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From Editor’s desk 

 
                             

Srdjan Glisovic, 
Issue Editor 

 
“Optimism is a strategy for making a better future. Because, unless you believe that the future 
can  be  better,  it’s  unlikely  you will  step  up  and  take  responsibility  for making  it  so...  If  you 
assume that there is an instinct for freedom, there are opportunities to change things, there’s a 
chance you may contribute to making a better world...“ 

Noam Chomsky 

 
It would be unusual, although quite original, not to start the editorial of the second issue of our 

journal in 2020 with a reflection on the pandemic which, as a new phenomenon, affects all areas of life 
and work. The fact is that this year we have faced new risks and challenges, both in everyday life and in 
research. Circumstances made conferences move  into cyberspace, and for most of the year, we kept 
contact with our  colleagues and associates mostly  through various  communication platforms. Many 
laboratory studies have been limited in scope and content due to new, health‐related safety measures 
and  limited  mobility.  This  situation,  however,  did  not  prevent  our  authors  from  continuing  to 
investigate  in  the  new  circumstances  and  thus make  the  spirit  of  research  triumph  over  negative 
thoughts. Thanks to such an attitude, another issue of Safety Engineering journal is in front of you now. 
With the hope that, before the next number of our journal appears, the pandemics will be behind us, 
we  invite  new  and  old  authors  to  continue  to  provide  us with  the  results  of  their  interesting  and 
valuable research. 

 
 

  
 
 

 „Optimizam  je strategija stvaranja bolje budućnosti.  Jer, ako ne verujete da budućnost može 
biti bolja, nema  izgleda da ćete se ubrzati  i preuzeti odgovornost da  je takvom  i učinite... Ako 
pretpostavite  da  postoji  instinkt  za  slobodom,  da možda možete  promeniti  stvari,  postoji  i 
šansa da doprinesete stvaranju boljeg sveta…” 

Noam Čomski 

 
Bilo  bi  neobično,  iako  prilično  originalno,  ne  početi  uvodnik  drugog  broja  našeg  časopisa  u 

2020.  godini  refleksijom  na  pandemiju  koja,  kao  novi  fenomen,  utiče  na  sve  oblasti  života  i  rada. 
Činjenica je da smo se ove godine suočili sa novim rizicima  i  izazovima, kako u svakodnevnom životu, 
tako i u istraživanjima. Okolnosti su učinile da se konferencije presele u virtuelni prostor i bezmalo cele 
godine  smo  se  sa  svojim  kolegama  i  saradnicima  uglavnom  družili  posredstvom  komunikacionih 
platformi. Mnoga laboratorijska istraživanja su bila ograničena u obimu i sadržaju zbog primene novih 
bezbednosnih  mera  i  ograničene  mogućnosti  kretanja.  Ova  situacija,  međutim,  nije  sprečila  naše 
autore  da  nastave  sa  radom  u  novim  okolnosima  i  time  učine  da  istraživački  duh  trijumfuje  nad 
negativnim  mislima.  Zahvaljujući  takvom  stavu,  pred  vama  je  još  jedan,  sadržajno  raznolik,  broj 
časopisa Safety Engineering. Sa nadom da će do izlaska sledećeg broja pandemija biti iza nas, pozivamo 
nove i stare autore da nastave da nam dostavljaju rezultate svojih zanimljivih i vrednih istraživanja. 
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NOISE CONTROL SOLUTION FOR DIESEL 
GENERATOR – A CASE STUDY 
 
Abstract: Today’s modern cities represent the complex 
interconnection of many districts. It is not uncommon that some of them 
are both business and residential, which creates positive and negative 
mutual influences. Business operations nearby residential buildings 
can, in many cases, create a noise disturbance that affects the 
acoustical comforts of the residents. Usual types of noise sources in 
these situations are HVAC systems and generators that tend to produce 
an excessive amount of noise. To avoid complaints and lawsuits, 
business owners often seek advice from professionals in noise 
management to solve the problem. This paper addresses a case where 
a backup diesel generator creates noise disturbance affecting the 
business-residential building, and provides a possible solution to the 
problem.    

Keywords: noise engineering, noise simulation, Predictor LimA.
 
INTRODUCTION 
Generators, as a backup system nowadays, are integral 
parts of many businesses. Modern office buildings are 
equipped with computers, informational networks and 
server machines that need to be always operational. 
Companies such as banks rely heavily on these systems, 
and digital information flow interruption, due to the fact 
that power grid failure can result in significant business 
losses and inconvenience to clients. In those cases, diesel 
backup power generators represent a safe choice to 
provide short term power and keep the systems 
operational until the power from the electrical grid is 
restored. 

Diesel generators are essentially internal combustion 
engines that burn fossil fuel, converting chemical 
potential energy via the mechanical system to electric 
energy. A controlled explosion inside the combustion 
chambers, movement of the pistons and exhaust systems 
produce a significant amount of noise in the vicinity of 
the generators.  

In modern cities, within business districts, it is very 
common that office buildings are clustered together. 
Besides office spaces, these buildings can be also 
residential and noise created by the operation of the 
backup systems can significantly affect the resident’s 
quality of living.  

To solve the problem of noise being generated by 
electrical backup systems, noise engineers undertake 
different solutions and methods. In this process, it is very 
important to understand the principles of these systems 
operation, in order to avoid potential damage once a 
noise control solution is applied. In the particular case of 
diesel generators, a potential problem is overheating that 
can occur during hot summer days. In addition, to burn 
fuel, these engines require oxygen and a sufficient 
amount of airflow must be provided to the intake and 
exhaust manifolds [1]. This creates constrictions on the 
noise control design solution as the generator cannot be 

simply enclosed completely inside the noise-insulating 
box. 

This paper is related to the study of the real case 
scenario, where noise gets emitted by a diesel backup 
generator. To assess the problem, noise level 
measurements have been performed and traffic content 
of the nearby street analyzed. Based on the gathered 
data, a simulation of the noise propagation has been done 
using the software package Predictor LimA. Within the 
simulation, two cases of noise control solution have been 
analyzed and the results of the analysis presented.  

PROBLEM ANALYSIS 

Diesel backup generator “Cummins C440 D5” is located 
in the open area, nearby the technical building of an 
international bank that operates in Serbia. Across the 
access street, there are two business-residential 
buildings that are affected by operating diesel generator 
noise. Fig. 1 shows the positions of the generator (noise 
source) as well as the position of the affected buildings 
(noise receivers). Fig. 1. represents the 3D model of the 
buildings superimposed on the Google Earth GIS layer. 

 

Figure 1. Noise source and receiver positions 

A small street near the noise source, that provides access 
to the parking lot, has a low traffic intensity. By a 
method of traffic counting, it has been established that 
around 200 cars pass during the day (08:00 – 18:00), 
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around 60 cars during the evening (18:00 – 22:00), while 
during the night (22:00 – 06:00) around 20 cars pass 
along the street. Observation has been done within one 
whole day in the middle of the week. These data have 
been later used in the simulation.   

For the purpose of noise level measurements, four 
measurement locations have been chosen. A-weighted 
sound pressure level (SPL) and spectrum have been 
measured when the generator was at full load, as well as 
when it was turned off (residual noise). The device that 
has been used is the class 1 sound analyzer Brüel & Kjær 
Type 2250. During residual noise measurements, 
attention has been paid that no other sources are present 
(traffic, communal activities, environmental, etc.). Two 
measurements have been performed near the noise 
source at 1 m distance and 1.5 m height, the third 
measurement at 10 m distance from the source, while the 
fourth has been taken near the noise receiver at around 
18 m from the noise source (see Fig. 2.). The duration of 
each measurement taken was 3 min. 

