination of psychosocial risks and the
identification of stressors.
It is considered that psychosocial and work-related
risks can be managed as well as any other health and
safety risks at the workplace [34]. Proper assessment of
psychosocial risks is a key element in the successful
management of psychosocial risks.
The first step in the successful management of
psychosocial risks is their timely identification, as well
as the identification of those workers or groups of
workers who are under increased risk. Existing data on
sick leaves, injuries, fluctuations and health problems
of workers can help in identifying problematic areas
within the organization. Gathering information about
existing problems from the psychosocial work
environment can give a good insight and encourage a
discussion about the existence of psychosocial risks
within the organization.
Stress management is not only a moral obligation and a
good investment for employers, it is also a legal
priority defined in General Directive 89/391/EEC as
well as in the framework agreements of social partners
at the level of the European Union. Namely, at the level
of the Union, the importance of introducing measures
to encourage improvements in the safety and health of
workers at the workplace has been recognized. A legal
priority defined in the General Directive 89/391/EEC
on Occupational Safety and Health was set up to
encourage the introduction of preventive measures to
improve working conditions in order to contribute to
the safety and health of workers at the workplace.
In addition to the General Directive, a number of
individual directives focusing on specific aspects of
occupational safety and health, including psychosocial
and work-related stress, have been adopted. An
important document in this area is the Framework
Agreement on Work-related Stress [19] of European
social partners from 2004, which aims to provide
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employers and workers with a framework for
identifying and preventing or managing problems of
stress at workplace. The Framework Agreement on
Harassment and Violence at Work [20] was adopted in
2007 with the aim of raising awareness about the
unacceptability of harassment and violence at the
workplace, and provides a framework for activities to
identify, prevent and address the problems of
harassment and violence at the workplace.
The assessment of psychosocial risks is most often
carried out through employee surveys about their
experience of exposure to this type of workplace risk. It
is important to take care of protecting the anonymity of
workers in order for the data obtained to be valid and
reflect the actual situation in the organization. The
assessment of psychosocial risks determines which
risks are most pronounced and pose a risk to health,
injuries or reduced work efficiency [32].
The best way to get to know what problems workers
are facing involves direct contact with workers and
talking to them. There is a number of standardized tools
for assessing psychological risks that are simply usable
on a large number of workers and provide useful
information on levels of psychosocial risk at work,
such as the Psychosocial Risk Assessment
Questionnaire [14,15,21] and the Checklist for the
Prevention of Work-related Stress [5,9,31].

PREVENTION OF PSYCHOSOCIAL
RISKS
Regarding the prevention of psychosocial risks,
reducing or eliminating psychosocial risks in the
organization is a process that requires time and changes
in the work environment, work organization,
management and social climate in the organization. The
process of change can be directed to an organization as
a whole, to a worker or a group of workers.
Interventions should be carried out systematically and
in cooperation with workers.
It is essential to eliminate the identified psychosocial
risks in order to prevent the occurrence of work-related
stress. If risks cannot be eliminated, it is necessary to
educate workers and provide them with available
sources of assistance in order to strengthen their ability
to deal with stressful situations. If, however, there are
workers who show symptoms related to stress at work,
it is necessary to provide them with professional
assistance and support.
Prevention of psychosocial risks can be primary,
secondary and tertiary.
Primary prevention refers to taking measures in an
organization to remove the source of stress and create a
healthy workplace [2]. After assessing psychosocial
risks, it is necessary to introduce changes in the
working environment and the social climate in order to
eliminate or reduce the level of risk or exposure of
workers to risks. The healthy psychosocial working
environment provides the worker with support, a

stronger sense of social inclusion, identity and status,
and an opportunity for professional and personal
development. Primary prevention often requires time to
give results regarding the length of the period in which
employees adapt to new work practices [22].
Secondary prevention refers to empowering workers to
deal with psychosocial risks by teaching them new
knowledge and skills. If psychosocial risks in the
workplace cannot be completely eliminated, it is
necessary to increase the workers' capacities for coping
through education and training [26]. Education and
training can be focused on coping with stress,
developing and improving communication skills,
conflict management skills and time management
skills.
Tertiary prevention refers to providing assistance to
workers who have effects on physical and mental
health due to exposure to psychosocial risks, or to those
who experience the negative effects of stress at work.
Assistance can be provided in the form of individual
counseling or assistance in returning to work.
For the proper assessment and management of
psychosocial and work-related stress, it is important
that workers are involved in problem determination and
the design and implementation of measures. Workers
and their representatives best understand the problems
that are present at the workplace, and their inclusion is
key to successful risk management and the
effectiveness of preventive measures. By consulting
with workers, managers can encourage an open
discussion of problems and expression of concern and
create an atmosphere of trust, which is an excellent
basis for a joint fight against stress at work.
The effectiveness of prevention measures is greater if:
• The implementation of prevention measures is a clear
and structured process;
• Workers are actively involved in the process;
• There is support within the organization and vertical
communication;
• There is support at the sectoral and national level
[34].
In the organizational context, it has been shown that the
effectiveness of measures is greatest when combining
primary and secondary prevention measures, and those
targeted at the organization as a whole, at workers or
groups of workers who are affected by risks due to
different circumstances [7].
Before selecting preventive measures it is necessary to
consider the existing system, to find a place for the
introduction of measures for the removal and/or
reduction of psychosocial risks, i.e. suitable solutions in
real circumstances. A smaller number of well-designed
and structured measures with a clearly defined schedule
of implementation, deadlines, objectives and key
persons for implementation and monitoring are
recommended. When implementing the measures, it is
necessary to monitor the progress in achieving the set
short-term objectives in relation to the set deadlines in
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order to determine whether interventions are taking
place according to the planned course. Feedback from
workers at this stage is also of great importance [18].