 
Figure 2. Measurement location at the site 

Reduction of the noise can be typically solved by 
insulation at the noise source, placement of a barrier in 
the noise pathway, or by increasing insulation at the 
receiver position partitions (façade and windows). In 
most cases, where it is possible, the first option is the 
most effective as it requires the least amount of material 
and investment, providing the highest noise reduction. 
In this paper, noise reduction by enclosing the generator 
has been considered.  

For the purpose of reducing the graphical data, only one 
measurement of the third-octave band spectrum has been 
shown, at the measurement position M1, in the case 
when the generator is operational (Fig. 3. - top) as well 
as when it was turned off (residual noise, Fig. 3. - 
bottom). By observing the broad spectrum A-weighted 
SPL, it can be seen that generator at 1 m increases noise 
from 55.9 dB to 78.3 dB. The reduction of 22.4 dB 
difference without completely enclosing the generator 
could be very difficult to reach. However, it may not be 
necessary to have such high noise reduction, given the 
fact that the noise exposure is not constant during the 
entire day and the generator is operational only when the 
electrical power grid fails to deliver electricity.  

The most problematic positions, where noise 
disturbance is present, are the first several floors of the 
noise receiver building. At the time of measurement, it 
was not possible to measure the noise levels at the façade 

of those floors, so data had to be extrapolated from a 
limited number of measurements. Without an extensive 
amount of gathered data, the best solution to the problem 
can be achieved by simulation of the noise propagation. 
According to the latest EU directives and CNOSSOS 
methodology [2][3], noise in urban areas should be 
measured at a height of 4 m. For this reason, simulation 
has been performed at the height of 4 m (first floor), as 
well as 12 m (4-5 floor). 

 

 

Figure 3. The third-octave spectrum of the A-weighted 
SPL when a generator is active (top) and turned off 

(bottom) 

SIMULATION METHOD 
Analysis of the noise propagation, generated by a 
backup diesel generator, has been done using the 
software package Predictor LimA. This package 
contains different methodologies for noise propagation 
assessment. Even though the latest CNOSSOS 
methodology is the most comprehensive, it also requires 
the most amount of input data. Due to its complexity, it 
may not be the best suited for noise assessment in 
smaller environments [3]. For this reason, ISO 9613. 1/2 
(1/3 Octave) calculation model has been used [4].  

Once the model is chosen, the Geographic Information 
System (GIS) layer of the simulation area has been 
chosen. The software supports the integration with 
Google Earth that must be also installed on a PC. By 
typing a search parameter for the area of interest 
(address, name of business building, etc.) an image with 
GPS coordinates can be loaded into Predictor LimA. 
Drawing of the object is then performed in the top-view 
perspective, and for each object, its height can be 
specified. In the drawing stage, noise sources are also 
specified. For this simulation, a diesel generator has 
been modelled as a point source. The acoustical power 
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of the generator, in third-octave band resolution, is 
calculated based on the measurement performed at 1 m 
distance from the sound source [5]. To account for the 
worst-case scenario, the noise source is set to be active 
10 hrs during the day, 4 hrs during the evening, and 8 hrs 
during the night. In addition, traffic noise from the small 
street has been denoted as a secondary noise source with 
200 cars during the day, 60 cars during the evening and 
20 cars during night, all with an average speed of 20 
km/h. The last stage of preparation is setting up the 
calculation grid. For the purpose of this simulation, both 
horizontal ground grid (following terrain) and vertical 
grid (modelled buildings) have been defined. After 
simulating 4 m and 12 m height, the software computes 
the contours representing the distribution of the noise 
level in the area. The results are presented in Fig. 4. 
Circles that appear along the dashed line represent the 
noise sources generated by traffic. 

Simulation of the two different acoustic 
enclosure solutions 
After simulating the noise propagation of the diesel 
generator, a simulation of two noise control solutions 
has been added to the simulation. The first solution is 
denoted as “partial enclosure” and considers the 
placement of barriers at two sides of the noise source. 
The idea is that the direct noise pathway, as well as the 
back reflection from the building closest to the source, 
should be blocked by highly absorptive barriers 
composed of acoustic perforated panels. The height of 
the barrier is set to be 3 m while the acoustical properties 

(transmission loss) have been calculated based on the 
absorption coefficient of the perforated panels [5]. 
Characteristics of the perforated panels will be discussed 
in the next section. In essence, this solution represents a 
trade-off in noise reduction efficiency and the size of the 
potential investment. The top of the enclosure for an 
intended practical solution is composed of acoustic 
louvers which cannot be simulated by the used software. 
Thus, simulation has been performed without this 
section by using vertical segments of the barrier only. 
Simulation results are presented in Fig. 5. 

The final step of the simulation is the solution denoted 
as “total enclosure”. Even though it is not a simple box 
around the generator, as previously stated that the device 
needed cooling and airflow, the term “total” means that 
all four vertical sides of the generator are enclosed by 
barriers. On the top, vertical angled acoustical louvers 
are considered, but it was not possible to simulate this 
segment. This solution requires more acoustic material, 
but it will also reduce more noise than the partial 
enclosure. Results of the simulation can be seen in      
Fig. 6. 

By observing Fig. 4-6, it can be seen that placing 
enclosures reduces the noise levels around the generator, 
especially near the façade of the building denoted as 
noise receiver. The effect is most prominent in the case 
of the total enclosure, where noise is contained around 
the generator (Fig. 6.). Presented results are related to 
the simulation at 4 m height.  For 12 m height, the 
situation is even more visible, but results are not 
presented due to the limitation in paper length.

 

Figure 4. Simulated noise contours of a diesel generator, in the case where there is no enclosure 

 

Figure 5. Simulated noise contours of a diesel generator, in the case where the partial enclosure is applied 
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Figure 6. Simulated noise contours of a diesel generator, in the case where the total enclosure is applied

Perforated acoustic panel 
Simulation of the absorption coefficient is based on the 
measured data gathered at the measurement position M1. 
Using a methodology available in acoustic engineering 
literature [6] [7], by changing the parameters of the 
perforated acoustic panel, the absorption curve can be 
fitted to match measured noise spectra as close as 
possible (Fig.7.). By applying noise reduction through 
absorption in the panel, it can be seen that the perforated 
panel is the most effective in between 250 Hz and 6.3 
kHz (Fig. 8.). This is very close to the measured data at 
position M1 when the generator is operational. Spectrum 
components up to the 160 Hz in measured data will be 
reduced much less, as barrier losses efficiency towards 
the lower frequencies. 

 

Figure 7. The simulated absorption coefficient of the 
perforated panel 

 

Figure 8. Noise reduction through absorption in panel 

The simulated absorption coefficient in Fig. 7 is true 
only for the sound that reaches the barrier at the normal 
incidence angle. It is expected that the curve will 
somewhat deviate with different angles of sound impact. 
This is far less important in the case of the total enclosure 
since it is expected that sound shall perform multiple 
reflections inside the enclosure, whereas the chance of 
normal incidence shall increase.  

DESIGN OF THE NOISE CONTROL 
SYSTEM 
The results obtained using simulation provide valuable 
inputs for noise engineering to devise an applicable 
solution. In reality, many challenges cannot be simulated 
and require some knowledge about machinery operation 
that is being acoustically treated, field observation as 
well as consults with engineers in different areas. Some 
of the problems that occur are simply a matter of 
constricted space around the observed noise source. This 
particular case has the following challenges:  

 Perforated panels must be structurally strong and 
resistant to weather conditions. 

 The entire enclosure, composed of barriers must be 
supported by a frame that can withstand the static 
load. 

 Around the generator, there is soft ground. 
 Some trees constrict the placement of the barrier. 
 Service doors on the generator are 1m wide and it is 

a requirement that they can be fully opened. 
 A generator requires sufficient airflow for cooling. 
 Intake and exhaust manifold require airflow to 

operate. 

The solution for the perforated panels is to use a 
composite structure. To avoid corrosion, the steel frame 
must be coated with a PVC layer. The front perforated 
plate should be coated with anticorrosive paint and lined 
with fiberglass material inside. This will prevent the 
accumulation of moisture inside the panel. Mineral wool 
as a base absorber inside the perforated panel should be 
of a defined density. The density of the mineral wool that 
corresponds to the simulated absorption coefficient (see 
Fig. 7.) is 30 kg/m2. A cross-section of the considered 
metal perforated panels is given in Fig. 9. 
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Figure 9. Cross-section of the metal perforated panel  

In order to support the enclosure structure, a metal frame 
has to be built on top of a concrete foundation. Both 
frame and concrete need to be structurally strong to 
support the static load of the panels, having in mind that 
the weight of the 1 m2 of the commercially available 
panel is approximately 10-15 kg. 

In the vicinity of the generator, five decorative trees 
influence the shape of acoustic enclosures. As 
mentioned previously, two solutions have been 
considered. Partial enclosure assumes that only two 
sides are surrounded by barriers. For the installation at 
the site, this solution would be easier, as trees around the 
generator do not have to be trimmed. Besides, service 
doors are available for maintenance and easy access to 
the technician. Acoustic louvers have been placed on top 
and angled in a way that reduces the noise being 
generated towards the upper floors of the receiver 
building. This is particularly important since the exhaust 
manifold is placed on the top of the generator, emitting 
noise upward.  By having the two sides without barriers, 
a partial enclosure solution enables sufficient airflow to 
the machine. Details are given in Figure 10. The 
graphical representation is based on realistically 
available physical space around the diesel generator. 

 
Figure 10. Partial enclosure solution 3D view 

Total enclosure solution is more challenging in the terms 
of practical realization. Metal supporting frame and 
concrete foundation needs to be structurally stronger, 
with a greater static load capacity. Some of the trees 
would also need to be trimmed, to enable fitting of the 
enclosure. Physical space in between the generator and 
the side barrier should be larger than 1 m, so 
maintenance technician can have an access to the service 
doors. Additionally, a metal perforated panel door must 
be placed at one side to allow entrance into space in 
between the generator and enclosure. The larger roof of 
the enclosure means that roof itself will provide enough 
airflow for the machine to operate properly. A higher 
number of acoustic louvers at the top will reduce the 
noise generated towards the upper floors of the noise 

receiver building even more than in the case of the 
partial enclosure. A graphical representation of the 
solution is given in Fig. 11. 

 
Figure 11. Total enclosure solution 3D view 

RESULTS 
Based on the simulation explained in the previous 
section, at 4 m height on the façade of the receiver 
building, partial enclosure solution (Fig. 12. orange) 
would bring significant noise reduction of almost 10 dB 
per third-octave band, then in the case when no solution 
is applied (Fig. 12. blue). When comparing total 
enclosure to the partial enclosure solution, above 400 
Hz, noise is reduced, even more, by on average 6 dB 
(Fig. 12. green). 

 
Figure 12. Noise reduction of proposed solutions 

If the traffic intensity is higher than in simulation, the 
noise level emitted by traffic will mask the noise from 
the generator. In this case, the partial enclosure could be 
a good trade-off solution. If the opposite situation is 
present, a total enclosure solution would be preferred.  

Using Predictor LimA integration with Google Earth, 
simulation results can be applied to 3D visualization of 
noise distribution in the area. This is shown for all of the 
previously discussed scenarios in Fig. 13. (top – without 
enclosure, middle – partial enclosure and bottom – total 
enclosure). 
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Figure 13. Visualization of the Predictor LimA 
simulation in Google Earth. 

CONCLUSION 
The process of designing the applicable noise control 
solution, from the perspective of noise engineer includes 
the assessment of the problem through measurement and 
observation, simulation of the sound behaviour based on 
the input data, testing, calculation and simulation of a 
different possible solution, assessment of the 
applicability of the proposed solution through materials, 
methods, and consultation with experts in other 
engineering fields. 

This paper discusses a study case of a diesel generator 
that transmits the noise and disturbs residence in a 
nearby building. To solve the problem, the 
measurements have been taken, which served as an input 
for the simulation of the noise propagation. Two 
different acoustic enclosure solutions have been 
analyzed - partial and total enclosures. In addition, the 
results have been analyzed and the arguments for both 
solutions presented. 

To sum up, it has been shown that a partial solution is 
easier to implement and requires less investment, while 
a total enclosure solution is an acoustically better choice 
in terms of noise reduction.  
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REŠENJE KONTROLE BUKE DIZEL GENERATORA -  

STUDIJA SLUČAJA 
 

Marko Ličanin, Momir Praščević, Darko Mihajlov  
 
Rezime: Današnji moderni gradovi predstavljaju složenu strukturu različitih tipova naselja i gradskih zajednica. 
Često su neki delovi naselja stambeno-poslovne strukture, što stvara pozitivne i negativne međusobne uticaje. Radne 
aktivnosti koje se odvijaju u poslovnim objektima, a nalaze se u blizini stambene zgrade, u mnogim slučajevima 
mogu stvoriti buku koja utiče na akustički komfor stanovnika. Uobičajene vrste izvora buke u ovim situacijama su 
HVAC sistemi i generatori koji u svojoj okolini stvaraju visoke nivoe buke. Da bi izbegli pritužbe i rešili problem, 
vlasnici preduzeća često traže pomoć stručnjaka koji se bave kontrolom buke. Ovaj rad predstavlja studiju slučaja, 
gde pomoćni dizel generator stvara buku koja utiče na poslovno-stambene objekte i predlaže rešenje problema. 

Ključne reči: Kontrola buke, simulacija zvuka, Predictor LimA. 
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OPTIMIZATION OF GROUNDING SYSTEM 
USING EVOLUTIONARY ALGORITHM 
 
Abstract: The electrical resistance of the grounding system has a 
highly nonlinear character concerning the geometrical parameters, 
especially in the case of nonhomogeneous soil. Hence, the optimization 
procedures for such grounding systems are very complex. In this 
paper, a co-simulation frame is used for the realization of the 
mentioned optimization. The frame includes two available computer 
simulation tools, one designed for numerical simulation of the 
electromagnetic field and the other one specialized for evolutionary 
optimization. It is applied on the vertical ground rod electrode and the 
grounding system consisted of two ring electrodes. 

Keywords: conductivity profile, evolutionary computation, grounding, 
non–homogeneous media, optimization, soil properties. 