CONCLUSION
Taking into account the above, it can be concluded that
the risk assessment process is the basis for the overall
approach to occupational safety and health, bearing in
mind the fact that the entire concept of European Union
occupational health and safety includes the
prescriptions of prevention measures based on the risk
assessment process for each identified. In case that the
risk assessment is not adequately implemented or if it is
completely absent as a process, it is not expected that
preventive measures will be prescribed and applied in
the necessary places.
Risk assessment should be structured in a way that
takes into account all existing hazards. After the
identification of the hazards and harmfulness and
determination of the level of risk, the primary objective
of risk assessment, as mentioned above, is the
elimination of risks, i.e. the introduction of measures
that can eliminate its negative effects.
Psychosocial risk management should be systematic
oriented and on-going process in order that hazards
could be identified, risks analysed and managed, and
workers protected in particular since the relevance of
psychosocial risks to subjective perceptions and the
work environment dynamics make their continuous
assessment necessary.
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UPRAVLJANJE PSIHOSOCIJALNIM RIZICIMA
Živković Snežana, Milenović Miodrag, Rakić Tomislav
Rezime: Danas, rizik se smatra ozbiljnim ekonomskim, javnim i političkim problemom. Profesionalni rizik i stres u
vezi sa radom imaju potencijal da negativno utiču na psihološko i fizičko zdravlje pojedinca, kao i efikasnost
organizacije. Psihosocijalni rizici kao verovatnoća da će psihosocijalne opasnosti u vezi sa radom imati negativan
uticaj na zdravlje i bezbednost zaposlenih kroz njihove percepcije i iskustva identifikovani su kao jedan od glavnih
savremenih izazova za bezbednost i zdravlje na radu. Upravljanje psihosocijalnim rizicima se zasniva na
principima prevencije i ima za cilj otklanjanje ili smanjenje rizika.
Ključne reči: psihosocijalni rizik, upravljanje, preventivne mere, procena rizika, stres.
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SERBIAN ARMED FORCES UNITS
SECURITY MEASURES DURING
CHEMICAL ACCIDENTS CAUSED BY
NATURAL CATASTROPHES
Abstract: Chemical accidents can occur due to the occurrence of
undesired events in the functioning of the plant (technogenic
accidents) during the war conflicts with the planned action of the
enemy in the objects of the process industry (destruction of chemical
plants), but also as a result of natural disasters (earthquakes or
floods). In these circumstances, besides civilian structures, units of the
Serbian Armed Forces, which are in the immediate vicinity of the
plant, may also be involved. The consequences that result from the
destruction of chemical plants can significantly aggravate the
functioning of the local community and military units. Problems have
been noticed in this paper, one of the ways of securing the units of the
Serbian Armed Forces during the destruction of chemical plants is
shown, and proposals for procedures for reacting in these
circumstances.
Key words: facilities destruction, tactical units, security, consequences
removal

INTRODUCTION

MILITARY AND ACCIDENTS

Emergency situations caused by natural disasters affect
many human lives on a daily basis, and in various ways
destroy and degrade the environment, directly or
indirectly, causing great material damage and losses.
The risk of catastrophes exists in every society and
their occurrence in one region can cause damage in
another region, because they are not locational. The
consequences of natural disasters can also be damage
of to large plants, which leads to the emission of
harmful substances into the environment.
No country, regardless of the level of development, can
ignore the risks and dangers of natural disasters and
other forms of destructive activity on humans, plants
and the environment. Total losses, either indirect or
direct, are billions of euros. The Republic of Serbia has
systematically regulated the safety of its citizens and
the establishment of organized protection of the
population in situations when they are affected by
opportunities that hinder or prevent the regular
functioning of the society and are caused by the effects
of natural disasters. This paper presents the role and
method of reacting the Serbian Army to the occurrence
of rightful events due to the emergence of natural
disasters, with special emphasis on chemical hazards.
Roles and obligations are described before, during and
after the occurrence of an unwanted event whose
occurrence is treated as a consequence of a natural
disaster and the considered advantages and
disadvantages of the existing system.

Accidents are possible at all times and in different
places, especially in the areas where chemical plants or
storages for dangerous chemical materials (DCM) are
located and where the traffic and transport of dangerous
and harmful substances. The consequences that can
occur (big human and material losses) have imposed a
need for the implementation of adequate security
measures against chemical accidents [1].
In peacetime, the Serbian Armed Forces (SAF), as an
integral part of the society, deployed in the appropriate
space can be endangered by the consequences of the
chemical accident. In this case, the procedures for
protecting people, equipment, facilities and land are
similar and to a certain extent aligned with the
operation of the competent civil authorities. In SAF
there are appropriate regulations and instructions in
which are provided procedures, measures and tasks for
securing of commands, units and institutions from the
accident and are given the basis of the organization of
such security with the aim of preventing surprises,
creating favorable working conditions, and preserving
operational and functional abilities [2].
In war, the situation is far more complicated, since the
number of causes of the chemical accident increases
considerably. In addition to characteristic, peaceful
chemical accidents, the effects of chemical weapons on
chemical plants are possible, random and planned.
Also, the state of war largely limits the possibility of
protection and makes it difficult to take measures to
remedy the consequences of such destruction. This
issue is supported by the statement of the increasing
orientation of combat actions towards urban areas,
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where the most commonly concentrated chemical
plants [3].
During natural disasters, the effects on the local
community can be very high. Similarly as during the
war, the possibility of preventive and proactive action
in progress and immediately after a natural disaster has
been significantly reduced. Also, some of the natural
disasters, such as earthquakes and floods, can affect
factory plants, thus enabling the emission of harmful
substances into the atmosphere or air, endangering
civilians and the army. When it comes to the third
mission of the SAF (support to civilian authorities in
countering threats to security), the tasks are aimed at
providing support and assistance to civilian authorities.
This is directly related to the natural and industrial
hazards and consequences of an accident that pose an
increasing threat to the development of society.