 
INTRODUCTION 
Generally, the purpose of all grounding systems, 
regardless of their shape and design, is to conduct fault 
current into the surrounding soil safely and without 
consequences for the working environment. In order to 
provide this feature, a requirement is that the grounding 
system resistance value is as low as possible. 
Improperly installed grounding system must lead the 
fault current and lightning-induced currents into the 
surrounding soil, ensuring maximum safety and 
without consequences for the working environment and 
electrical equipment. Very often, the grounding system 
is designed with a grid electrode as the main ground 
electrode [1-13]. It contains several rod electrodes 
connected to each other, usually in a square or 
rectangular shape. The number of rod electrodes in the 
grid depends on the required value of the grid electrode 
resistance. Because of that, internal meshes are 
performed in order to reduce grounding resistance. The 
procedures for calculation of grounding system 
characteristics placed in the nonhomogeneous ground, 
such as grounding resistance or surface potential 
distribution, are usually very complex, even in the case 
of the simple grounding systems. Therefore, the 
nonhomogeneous soil is usually modelled as a two or 
three-layered model. There are variously proposed and 
published optimization approaches used for grounding 
systems optimization. Some of them use different 
mathematical programming techniques, while others 
are based on heuristic methods. Research results 
published in the existing literature usually deal with the 
optimization of the grounding mesh for different 
objects in the power network. In [1], different 
population-based and near to global optimization 
methods are applied for optimization of the grounding 
grid of the planned power plant. The objective function 
is calculated using the analytical expression and 
Particle Swarm Optimization (PSO). Genetic 
Algorithm (GA) and its hybrids are used for achieving 
the optimal design of the grounding system. The GA as 
an optimization method is used in [2] while 

Evolutionary Strategy (ES) is used in [3] to optimize 
ground grid design. The authors have used dynamic 
programming as an optimization technique in [4] to 
find the optimal design of the ground mesh. In [5], the 
authors have applied linear programming to optimize 
the grounding system. Optimization software tools 
including linear programming are used in [6] to find the 
optimal configuration of the grounding grid. In [7], the 
proposed optimization process includes a variety of 
values, driven by the user instead of using an 
optimization technique for grounding mesh 
optimization. A similar approach is also presented in 
[8], where the user changes a grounding system design 
based on the fulfillment of conditions in the proposed 
optimization process. A closed-form analytical 
expression or a solution to systems of equations is 
usually used to obtain objective function value in 
grounding system optimization as in [1–3, 5-6, 8]. 
Thanks to the development of different numerical 
methods and computer techniques, the simulation tools 
for the calculation of grounding system characteristics 
have been widely used in recent times. Such simulation 
tools based on the numerical method are used in [4, 7]. 
In [4], the authors have implemented the Finite 
Element Method (FEM) into the MATLAB 
environment and used dynamic programming for 
optimization. In [7], ETAP and FEMM software (both 
based on FEM) have been used to calculate the 
objective function but, as emphasized earlier, any 
specific optimization algorithm has not been used. In 
[9], the procedures based on Green’s functions and the 
Method of Moments (MoM) [10] are used for 
grounding system calculation. 

Unlike methods presented in the existing literature, the 
co-simulation approach for finding the optimal design 
of the grounding system has been proposed in this 
paper. There are software tools specialized for 
electromagnetic field simulation based on numerical 
methods, such as the FEM method. In addition, 
software tools specialized for optimization are also 
available. There are several reasons why the co-
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simulation approach has been proposed. In the case of 
nonhomogeneous soil, in the literature presented above, 
two-layered and in some cases three-layered ground 
models have been usually used. However, some 
researches indicate that the real soil can have more than 
2 or 3 layers [11–12]. Besides, in [13] the 3–D layered 
ground model of non-straight layer boundaries is 
presented. In these cases, the characterization of the 
grounding system based on analytical methods can be 
very complex. On the other hand, software tools based 
on numerical mathematical methods can handle such a 
complex problem. The procedure based on the idea of 
co-simulation which includes using these tools and 
tools specialized for evolutionary optimization for 
solving the complex problem of grounding system 
optimization in multi-layered soil is presented in this 
paper. This is different from the approaches used in the 
above-mentioned literature that use analytical 
calculation and optimization algorithms within some 
programming environment. The approach proposed 
here differs from those in [7] because they used FEM 
software for grounding calculations, but without an 
optimization method. Also, the proposed approach 
differs from the procedure presented in [4] because it 
used the FEM method and optimization algorithm 
implemented inside the same programming 
environment. 

The details of the proposed co-simulation procedure are 
described in the paper. The procedure is applied to 
several examples. 

CO-SIMULATION FRAMEWORK 
The proposed co-simulation framework for the optimal 
design of the grounding system is based on the existing 
and available numerical simulation, as well as on the 
evolutionary optimization tools. The main idea is 
illustrated in Figure 1. The software for simulation of 
electromagnetic field based on numerical methods 
gives only the numerical value as the output for given 
input data. There is no information about the objective 
function, only its numerical value. For this reason, 
using such tools in the optimization problem requires 
the black-box optimization approach. That approach 
includes using heuristic global optimization techniques 
which can deal with this type of objective function. 
Because of this, the Evolutionary Algorithm (EA) is 
used in the proposed procedure. The EAs belong to the 
class of the global optimizers, population-based and 
near to global optimum methods. The main feature of 
the EAs is the search of the solution space in a parallel 
process, by which it is possible to avoid getting stuck 
on the local optimum. There are a lot of different EAs 
methods, very well covered in the literature, dealing 
with soft computing techniques. Among different 
evolutionary optimization tools, the MIDACO (Mixed 
Integer Distributed Ant Colony Optimization) solver 
[14] is chosen to be used here. It is based on the ACO 
technique and can be applied for solving general 
single/multi-objective optimization problems [15]. It is 
a powerful and easy EA optimization tool, very suitable 

for co-simulation since it is available for different 
programming languages. For electromagnetic field 
simulation FEM based FEMM [16] software tool is 
used in the paper because it can communicate through 
its COM/ActiveX interface. FEMM can be easily 
driven from MATLAB/Octave, Scilab and 
Mathematica software because it has built-in functions 
for it. Also, thanks to the FEMM COM interface, it can 
be driven from any programming language. The Python 
programming environment is used as a co-simulation 
platform for simultaneously using MIDACO and 
FEMM tools, as is shown in Figure 1. The 
communication with FEMM is performed using the 
FEMM call2femm function. MIDACO distribution 
intended for Python programming language is 
implemented in the co-simulation. Its use is realized 
through the standard Python command (function 
definition) and built-in interface for the MIDACO dll 
library. In the proposed framework, the FEMM tool is 
used to calculate required data for determining the 
objective function value, which can be obtained from 
FEMM directly or calculated in a co-simulation 
platform (Python in this case) using results ensured by 
FEMM. Afterwards, the MIDACO solver realizes the 
optimization process performing evolutionary operators 
(generating new solutions, selecting the next 
population, evaluate solution goodness), giving the 
solution at the end of the process. FEMM solver 
calculates objective functions and sends their values to 
MIDACO. Then, the MIDACO solver generates 
improved solutions and sends them back to FEMM in 
the closed-loop. 

 
Figure 1. The proposed co-simulation framework for 

electromagnetic numerical simulation and evolutionary 
optimization tools 

The general form of the single and multi-objective 
optimization problems are defined as in (1) and (2) 
respectively, 

  
( ) min, ( ) 0, ( ) 0,

, 1,2,...,
SO e in

l i u

f dv g dv g dv

dv dv dv i n

  

      (1)
 

and 

 

 
 

1 2( ) , ,..., min, ( ) 0,

( ) 0, , 1,2,..., .

MO m e

in l i u

f dv f f f g dv

g dv dv dv dv i n

  

     (2)
 

where fi is the i-th objective function, ge is a set of 
equality constraints, gin is set of inequality constraints, 
dvi is i–th problem decision variable and dvl and dvu are 
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lower and upper limits of the decision variable values, 
respectively. 

In the case of the multi-objective optimization (2), the 
Pareto definition of the non-dominated solution is used 
in order to obtain the Pareto front approximation. 

The different preparation level of the geometry 
parameters and material properties in the FEMM file 
used in the co-simulation can be applied. The FEMM 
file can be generated inside the co-simulation 
environment i.e. no FEMM file is needed to be 
predefined. Another possibility is to make the FEMM 
file, consisting of the defined problem type and 
geometry and material parameters, which do not 
change during the optimization process. Then, in such a 
predefined file, the changeable entries of the grounding 
system are added during the optimization. This 
approach is used here in the paper. 

The next section describes the application of the 
proposed co-simulation framework on several 
examples applying single and multi-objective 
optimization procedures. 

SIMULATION RESULTS 

The simulations presented in this section are realized 
under the assumption that a multi-layered soil profile is 
given since this is not the subject of the research. They 
are done for two artificially generated examples of the 
soil profiles (named as A and B) having parameters 
given in Table 1. Profile A corresponds to the ground 
vertical rod, Figure 2, while the grounding system 
formed from two rings placed in the same plane 
corresponds to profile B, Figure 2. In both cases, single 
and multi-objective simulations are performed. 

  

Profile A 

 
Profile B 

Figure 2. Profiles A and B and geometry of the 
simulated grounding systems 

 

Table 1. Examples of multi-layered soil profiles used in simulations  

Layer number i 
Profile A Profile B 

Layer conductivity 
i [S/m]

Layer thickness 
di [m] 

Layer conductivity 
i [S/m]

Layer thickness 
di [m] 

1 0.020 0.3 0.0017 0.5 
2 0.150 0.3 0.0025 2.0 
3 0.400 0.4 0.0500 2.0 
4 0.006 1.0 0.0025 1.5 
5 0.100 1.5 0.0020 1.0 
6 0.005 1.5 0.0015 1.0 
7 0.001 ∞ 0.00125 2.5 
8 – – 0.0010 ∞ 

 

Decision variables in the case of optimization of the 
vertical rod are buried depth (h) (depth of the upper end 
of the rod) and the rod length (L). The single objective 
optimizations for grounding vertical rod are performed 
for two cases: the first one, when the objective function 
consists of the grounding resistance (Rg), and the 
second one when the objective function is aggregated 
from the grounding resistance and length of the rod. 
This function has a weighting coefficient w that has a 
role to bring numerical values of two parts of the 

objective function to a similar level. Besides this, the 
weighting coefficient equalizes measurement units of 
two function parts (w is in [Ω/m]). The inequality 
constraint defining the maximal step voltage is used in 
this case. The multi-objective optimization for the rod 
is performed for the following cases: the first one is 
two objectives (grounding resistance and length of the 
rod) optimization and the second one is three objectives 
(the resistance, the rod length and the step voltage (Us) 
placed above the rod) optimization. 
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The multi-objective optimization has inequality 
constraints that refer to the maximal step voltage. 
Decision variables in the case of optimization of the 
grounding rings are depths (h1, h2) and radii (r1, r2) of 
each ring. The objective function in the case of the 
single-objective optimization is aggregated from touch 
(Ut) and step (Us) voltages considering the maximum of 
these voltages as inequality constraints. In the case of 
multi-objective optimization, grounding touch and step 
voltage are the objective functions. Constraints in this 

case are the maximum step and touch voltages. The 
described simulation overview is given in Table 2. It is 
important to emphasize that in the following tables, 
prefix SO labels single-objective optimization, while 
MO corresponds to the multi-objective optimization. 
Simultaneously, added numbers correspond to the 
number of objective functions. 

In simulations of the grounding rod, the radius of the 
rod is set to 0.035 m. The decision variable ranges are 
for h, 0–5 m, and L, 0.1–10 m. 

 

Table 2: Properties of the performed simulations 
Simulation 

notation 
Optimization type Objective function Constraints Decision variables 

SO1–rod single Rg Us≤Usmax h, L 
SO2–rod single Rg+wL Us≤Usmax h, L 
MO2–rod multi [Rg, L] Us≤Usmax h, L 
MO3–rod multi [Rg, L, Us] Us≤Usmax h, L 

SO–ring single Ut+Us 
Us≤Usmax 

Ut≤Utmax
h1, h2, r1, r2 

MO2–ring multi [Ut, Us] 
Us≤Usmax 

Ut≤Utmax
h1, h2, r1, r2 

Table 3: Optimal results for SO1–rod and SO2–rod problems 

Problem 
Objective 

function value 
Rg [Ohm] h [m] L [m] Us [V] 

SO1–rod 4.372 4.372 0.9787 10.00 48.65 
SO2–rod 4.879 4.598 0.9820 2.811 49.70 

Table 4: The Pareto front edges for MO2–rod and MO3–rod problems 

Problem 
Objective function 1 

Rg [Ohm] 
Objective function 2 

L [m]
Objective function 3 

Us [V]
h [m] 

MO2–rod 4.37100 10.000 – 0.9787 
MO2–rod 8.3010 0.1000 – 0.4996 
MO3–rod 4.3140 9.8967 49.269 0.9767 
MO3–rod 199.59 0.1000 1.4955 4.4202 
MO3–rod 51.402 9.6138 0.4374 5.0000 

 

 
Figure 3. Pareto front for MO2–rod optimization 

problem 

Weighting coefficient w in SO2-rod objective function 
is set to 0.1. It is the experimentally determined value 
based on numerous problem-solving. In the case of 
grounding rings, it is assumed that the iron strip with a 
cross-section 25×4 mm is used for their realization. The 

decision variable ranges in this case are given as: for h1 
0.5–2.5, for h2 0.5–2.5, for r1 0.5–5, and for r2 0.5–5. 
The touch and step voltage constraints are set at 50 V. 

In Table 3 the simulation results for optimal grounding 
system designs considering single objective 
optimizations (with objective function given in Table 
2) are shown. 
The simulation results for multi-objective optimizations 
in the case of vertical grounding rod are given in Table 
4. Figures 3 and 4 show the Pareto fronts as the 
optimization results in these cases. 

Simulation results for the grounding rings are presented 
in Tables 5 and 6. In Figure 5, an estimation of the 
Pareto front for the MO3–ring problem is given. In 
Figure 6 the ground potential distribution is given for 
this optimal solution. 
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Figure 4. Pareto front for MO3–rod optimization 

problem 

 
Figure 5. Estimation of the Pareto front for MO2–ring 

optimization problem 
 

 

Table 5. Optimal results for SO–ring problem 

Objective function value Rg [Ohm] r1 [m] h1 [m] r2 [m] h2 [m] Ut [V] Us [V]
43.26 3.352 2.434 0.7191 5.00 2.50 15.50 27.76

Table 6. Pareto front edges for MO2–ring problem 

Objective function 
value 1 Ut [V] 

Objective function 
value 2 Us [V]

Rg [Ohm] r1 [m] h1 [m] r2 [m] h2 [m] 

10.95 28.19 3.360 2.124 0.5236 5.00 2.50
20.57 26.34 3.357 1.381 0.7466 5.00 2.50
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Figure 6 Ground voltage distribution for the solution 
with minimum touch voltage for MO2–ring problem 

The discussion about simulation results is given below. 
In cases of single objective optimizations, it is 
interesting to notice that there is a big difference in 
vertical rod length. In case when grounding resistance 
is the only objective, the optimization algorithm sets 
the rod length to the upper bound. This is reasonable 
and expected since the grounding resistance decreases 
with the increase of the rod length. If the rod length is 
added together with the resistance in the aggregated 
objective function, the result of the optimization is the 
design that gives the resistance close to the one 
obtained for the SO1-rod problem but with rod length 
cca 3.5 times shorter (Table 3). The multi-objective 
optimizations give more choices of the grounding rod 
design because the result is not a single solution but the 
solution set in form of the Pareto fronts (Figure 2 and 
3). In this case, the decision-maker can choose the best 
solution. The Pareto fronts give an overview of the 
sensitivity of the grounding resistance on the rod length 
change. Based on such an overview, one can estimate 

which increasing limit value of the rod length is useful 
and after which value the increase of the length has a 
low impact on the resistance decrease. In the case of 
the grounding rings system optimization, one can 
conclude that there are solutions with a large difference 
in the touch voltage, but a very small difference 
between step voltage values (Table 6). Also, it can be 
noticed that the optimization algorithm tries to move 
the position of the outer ring to the upper values for a 
given multilayered soil profile. 