HAZARDS AND CONSEQUENCES OF
DAMAGE OF TO CHEMICAL PLANTS
A chemical accident can happen in peace, but also in
war. Since the notion of an accident implies coincidence, an unexpected event, for war conditions,
more appropriate term is destroying chemical plants. It
includes planned, deliberately induced war destruction
of chemical plants with the aim of causing human and
material losses and environmental degradation for a
longer or shorter period of time. The accidental
character of a real event is much more suitable for
natural disasters. The earthquake in the market area can
damage the chemical plant and cause the emission of
harmful substances into the environment. Flooding in
the coastal area may cause the chemical plant to
submerge, and cause the emission of harmful
substances into watercourses. The SAF units may also
be exposed to all these actions.
Undesirable events can occur on the production sites
itself, but also in the chemical reservoirs, warehouses
of raw materials and finished products, pipelines,
vehicles for the transport of dangerous goods (tanks,
wagons, ships) and various auxiliary facilities. The
consequences of natural disasters, even in Serbia, could
have taken on the unimaginable consequences that
certain facilities containing hazardous substances were
not defended (for example, in Šabac). Also, the near
past points to all the unscrupulousness of the enemy
and the situation that can arise in the deliberate
destruction of various factories, including chemical
plants [4].
In general, it can be said that the risk of occurrence of
unwanted events in chemical plants by type, intensity
and size depends on:
 DCM physical-chemical properties and toxicity;
 DCM released quantities;
 distance of the plant from the settlement or SAF
units;
 land characteristic;

 meteorological conditions (soil and air temperature,
wind speed and direction, vertical air stability ...);
 the organization readiness, as well as the
appropriate authorities for undertaking preventive
measures and measures to eliminate the
consequences of a the accident and
 the unit's ability to take protective measures and
eliminate consequences.
Potentially the biggest and most dangerous sources of
danger are:
 gases and vapors - ammonia, nitrogen and sulfur
oxides;
 sulfur dioxide, carbon monoxide, and carbon
dioxide, chlorine, fluorine, phosgene, hydrogen
sulfide and volatile hydrocarbons;
 inorganic and organic acids (sulfur, nitric,
hydrochloric, fluoride hydrogen, vinegar, ants ...);
 hydroxides (sodium, potassium, ammonia);
 organic solvents and other compounds (benzene,
toluene, o-oxylol, methanol, formaldehyde, phenol,
acetone, nitro benzoyl, aniline, chlorinated
hydrocarbons and organic phosphorus compounds);
 from the group of metals and non-metals: arsenic,
mercury, zinc, lead, cadmium ... and their
compounds, then nitrates and phosphates and
 from the pesticide group: herbicides, insecticides,
fungicides and defoliants [5].
The most sensitive chemical plants are in basic, then in
processing chemistry, petrochemicals and refineries,
metallurgy and transport. Unfortunately, chemical
plants in the Republic of Serbia are mainly located in
large urban areas, so potential problems can occur in
peace, during natural disasters or in the course of
warfare.
Chemical substances are generally very sensitive to
heat, moisture, mixing with other substances, impact,
etc. This also indicates the high sensitivity of chemical
plants in combat operations and when exposed to the
effects of natural disasters, when they can easily be
damaged.
When considering the possible consequences of
damage to chemical plants, account should be taken of
the primary affected area (PAA) and the subsequently
affected area (SAA). The destruction of chemical plants
in combat operations would happen with or without an
explosion, and depending on the type of DCM, it would
cause an instant or gradual release of matter into the
atmosphere. In the immediate vicinity of the chemical
plant, in PAA, very high fatal concentrations of poison
in the atmosphere would be created, with pronounced
contamination (aerosol, droplets, etc.). In such
conditions, there may be interactions between different
compounds and the formation of new toxic substances.
The Secondary affected area is characterized by the
formation of a contaminated cloud that can be affected
by large spaces, (Figure 1), which is similar to war
poisoning.
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Figure 1. Graphic representation of the situation

after chemical accident using the
NBC ANALYSIS software [6]
In peacetime conditions, during a natural disaster,
damage to chemical plants is similar to the above.
Earthquake can cause the emission of harmful
substances off the factory plant, most often in the air,
while floods can lead to aquatic emissions, The fatal
effect is mainly related to these substances in the
immediate vicinity of the damaged plant, but the
adverse effects of intoxication can thus be significantly
increased.
Danger for SAF units that will prepare and perform
activities near damaged chemical plants can cause
certain consequences. Therefore, the general working
or combat conditions are changed
The most common consequences of the destruction of
chemical plants are:
а) in PAA: intense human intoxication, severe droplet
contamination of material assets, objects and land, and
the occurrence of specific fires;
б) ) in SAA: moderate intoxication, and contamination
with aerosols and vapors of the wider territory.
Depending on the type and quantity of released
hazardous materials, meteorological and other
conditions, it can also occur demolition in the center of
the PAA, panic in units and population, more
permanent pollution of the environment and other.
When it comes to units of the Army, it is necessary to
ensure their work and prevent major damage to
chemical plants.

UNITS RESPONSE ON TO SECURING
FROM CHEMICAL FACILITY
DESTRUCTION
Damage or destruction of chemical plants can affect the
activities of SAF tactical units (make it difficult to
make a decision, postpone the execution of the task,
request a plan, disrupt the continuity of operations in
war or peace, etc.), causing losses, the intoxication of
personnel and contamination of equipment and objects.
The most important measures and activities of the
command of the tactical unit in the domain of security
against the negative effects of damage or destruction of
chemical plants are:

a. collecting data on dangerous substances in chemical
plants in the regions where the units are located;
b. assessment of the risk of occurrence of unwanted
events in the regions where the units are;
c. the use of teams for securing from chemical
accidents or recruiting of new members in war (if
necessary);
d. training of officers, commands and units for
implementation of protection and security measures.
Data collection needs to be established:
 types and quantities of dangerous substances and
their safety status (whether the tanks are buried,
whether there is a possibility of displacement,
discharge into watercourses, etc.),
 physical - chemical characteristics of materials,
 manipulating DCM and transporting the same to
chemical plants and in them,
 the DCM's impact on people and the environment,
 their behavior in case of damage to the object (size
of the PAA, formation of the contaminated cloud
and its range, depending on the forecasted
meteorological conditions, stability, etc.),
 getting acquainted with the Chemical Abatement
Plan,
 way of aligning the activities with the competent
authority in the chemical state.
The assessment of the risk of occurrence of adverse
events in chemical plants in the regions where the units
are located, in principle, includes:
 units vulnerability estimation,
 assessment of the units ability to implement security
measures against the effects of hazardous
substances from a concrete chemical plant,
 the territory assessment,
 meteorological conditions assessment,
 Primary affected area assessment,
 Secondary affected area assessment,
 assessment of possible consequences ,
 assessment of the capabilities of chemical
enterprises and civil protection units in the territory.
On the basis of the performed assessment, conclusions
are drawn which, in principle, contain:
 the name and location of the chemical plant, the
type and quantity of hazardous substances in it,
 available time for notification - alerting and unit
protection measures,
 possible effects on live power, mobile assets and the
environment,
 state of equipment for personal and collective
protection and elimination of consequences,
 measures taken by the competent authorities in the
chemical plant,
 the ability of the unit to reduce the consequences of
unwanted events, in cooperation with enterprises, to
the extent that will ensure the continuity of
performance of work tasks.
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The filling of an existing team for the security of
chemical accidents in peace to new members is an
important activity of the unit and is reflected in the
need for its continuous functioning, bearing in mind
that the eventual occurrence of an accident in the areas
in which the unit is located is in a significant and
specific problem for units command. It is necessary
that the team, on the basis of a comprehensive
assessment, submit to the commander a proposal for
solving the problem. The team as a whole and each
member of its competence undertakes measures to
increase the operational and functional capabilities of
the command and units. For this purpose, several
variants are being developed for taking measures and
engaging forces for possible cases of undesirable
consequences (war in the wake of war or major
miraculous events in peace).
Training of officers, commands and units for the
implementation of security and protection measures is a
permanent task of SAF units. The basis for training is
the regular training of commands and units for
conducting combat operations in the conditions of
application of weapons of mass destruction,
supplemented with new contents specific to security
from the occurrence of unwanted events at chemical
plants. Officers and command training is realized
through familiarization with hazards, probable effects,
security organization, as well as applied training of
command, where the modeling of possible situations
trains the officers and controls their capabilities. In
particular, the team for securing from chemical plant
destruction is being trained, focusing on applied forms
of training for specific tasks in providing a unit of
securing from chemical plant destruction such as:
situation assessment, calculation of possible effects, an
organization of elimination of consequences, etc.
The training of professional soldiers and units is
realized through getting to know the danger of
chemical plant destruction and its effects, as well as by
practicing concrete actions and procedures for
protecting people and movables and eliminating
consequences [7].
To perform tasks securing from damage to chemical
installations due to war or natural disasters (rescue,
evacuation, first aid, disinfection, decontamination),
special teams for the elimination of consequences and
unit (medical, traffic, firefighting, CBRN, engineering
etc.) are trained. Training in the implementation of
certain actions and procedures is carried out with
existing (formative) means of protection and
decontamination and local resources, if the unit has
them.
General protection measures are carried out by all SAF
members in accordance with the tasks and
responsibilities of the missions assigned. General
measures are realized by: reconnaissance, using
personal and collective protection tools, power
maneuver, dosimetry control, organization of control

and protection services and decontamination [8].
Additional activities are:
 pointing first and emergency medical help,
 establishment of a disrupted system of command
and unit regulation (if necessary),
 fire extinguishing (if caused by the effects of
dangerous substances) - Figure 2,
 removing obstacles and clearing ruins - Figure 3,
 and the execution of chemical decontamination
(people, movables and objects) - Figure 4.

Figure 2. Fire extinguishing (from ground and air)

Figure 3. Deforestation of ruins using
engineering assemblies

Figure 4. Chemical decontamination of mobile assets
Measures for removing consequences must be preplanned (planned), organized organically and according
to the goal, place and time. The personnel who
implement them must be trained and trained in different
variants of the treatment of adverse effects [1], [9].