Figure contents and figure caption should be in one 
column, put in a two-row table without exterior border. 
The equations should be centered and numbered flush 
right, as in Eqn. (1), 

CONCLUSION 
The proposed approach decreases programming effort 
for solving the grounding optimization problem in the 
engineering practice in case of the complex multi-
layered ground model. It provides a simple way to 
optimize some grounding systems in the case of the 
multi-layered soil. Simulation results indicate that the 
proposed approach has the capability of solving such a 
demanding optimization. Further research will be 
focused on applying the proposed method for practical 
problems which include more different non-
homogeneous soil examples, to confirm the possibility 
of using the proposed procedure in general, 
independently on the type of soil non-homogeneities. 
There are no limits on the complexity of the soil 
conductance depth profile, and that is the main 
advantage of the proposed framework. The main 
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drawback of the proposed method can be 
computational time because many simulations are 
required by the EA, and in this case, simulations are 
performed by using the FEM software. On the contrary, 
such optimization is not required to be solved in real-
time. Using the computer with better performance and 
parallelization of the EA process the problem can be 
solved within an acceptable time. 
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OPTIMIZACIJA UZEMLJIVAČKOG SISTEMA PRIMENOM 
EVOLUCIONARNOG ALGORITMA 
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Rezime: Zavisnost otpornosti uzemljivačkog sistema od geometrijskih parametara ima nelinearni karakter, 
naročito izražen u slučaju nehomogenog tla, što usložnjava proces optimizacije uzemljenja. U radu je za ovu svrhu 
predložena jedna kosimulaciona procedura koja ekvivalentira nehomogenu zemlju domenom jednostavnije 
strukture. Procedura uključuje dva programska alata, jedan za proračun elektromagnetnog polja i drugi za 
evolucionarnu optimizaciju. Njena primena ilustrovana je na primeru vertikalne štapne uzemljivačke elektrode i 
uzemljivačkog sistema formiranog od dve prstenaste elektrode. 

Ključne reči: raspodela provodnosti, evolucionarni proračun, uzemljenje, nehomogena sredina, karakteristike tla. 
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OPTIMIZATION OF DAILY SCHEDULE 
FOR ELECTRIC VEHICLES CHARGING  
TO MINIMIZE THE ENERGY COSTS 
 
Abstract: In this paper, an optimization problem of the daily schedule 
for charging/discharging of electric vehicles (EVs) is solved in order 
to minimize the energy costs. Results are obtained for the microgrid 
with renewable energy sources and the savings are calculated based 
on daily curves of non-deferrable load demand, photovoltaic and wind 
energy production and variable buying/selling energy prices from the 
energy market. The optimization results are given for different battery 
capacities of EVs fleet, charger power and types of renewable energy 
sources. Lingo program is used to solve this optimization problem. 

Keywords: optimization, electric vehicle charging, energy costs, 
renewable energy sources.

 
INTRODUCTION 
Renewable energy sources, new transportation systems 
and other clean technologies together with energy 
management and innovations in existing infrastructure 
present efficient tools to mitigate global warming, 
environmental pollution and emission of green-house 
gasses, with the aim to achieve sustainable 
development.   

Smart grids combine traditional electricity grids and 
microgrids with contemporary communication and 
information technologies. Deferrable loads such as 
heating/cooling devices and charging/discharging of 
electric vehicles are good opportunities at demand-side 
management using innovative energy storage devices, 
photovoltaic and wind energy production. Vehicle-to-
grid (V2G) technology enables an important advantage 
of electric vehicles in smart grids to be used both as 
flexible demand sources and storage units [1-6].  

PROBLEM FORMULATION 
Microgrid structure   
The main components of the microgrid analysed in this 
paper are non-deferrable loads, wind turbines, PV 
panels, storage devices and charging stations for 
electric vehicles with the available V2G technology. 
These components are connected to the main grid and 
controlled by the energy management system (Fig.1). 

Optimization problem 
The intermittency of renewable energy sources and 
day-ahead energy prices available at the energy market 
provide an interesting possibility to reduce energy costs 
and investments in improvements and maintenance of 
power systems. Optimization and scheduling in using 
the V2G option may be done on a daily basis, using 
prices for a 24-hour period and daily curves of estimated 
energy production by PV and wind generators at a 
certain location. The characteristics of storage devices 
constantly improve as well as energy management 
systems based on new communication and information 

technologies. Bidirectional power flow inside 
microgrid is available for storage devices and batteries 
of electric vehicles. 

 
Figure 1. Microgrid structure 

 

Parameters in using V2G technology which should be 
taken into account are: defined time intervals for driving 
the vehicles, number of chargers at the charging station, 
chargers power capacities, maximum driving ranges of 
the vehicles, battery capacities, state-of-charge (SoC), 
battery lifetime and degradation based on the maximum 
depth-of-discharge (DoD), number of charging cycles, 
operation temperature, total energy withdrawn, etc. 

The mathematical model of this problem results in the 
goal function which should be minimized with the 
given constraints. Optimization is done by using Lingo 
[7] in this paper; however, other programs may be also 
used, such as MATLAB (e.g. in [8]), Yalmip, Excel 
Solver, etc.  

One microgrid structure with renewable energy sources 
is presented in Fig.1. Storage devices, except batteries 
of electric vehicles, are not considered in this paper. 
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Figure 2. The daily curve of PV energy production 

 

Figure 3. The daily curve of wind energy production 

 

Figure 4. The daily curve of non-deferrable load 

 
Figure 5. The daily curve of buying prices at SEEPEX 

electricity market [15] for Monday, July 6th, 2020 
 

The list of variables used in this paper is as follows: 

PPV(i) – power produced by photovoltaic (PV) panels in 
the i-th hour, for i=1,...,24; 

PW(i) – power produced by wind turbines in the i-th 
hour, for i=1,...,24; 

PL(i) – power of non-deferrable loads in the i-th hour, 
for i=1,...,24; 

PEV(i) – total charging demand power of all electric 
vehicles (EVs) in the i-th hour, for i=1,...,24; 

PG(i) – total power demand from the main grid in the i-
th hour, for i=1,...,24; 

Ptot(i) – optimized total power demand from the main 
grid in the i-th hour, for i=1,...,24; 

SOC(i) – state of charge at the beginning of the i-th 
hour interval, for i=1,...,24; 

BP(i) – buying price in the i-th hour, for i=1,...,24; 

SP(i) – selling price in the i-th hour, for i=1,...,24; 

xB (i) – the discrete variable equal to 1 if the energy is 
bought from the main grid in the i-th hour, 0 if not, in 
the i-th hour, for i=1,...,24; 

xS (i) – the discrete variable equal to 1 if the energy is 
sold from the main grid in the i-th hour, 0 if not, in the 
i-th hour, for i=1,...,24; 

x(i) – the discrete variable equal to 1 if the energy is 
bought from the main grid, -1 if the energy is sold from 
the main grid, 0 if the vehicle is either driving or 
staying at the station, neither charging nor discharging 
in the i-th hour, for i=1,...,24. 
 