CONCLUSION
When considering combat actions in contemporary
conflicts, the problem of damage to chemical plants
during natural disasters or in war conditions, with
certain human and material losses and long-term
consequences for the environment, is inevitably
imposed. In this case, the unit's unit, during the
preparation and execution of activities, plans, organizes
and implements certain measures.
The effects of damaging or destroying a chemical plant
are similar to a chemical attack, and by some
manifestations even complex. The region in which the
units are located may spatially cover the chemical plant
or be in its vicinity. Security from the occurrence of
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unwanted events at chemical plants during the
execution at the level of the tactical unit is managed by
the team for securing from chemical plant destruction.
In particular, the measures that the team plans and
organize in order to eliminate the possible
consequences of the rightful events, in particular:
pointing out first and emergency medical help,
firefighting and chemical decontamination [10].
When considering the effects of the elimination forces,
a key problem was detected, a large variety of
hazardous substances that can be found in the combat
area, which prevents the standardization of methods
and training of military units. On the other hand, all of
them have forces in the territory, for a concrete
chemical plant. Therefore, the activities of the SAF
units must be coordinated with the measures of the
special teams of chemical plants and authorities in the
territory, so that they are the carrier of the activity, and
that the units of the SAF help in this, first of all, as
support for the implementation of complex and
dangerous activities [11], [12].
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OBEZBEĐENjE JEDINICA VOJSKE SRBIJE PRILIKOM HEMIJSKIH
AKDICENATA IZAZVANIH PRIRODNIM KATASTROFAMA
Srđan Rutić, Dejan Inđić
Rezime: Hemijski udesi mogu da nastanu usled pojave neželjenih događaja pri funkcionisanju postrojenja
(tehnogeni udesi), u toku ratnih sukoba planskim dejstvom neprijatelja po objektima procesne industrije (razaranje
hemijskih postrojenja), ali i kao posledica prirodnih katastrofa (zemljotresa ili poplava). U ovim okolnostima
pored civilnih struktura mogu biti zahvaćene i jedinice Vojske Srbije koje u neposrednom okruženju postrojenja
izvode svoje aktivnosti. Posledice koje nastaju razaranjem hemijskih postrojenja mogu značajno otežati
funkcionisanje lokalne zajednice i jedinica vojske. U radu je su razmatrani problemi obezbeđenja jedinica Vojske
Srbije prilikom razaranja hemijskih postrojenja i dati su predlozi postupaka za reagovanje u ovim okolnostima.
Ključne reči: razaranje postrojenja, taktičke jedinice, obezbeđenje, Vojska Srbije.
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„MENADŽMENT LJUDSKIH
RESURSA“
Nikolaj Petrovič Nikolenko
U savremenom poslovnom ambijentu, ljudi su postali
najvredniji resurs organizacije i glavni faktor
konkurentske sposobnosti i organizacione uspešnosti.
Promene u strukturi, funkciji, načinu poslovanja
savremenih organizacija uslovile su promene u
shvatanju ljudskih resursa, njihovog razvoja i
upravljanja.
Od
strogo
racionalnih,
krutih,
tradicionalnih organizacijskih modela došlo je do
zaokreta prema čoveku kao kompleksnom fenomenu
koji daje značajan pečat procesima organizacije i
rezultatima tih procesa, uspehu ili neuspehu
organizacije. Ostvarivanje kreativnosti, produktivnosti i
razvoja ljudskih resursa podrazumeva organizacijsku
klimu u kojoj vladaju humani uslovi i bezbedni radni
ambijent usklađen sa ljudskom prirodom i potrebama
bezbednosti i zaštite zdravlja odnosno očuvanja
psihičkog i fizičkog integriteta na radnom mestu.
Ovakav tretman zaposlenih u interesu je pojedinca,
zbog njegovog zadovoljstva, zdravlja, motivacije i
boljeg učinka na radnom mestu, ali i samih
organizacija, zbog uspešnijeg ostvarivanja poslovnih
ciljeva.
Tržišna orijentisanost privrede, privatizacija preduzeća,
pojava stranog kapitala i multinacionalnih kompanija u
Republici Srbiji dodatno su istakli potrebu i značaj
organizacionog i personalnog jačanja funkcije
upravljanja ljudskim resursima. Tome, svakako, treba
dodati izazove koje donosi proces globalizacije, etičkog

i društveno odgovornog poslovanja i delovanja, ali i
primene novih tehnologija i prilika koje IKT pružaju u
poslovanju. Tranzicioni procesi i restrukturiranje
privrede doveli su do značajnog rasta broja
nezaposlenih i, s tim u vezi, brojnih problema koji
zahtevaju ozbiljne zahvate kako od strane vlade
(iniciranje programa prekvalifikacije, podsticanje
preduzetništva), tako i samih organizacija. Sve su to
momenti koji su uticali na razvoj menadžmenta
ljudskih resursa u srpskom privrednom kontekstu.
Međutim, komparacija sa inostranim iskustvima
pokazuje da je u srpskim preduzećima funkcija
upravljanja ljudskim resursima još uvek nedovoljno
razvijena. Na nju se obično nailazi pod nazivom
''kadrovska služba'' odnosno ''kadrovska funkcija'' koja
se svodi, uglavnom, na administrativne poslove iz
radnog odnosa tako da menadžment preduzeća,
zaposlene u ovom sektoru ne smatra istinskim
partnerima u upravljanju.
Politiku upravljanja ljudskim resursima treba razvijati u
skladu sa specifičnostima u strategiji, biznisu, kulturi i
potrebama svake konkretne organizacije. Od posebnog
je značaja zapošljavanje stručnjaka odgovarajućeg
obrazovanja ili odgovarajuće obučenosti za obavljanje
različitih poslova i aktivnosti upravljanja ljudskim
resursima.
Kao
nastavna
disciplina
Upravljanje/menadžement ljudskim resursima, danas se
izučava u okviru studijskih programa velikog broja
visokoškolskih ustanova, tako da se u organizacijama
stalno povećava broj izvršilaca odgovarajućih
kompetencija za rad u ovoj oblasti.
Upravljanje ljudskim resursima, kao nastavna
disciplina, uvodi se u studijske programe master
akademskih studija Fakulteta zaštite na radu u vreme
velikih promena u društveno – ekonomskom i
privrednom životu naše zemlje. Restruktuiranje
privrede donelo je niz promena u privrednom
ambijentu, ali i nove rizike u radnoj i životnoj sredini.
Na putu pridruživanja EU, usvojena je nova zakonska
regulativa koja se odnosi na bezbednost i zdravlje na
radu, zaštitu od požara, zaštitu životne sredine,
upravljanje vanrednim situacijama, zaštitu i osiguranje
lica i imovine i usaglašena sa evropskom regulativom u
ovoj oblasti. Kompleksni problemi integrisane zaštite,
upravljanja rizicima i bezbednošću i standardizacije u
ovoj oblasti ukazuju da treba mnogo toga naučiti da
bismo se snašli u novom okruženju. Restrukturiranje
privrede nosi sa sobom sve ono što duboko reže u tkivo
naših organizacija. Preduzeća se gase, spajaju,
smanjuju, utapaju u druga, prerastaju u nova. Ove
promene zahtevaju nova znanja: u organizaciji rada i
zaštite na radu, upravljanju rizicima i bezbednošću,
marketing aktivnostima, upravljanju finansijama, u
uvođenju informacionih sistema, zapravo, zahtevaju
drugačije bavljenje pitanjima upravljanja i razvoja
ljudskih resursa.
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U knjizi Menadžment ljudskih resursa ruskog autora
N.P. Nikolenka, predstavljena su savremena dostignuća
iz oblasti upravljanja ljudskim resursima i navedena
neka od aktuelnih rešenja koja se primenjuju u praksi u
sistemu osiguranja. Obzirom da se problemi osiguranja
dovode u neposrednu vezu sa problemima zaštite i
bezbednosti radne i životne sredine, verujemo da će
sadržaj ove knjige predstavljati korisno i inspirativno
štivo za sve one koji se bave problemima bezbednosti i
osiguranja lica i imovine.
U prvom delu rada, autor razmatra razvoj naučnih
pogleda o upravljanju ljudskim resursima. S tim u vezi
predstavljena je klasična škola upravljanja, teorija
ljudskih odnosa, bihevioristički i humanistički pristup
upravljanju ljudskim resursima. U drugom delu rada,
autor ljudske resurse posmatra kao objekt upravljanja te
opisuje karakteristike, ulogu i mesto ljudskih resursa u
osiguravajućoj kompaniji. U trećem delu pod nazivom
Strateško upravljanje ljudskim resursima, razmatrane
su sličnosti i razlike strateškog i operativnog
upravljanja ljudskim resursima, predstavljena je
organizacija strateškog upravljanja ljudskim resursima
osiguravajuće kompanije i opisan sadržaj sistema
upravljanja ljudskim resursima. U četvrtom delu rada,
predstavljeno je formiranje ljudskih resursa
organizacije. Počev od utvrđivanja potrebe za ljudskim
resursima, predstavljen je proces selekcije personala i
adaptacije novih saradnika. U petom delu rada pod
naslovom Razvoj ljudskih resursa organizacije,
razmatrano je formiranje korporativne kulture
organizacije, osnovi motivacije ljudskih resursa,
komunikacija
personala
i
upravljanje
tom
komunikacijom, kao i upravljanje konfliktima u
organizaciji. U šestom delu rada, autor ponovo
razmatra razvoj ljudskih resursa, ali iz diskursa
stvaranja i razvoja timova, liderstva i problema
formiranja lidera. Takođe predstavljen je sistem
obučavanja ljudskih resursa. U sedmom delu rada pod
nazivom Subjekti upravljanja ljudskim resursima i
organizacija rada kadrovske službe predstavljena je
organizacijska struktura upravljanja ljudskim resursima
osiguravajuće kompanije i organizacija efikasnog rada
službe upravljanja ljudskim resursima i zahtevi u
odnosu na menadžere upravljanja personalom.