For the chosen scenarios, the PV panels have a peak 
power of 33kW. The daily curve of energy production 
is estimated based on solar irradiation in Bavanište, 
South Banat, Serbia [9] for the average day of the year 
2009. PPV(i), for each hour i=1,...,24, is given in Fig. 2.  

Wind turbines also have a peak power of 33kW. The 
daily curve of energy production is obtained by WAsP 
software (Wind energy industry-standard software) 
[10] for parameters in [11], for the year 2011, in Banat, 
Serbia. PW(i), for i=1,...,24, is given in Fig. 3. The peak 
power is chosen the same as for PV panels in order to 
estimate which type of renewable energy source is 
more suitable for minimizing the energy costs in this 
microgrid. 

The daily curve of non-deferrable loads for one 
company [12-14] is given in Fig. 4 as PL(i) in each hour 
i=1,...,24. 

In [13] and [14], EVs are treated as a fleet, whereas in 
this paper for some vehicles different battery capacities 
are chosen in order to consider which achieves greater 
savings. Besides, the costs are optimized for various 
charger power. There is the charging station in this 
microgrid with n=5 chargers of power Pch=3.3kW or 
Pch’=9.9kW, available for V2G service. PEV(i), for 
i=1,...,24, has to be optimized in order to minimize the 
costs. 

Total power demanded from the main grid is   

( ) ( ) ( ) ( ) ( )G L PV W EVP i P i P i P i P i    . (1) 

This power has limited value so that the constraint is 
PG (i) ≤ PG max. The daily curve of the buying prices 

BP(i) is given, for each hour i=1,...,24, in Fig. 5. It is 
taken from the website [15] of SEEPEX electricity 
market operator, for Monday, July 6th, 2020. It is 
assumed that the selling prices are 75% of the buying 
prices so that SP(i)=0.75 BP(i).  

The goal function for optimization is the costs function  
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to be minimized by optimal EVs charging/discharging.  

However, EVs are used for driving at specified time 
intervals during the day when they are not available at 
the charging station. The vehicles are used for driving 
from 10 am to 4 pm (for 6 hours within the working 
time of the company). In this paper,  nW =1, nPV =1 have 
been chosen. 
 

Various scenarios of electric vehicles fleet 
Variable SoC is defined in percentages of battery 
capacity at the beginning of the i-th interval. In each 
interval, SoC of the electric vehicle battery should be 
from 20% to 100%, so this is the constraint: 

.20 ( ) 100, 1,..., 24SOC i i   (3) 

Scenario 1: there are 5 vehicles available for driving 
and charging/discharging. Small EVs such as Nissan 
Leaf with the battery capacity of enEV=30kWh have 
range distances from 100km to 200km with their fully 
charged batteries. If one vehicle makes 166.7km with 
its full battery capacity, then for 55km it needs 33% of 
its capacity. For 6 hours of driving and 55km distance, 
it means that SoC decreases on average 5.5% per hour. 
If EVs were fully charged, SoC decreased to 67% after 
the driving period. For the next 18 hours (from 4 pm to 
10 am) all EVs are available for charging/discharging 
at the station. If the charger power is Pch=3.3kW and 
Pch/enEV=0.11, it means that SoC increases/decreases by 
11% per hour when charging/discharging. It is assumed 
that there is the same efficiency of charging and 
discharging. Each EV has to be charged for a minimum 
of 3 hours to get the energy of 9.9kWh (in total 
49.5kWh for 5 vehicles i.e. 33% of 150kWh).  

Scenario 2: there are 3 vehicles available with the 
battery capacity enEV=50kWh which results in 150kWh 
in total as in Scenario 1. If the vehicle makes 277.8km 
with its full battery capacity, then for 91.67km it needs 
33% of its capacity. Consumption of energy for the 
same driving distance differs for lesser than 10% for 
these and small EVs [16]. For example, energy 
consumption for Tesla S vehicle with the battery 
capacity 85kWh is 0.233kWh/km and for Nissan Leaf 
with the capacity 24kWh, it is 0.211kWh/km, which 
differs by 9.44%. Thus, it may be considered that the 
same distance of 275km is driven by these 3 vehicles as 
by 5 with smaller capacity in the first scenario. For 6 
hours of driving and 91.67km distance per vehicle, it 
means that SoC decreases on average 6.6% per hour. If 
the battery was fully charged, SoC decreased to 67% 
after the driving period. In that case, EVs have to be 
charged for a minimum of 5 hours during the next 18 

hours at the station by the chargers of power 
Pch=3.3kW to get the energy of 16.5kWh (in total 
49.5kWh for 3 vehicles).  

SoC at the beginning of the i-th interval is calculated 
based on the SoC at the beginning of the i-1 interval 
and added or subtracted energy in that interval as x(i-1) 

is of value 1 or -1. If there is neither charging nor 
discharging, SoC does not change.  

( ) ( 1) ( 1) / 100.ch EVSOC i SOC i x i P en      (4) 

 
Figure 6. Optimized daily schedule for Scenario 1 case 
a) charging/discharging 5EVs with enEV =30kWh and 

Pch=3.3kW 

 
Figure 7. The daily schedule of total energy demand 
after optimization of charging for Scenario 1 case a) 

 
Figure 8. Optimized daily schedule for Scenario 1 case 
b) charging/discharging 5EVs with enEV =30kWh and 

Pch=3.3kW 

 
Figure 9. The daily schedule of total energy demand 
after optimization of charging for Scenario 1 case b) 

 

Scenario 3: there are 3 EVs available, one of these with 
the battery capacity of enEV1=30kWh and two with 
enEV2=60kWh which results also in 150kWh in total as 
in previously discussed scenarios.  

For the lower capacity vehicle, a minimum of 3 hours 
is needed for charging whereas for the higher capacity 
vehicles a minimum of 6 hours with the chargers of 
power Pch=3.3kW.  
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Scenario 4: the same as Scenario 1, but for the chargers 
of power Pch’=9.9kW=3Pch, so that each EV takes at 
least 1 hour to charge. 

Scenario 5: the same as Scenario 3, but for the chargers 
of power Pch’=9.9kW, so that for the lower capacity EV 
minimum of 1 hour is needed for charging and for the 
higher capacity EVs at least 2 hours.  

RESULTS OF OPTIMIZATION 

Various types of renewable energy sources 
For each of these scenarios the optimization is done for 
two cases: a) PV panels are working, wind generators 
are not working, b) wind generators are working, PV 
panels are not working. For Scenario 1 case a) the 
optimized daily schedule of EVs charging/discharging 
is obtained as given in Fig. 6. The daily schedule of the 
total energy demand to the main grid Ptot(i) is given in 
Fig. 7. For Scenario 1 case b) the optimized daily 
schedule is obtained as given in Fig. 8, and the daily 
schedule of Ptot(i) in Fig. 9.  