Izražavamo zahvalnost autoru studije ''Menadžment
ljudskih resursa'' Nikolaju Petroviču Nikolenku koji je
dao saglasnost za objavljivanje ove knjige na srpskom
jeziku, kao i Milošu Matoviću
za prevod ove
publikacije.
Verujemo da će ova publikacija ruskog autora
Nikolenka učiniti pomak ka formiranju savremenog
pristupa upravljanju ljudskim resursima i tako
opravdati veliki trud koji je uložen u njeno prevođenje,
uređivanje i izdavanje. Pošto su poruke studije
namenjene budućim generacijama, očekujemo da se
izučavanjem Upravljanja ljudskim resursima kao
nastavne discipline na Fakultetu zaštite na radu razvija
generacija humanistički orijentisanih inženjera zaštite
koji će imati dovoljno snage da u svojoj sredini
implementiraju savremene pristupe upravljanja
ljudskim resursima u kontekstu integrisane zaštite i
upravljanja bezbednošću u radnoj i životnoj sredini.
Publikaciju preporučujemo svima koji se bave
pitanjima menadžmenta ljudskih resursa kroz
obrazovanje na visokoškolskom nivou, ali i onima koji
žele da primene stečena saznanja u neposrednoj
poslovnoj praksi odnosno svima koji se u poslovnim i
drugim organizacijama profesionalno ili logikom svoje
pozicije bave ovim problemima.

Novi pogledi na upravljanje ljudskim resursima
predstavljaju izazov i za nauku i za praksu bezbednosti
i zaštite. Kako će se ti izazovi prihvatiti, od toga zavisi
i oblikovanje budućnosti. Ako se budućnost posmatra
sa stanovišta promena i izazova koji se u publikaciji
analiziraju, tada u ciljevima upravljanja ljudskim
resursima valja uključiti razvoj ljudskih resursa za svet
koji se menja, upravljanje znanjem i permanentno
učenje da se pojedinci i organizacije uspešno susreću i
nose sa rizicima i bezbednosnim izazovima. To će biti
moguće samo ako se razvoj ljudskih resursa shvati kao
aktivno usmeravanje i promišljeno kretanje u
budućnost.
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Aktuelna dešavanja u različitim krajevima sveta
pokazuju da se vanredne situacije događaju u svim
društvima i državama bez obzira na nivo njihovog
privrednog i ekonomskog razvoja. Zanimljivo je da se,
upravo, vrlo moćne države, vojno-političke i
ekonomske sile nisu, u takvim situacijama, posebno
afirmisale. To, zapravo, potvrđuje naše stanovište da se
radi o složenim i kompleksnim problemima koji u
teoriji nisu dovoljno proučavani i naučno valorizovani.
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„BEZBEDNOST RADNE I ŽIVOTNE
SREDINE, VANREDNE SITUACIJE I
OBRAZOVANjE“
Vesna Nikolić
Nenad Živković
Pred čovekom se nalazi večita upitanost za budućnost.
Promišljanje obrazovanja iz diskursa bezbednosti radne
i životne sredine i upravljanja vanrednim situacijama,
predstavlja imperativ savremenog doba. Uviđanje
perspektiva za budućnost znači svesno i kreativno
učestvovanje u njenom stvaranju. Potrebno je u
različitim oblastima obrazovanja i učenja, stvarati
prilike da se budućnost dogodi. U tom kontekstu
potrebne su nam vizije kao bitan motivacioni faktor na
putu osvajanja bezbedne i održive budućnosti. Kretanje
ka budućnosti treba da bude osmišljeno sa logičkim
anticipacijama i saznanjima koji će omogućiti kako
primenu principa predostrožnosti i održivosti u
privrednom i društvenom razvoju, tako i razvoj
kompetencija za odgovarajuće ponašanje i odgovor u
eventualnim vanrednim situacijama.
Prisustvo i permanentno generisanje rizika i opasnosti u
radnoj i životnoj sredini ugrožavaju bezbednost i
dovode do takvih havarija, katastrofa i vanrednih
situacija koje se po svojim ekološkim, ekonomskim i
socijalnim posledicama ne mogu zadržati u političkim,
nacionalninm i geografskim granicama. Otuda se
problemi bezbednosti i upravljanja vanrednim
situacijama
posmatraju
kao
opštecivilizacijski
problemi.

Dakle, dilemi mesta nema da se radi o naučno
opravdanom i društveno značajnom istraživačkom
problemu. Zadatak koji smo sebi postavili u ovom radu
nije bio nimalo lak. Baviti se ovom problematikom
jeste naša potreba i realnost, ali postavlja se pitanje
njenog inter i multidisciplinarnog razumevanja i
promišljanja, poznavanja fenomena kojim se upravlja,
traganja za mogućnostima preventivnog delovanja,
pronalaženja načina i mogućnosti optimalnog odgovora
i oblikovanja odgovarajućeg ponašanja u svim fazama
vanrednih situacija, razvoja ljudskih resursa,
obrazovanja, informisanja, podizanja javne svesti,
obuke i permanentnog usavršavanja pripadnika
nadležnih službi i jedinica koji posredno ili neposredno
učestvuju u odgovoru na vanredne situacije, razvoja
međusektorske saradnje i koordinacije rada i dr. Svesni
širine i kompleksnosti teme odnosno činjenice da bi
jedna sveobuhvatna studija ove problematike zahtevala
timski rad i nekoliko tomova knjiga u kojima bi se ona
mogla izložiti, trudili smo se da u radu pružimo
odgovore na neka, po našem mišljenju suštinska,
fundamentalna pitanja i probleme u ovoj oblasti.
U knjizi su predstavljeni rezultati višegodišnjeg rada
autora na polju unapređivanja bezbednosti radne i
životne sredine koji su nastali, uglavnom, u okviru
istraživačkog rada na različitim projektima finansiranih
od strane Ministarstva za nauku i tehnološki razvoj i
Ministarstva za zaštitu životne sredine Republike
Srbije. Otuda, sadržaj ove knjige, dobrim delom, čine
objavljeni radovi koji su nastali zanimanjem autora za
različite segmente bezbednosti radne i životne sredine,
vanrednih situacija i obrazovanja. Njenom oblikovanju,
u velikoj meri je doprinela i višegodišnja saradnja sa
prof.dr Nenadom Živkovićem, koji je zbog toga i
koautor ove studije (drugog i trećeg dela). Monografija
zapravo predstavlja teorijsku platformu za didaktičkometodički priručnik obrazovanja i osposobljavanja u
ovoj oblasti koji priprema prof. dr Vesna Nikolić.
Koncepcijski i sadržajno knjiga može biti od koristi
studentima onih visokoškolskih institucija koje se bave
problemima obrazovanja za bezbednost radne i životne
sredine i vanredne situacije ali i svima onima koji se
posredno ili neposredno bave ovom problematikom.
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informalnim učenjem. To su četiri glavna, u razvijenim
zemljama, skoro ravnopravna oblika učenja koja se
povezuju u sastav doživotnog učenja. Kako se veliki
deo obrazovanja odvija izvan škole, na mestima rada i
života odraslih, tako čitavo društvo postaje ''drušvo
koje uči''. Otuda je doživotno učenje imperativ
savremenog doba i conditio sine qua non održive
budućnosti.
Potreba doživotnog učenja na putu ka održivom
društvu, promoviše sistemski pristup obrazovanju te
participaciju kadrova različitih profila u obrazovanju za
zaštitu. Postavlja se pitanje njihove pedagoškoandragoške pripremljenosti za realizaciju nastavnog i
obrazovnog rada u ovoj oblasti.

„TEORIJA I ORGANIZACIJA
OBRAZOVANJA ZA ZAŠTITU“
Vesna Nikolić
Poslednjih decenija, zaštita radne i životne sredine
postaje sve aktuelnije istraživačko polje nauka o
vaspitanju i obrazovanju.
Andragogija je komparativno posmatrajući u odnosu na
druge discipline, prilično kasno pristupila proučavanju
ove oblasti čovekovog rada i života. Došlo se do
saznanja da je učenje i obrazovanje ključ za
razumevanje zaštite radne i životne sredine i ljudske
bezbednosti u uslovima, s jedne strane, ubrzanog
naučno-tehnološkog i društveno-ekonomskog razvoja,
ali i sve prisutnije koncepcije društva rizika, s druge
strane. To je antropološki fenomen u kome je učenje
bitan element ''osvešćivanja'' čoveka i motivaciona
snaga, glavni resurs za održivi razvoj, humanizaciju
rada i život u ''harmoniji'' i skladu sa prirodom.
Takvo učenje ima moralne i filozofske dimenzije. U
pitanju je kompleksan problem, uslovljen nizom
činilaca različite prirode, u kome se na svojevrstan
način reflektuje višestruka zavisnost savremenog sveta,
i jasno dolazi do izražaja međusobna povezanost
globalnog i lokalnog. Mnoga pitanja koja se postavljaju
u vezi sa zaštitom radne i životne sredine otvorena su i
podložna kritičkim promišljanjima. No, to je slučaj i sa
drugim naučnim oblastima, što, nema sumnje, izražava
dijalektiku nauke.
Da bi se išlo u korak sa vremenom, odgovorilo
potrebama zaštite radne i životne sredine i zahtevima
održivog razvoja, neophodno je učenje tokom celog
života. Zato osim školovanjem, obrazovanje za zaštitu
radne i životne sredine treba da se sprovodi i
neformalnim obrazovanjem, samoobrazovanjem i

Koncepciju ovog rukopisa, znatno je opredelio
savremeno shvatanje potrebe i značaja razvoja
pedagoško-andragoških i didaktičko metodičkih
kompetencija za nastavno-obrazovni i instruktivni rad
svih kadrova koji se neposredno ili posredno (u
školskom i vanškolskom sistemu) bave obrazovanjem
(obukom, treningom, usavršavanjem) u oblasti zaštite
radne i životne sredine. Obzirom na širinu i obuhvat
obrazovne populacije te otuda angažman različitih
kadrova za nastavno-obrazovni rad kako sa decom i
omladinom tako i sa odraslima, zadatak nije bio lak, ni
jednostavan. Otuda je, koliko su to prostorna
ograničenja definisana Pravilnikom o kvalitetu
udžbenika dozvoljavala, učinjen pokušaj svojevrsne
simbioze
fundamentalnih
pedagoško-andragoških
saznanja i zakonitosti psihologije učenja u ovoj oblasti
koja zapravo predstavljaju osnovu za dalje promišljanje
specifičnosti nastavno-obrazovnog delovanja u
pojedinim segmentima obrazovnog sistema i pojedinim
područjima zaštite.
Rukopis pod nazivom Teorija i organizacija
obrazovanja za zaštitu nastao je, zapravo, kao proizvod
profesionalnog angažovanja i opredeljenja autorke, a
posebno je rezultat dugogodošnjeg nastavnog i naučnog
rada u ovoj oblasti. Pisan je u vidu univerzitetskog
udžbenika, a namenjen je, pre svega, studentima
Fakulteta zaštite na radu, ali i studentima drugih
visokoškolskih institucija koji pripremaju kadrove iz
oblasti zaštite radne i životne sredine, a koji imaju
potrebu da svoje bazično profesionalno obrazovanje
dopune
specifičnim
pedagoško-andragoškim
i
didaktičko-metodičkim
sadržajima.
Teorija
i
organizacija obrazovanja za zaštitu, takođe, može biti
inspirativno, informativno i praktično upotrebljivo štivo
za stručnjake iz različitih oblasti, koji se povremeno ili
stalno bave obrazovanjem odraslih ili se nalaze u
situacijama organizacije i realizacije obrazovanja i
učenja odraslih (instruktori, menadžeri i dr.).
Istovremeno, može da posluži kao svojevrstan izazov
na putu sistematskog, planskog, kordinisanog i
partnerskog delovanja školskih i vanškolskih činioca
obrazovanja za zaštitu.
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granama kao u epidemiologiji, virusologiji, reumatologiji,
hirurgiji, dijagnostici kancera, metaboličkih bolesti,
vaskularnih promena, stomatologiji, kao i za otkrivanje
različitih bolesti i pre nego što su doživeli punu kliničku sliku
pa je značajna njena uloga u ranom otkrivanju i prevenciji.

TERMOVIZIJSKE KAMERE
Instrumenti za termovizijsku dijagnostiku

Termovizijska dijagnostika se koristi u tehničke i medicinske
svrhe, a posebno je našla primenu u zaštiti i bezbednosnim
sistemima. Termovizijske kamere omogućavaju da ljudsko
oko sagleda ono što ne može da vidi. Svako telo emituje
određenu količinu energije koja može da se registruje
kamerom za termoviziju.
Na osnovu rezultata snimanja ili posmatranja kroz objektiv
kamere, registruje se infracrveno ili toplotno zračenje i
najnižeg stepena, a omogućava se izuzetno precizno merenje
temperature bez ikakvog kontakta sa objektom čije se fizičke
karakteristike mere. Na osnovu rezultata dobijenih
testiranjem moguće je napraviti preciznu evaluaciju
mehaničkih, termičkih, električnih i bioloških procesa.
Informacije o struji, voltaži, otporu i energiji su dragoceni za
adekvatno postavljanje električnih instalacija i njihovo
puštanje u rad.
Kineska kompanija Wuhan Guide Infrared, koju na našem
tržištu zastupa "Aleksandar Inženjering", godinama
unapređuje tehnologiju registrovanja termalne, odnosno
infracrvene energije. Termovizijske kamere "Wuhan Guide
Infrared" su tehnološki superiorni proizvodi, visokih
performansi i za životnu sredinu neškodljivi.
Za industriju
TP8 serija
Za zaštitu od požara, zaštitu radne i životne sredine
Protivpožarna ručna termička kamera IR1190 je opremljena
sa detektorom ultravisoke rezolucije, što joj omogućuje
prikazivanje slike besprekorne jasnoće, a time se pomaže
vatrogascima da vide kroz oblake dima i da identifikuju
moguće žrtve pre nego što do dođe do povrede, ili smrti

EasIR Serija i EasIR-9
EasIR Serija je nova infracrvena kamera
proizvođača Guide, koja pomera granice
infracrvenog snimanja svojim odličnim
karakteristikama i niskom cenom.
Dizajnirana je za rad pod teškim radnim
uslovima i za korisnike, koji ne moraju
biti visoko obučeni, EasiR Serija je
otporna na udarce i robus tna i pod
najtežim radnim uslovima.
Za medicinu
Termovizijske kamere vrlo lako i precizno detektuju
detektuju temperatune razlike pojedinih delova površine tela
čoveka i životinja i mogu se koristiti u mnogim medicinskih

Napredna tehnologija infracrvenog merenja temperature vam
pomaže da odredite tačan izvor vatre, a time da donesete
tačnu i blagovremenu odluku, koja neće biti ugrožena od
strane nepreciznosti merenja detektora. Na raspolaganju je i
bežični prenos video informacija, kojim se može ostvariti
slanje žive slike iz prve ruke u komandni centar, gde se onda
mogu doneti brze i precizne odluke.
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