Per each hour the sum of non-deferrable load demand 
PL(i) and EVs charging demand PEV(i) is greater than 
the production of renewable energy sources, as can be 
noticed in Figs. 7 and 9. The results of optimization for 
Scenario 2 cases a) and b) are given in Figs. 10 and 11, 
whereas for Scenario 3 in Figs. 12-15. It can be 
concluded that wind generators provide greater savings 
than PV panels if calculated per peak power installed.  
 

Various chargers’ power 
Scenarios 4 and 5 are the same as Scenarios 1 and 3 
except that the chargers are with three times greater 
power so that charging/discharging is three times faster. 

 
Figure 10. Optimized daily schedule for Scenario 2 

case a) charging/discharging 3EVs with enEV =50kWh 
and Pch=3.3kW 

 
Figure 11. Optimized daily schedule for Scenario 2 

case b) charging/discharging 3EVs with enEV =50kWh 
and Pch=3.3kW 

 
Figure 12. Optimized daily schedule for Scenario 3 

case a) charging/discharging 1EV with enEV1 =30kWh 
and Pch=3.3kW  

 
Figure 13. Optimized daily schedule for Scenario 3 

case a) charging/discharging 2EVs with enEV2 =60kWh 
and Pch=3.3kW 

 
Figure 14. Optimized daily schedule for Scenario 3 

case b) charging/discharging 1EV with enEV1 =30kWh 
and Pch=3.3kW 

 
Figure 15. Optimized daily schedule for Scenario 3 

case b) charging/discharging 2EVs with enEV2 =60kWh 
and Pch=3.3kW 

The same results are obtained for both Scenarios 4 a) 
and b), as given in Fig. 16. Results for Scenarios 5 a) 
and b) are given in Figs. 17-20. Costs are reduced in 
case b) if compared to case a) for 16.21% in Scenario 1, 
for 16.16% in Scenario 2, for 16.15% in Scenario 3, for 
16.35% in Scenario 4, and for 16.33% in Scenario 5.  
The savings for scenarios with different EVs power 
capacity (for the same total energy used) do not differ 
significantly. However, the greatest savings are 
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obtained for Scenarios 4 and 5 for charging/discharging 
by more powerful chargers. 

Charging strategy for electric vehicles should be also 
considered for the various energy buying prices at the 
market for different days in a week.  
 

Figure 16. Optimized daily schedule for Scenario 4 
both cases a) and b) charging/discharging 5EVs with 
enEV =30kWh and Pch’=9.9kW 

Figure 17. Optimized daily schedule for Scenario 5 
case a) charging/discharging 1EV with enEV1 =30kWh 
and Pch’=9.9kW 

 
Figure 18. Optimized daily schedule for Scenario 5 

case a) charging/discharging 2EVs with enEV2 =60kWh 
and Pch’=9.9kW 

 
Figure 19. Optimized daily schedule for Scenario 5 

case b) charging/discharging 1EV with enEV1 =30kWh 
and Pch’=9.9kW 

Figure 20. Optimized daily schedule for Scenario 5 
case b) charging/discharging 2EVs with enEV2 =60kWh 
and Pch’=9.9kW 

If compared to Wednesdays or Thursdays, buying 
prices may be about twice lower on Sundays and 
Saturdays. This is concluded based on buying prices 
from the SEEPEX power exchange market [15]. It 
makes days of the weekend (especially Sunday) 
preferable for charging if a vehicle was not driven 
meanwhile or DoD did not reach 80%. 

 

CONCLUSION 
The day-ahead offered variable energy buying prices at 
the energy market to enable reducing the energy costs 
in the case of using V2G technology of EVs.  

Wind generators provide greater savings than PV 
panels per peak power installed but require greater 
investments. EVs are treated as a fleet. It is concluded 
that a fleet with a greater number of EVs of lower 
battery capacity results in somewhat greater savings 
than a lesser number of EVs of greater battery capacity, 
for the same energy consumption and the same driving 
distance in total. However, this is not as significant as 
the charger power. More powerful chargers result not 
only in consumer satisfaction but also in reduced costs. 
It is interesting to take into account variable energy 
prices during weekdays and to charge preferably on 
Sundays. In future work, battery lifetime and its 
degradation, based on the number of 
charging/discharging cycles and total energy 
withdrawn, should also be considered.  
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OPTIMIZACIJA DNEVNOG RASPOREDA PUNJENJA ELEKTRIČNIH 

VOZILA RADI MINIMIZACIJE TROŠKOVA ELEKTRIČNE ENERGIJE 
 

Dario Javor, Dejan Krstić, Nebojša Raičević  
 
Rezime: U ovom radu je rešen optimizacioni problem za dnevni raspored punjenja/pražnjenja električnih vozila 
(EV) kako bi se minimizirali troškovi za električnu energiju. Rezultati su dobijeni za mikromrežu sa obnovljivim 
izvorima energije, a uštede su sračunate na osnovu dnevnih dijagrama neodložne potrošnje, proizvodnje 
fotonaponskih izvora i vetrogeneratora, kao i kupovnih/prodajnih cena električne energije na tržištu. Rezultati 
optimizacije su dati za različite kapacitete baterija električnih vozila u floti, različite snage punjača i tipove 
obnovljivih izvora energije. Program Lingo je korišćen da se reši ovaj optimizacioni problem.  

Ključne reči: optimizacija, punjenje električnih vozila, troškovi električne energije, obnovljivi izvori energije. 
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LEGAL REGULATION АNALYSIS OF 
ENERGY EFFICIENCY IN THE REPUBLIC 
OF SERBIA  
 
Abstract: Sustainable development, as a generally accepted concept 
of modern society, implies the protection of the environment as one of 
the basic goals. This goal is achieved, among other things, through the 
use of renewable energy sources and energy efficiency. The 
improvement of energy efficiency and application of renewable energy 
sources should be incorporated while preserving the economic 
interests of the state. In order to harmonize these interests, the state 
must introduce the policy in the field of energy, which will 
simultaneously take care of both the environment and the economy. 
Among the most important instruments of such a policy are legal 
regulations. The Republic of Serbia has an extensive and thoroughly 
structured system of regulations in the field of energy efficiency. The 
mere existence of regulations in this area is not enough. It is only a 
necessary precondition for their consistent application, as well as 
control of the application by inspection bodies. 

Keywords: energy, energy efficiency, laws, bylaws. 

 
INTRODUCTION 

It is well-known that global ecological awareness 
began to develop in the second half of the 20th century. 
The consequences of various events on the 
environment and human health became evident at that 
point [1]. Mass construction of power plants has led to 
the emission of pollutants in concentrations above the 
prescribed limit values. One of the biggest problems 
that humanity faces is global warming, which is a direct 
consequence of the greenhouse effect. In recent 
decades, there has been an increase in the emission of 
toxic gases, therefore, respiratory diseases, carcinogens 
and other diseases became more frequent. Finally, the 
consequences of climate change are widely observed 
[2]. All this has led to the fact that in the modern world 
there is increased awareness of the need for renewable 
energy sources and the improvement of various 
technologies in order to make energy use as accessible, 
economical and environmentally friendly as possible.  

In recent decades energy efficiency policy is gaining in 
importance and more and more attention is being paid 
to it. In the conditions of the very fast development of 
the world economy and increasing limitation of the 
availability of natural resources, energy efficiency is 
becoming one of the key goals of the states, as well as 
the international community [3]. The goal is to reduce 
energy consumption while keeping the level of comfort 
and quality of life unchanged. This goal is not easy to 
achieve, but a significant resource in this regard is legal 
regulations on energy efficiency. In order to use energy 
rationally and efficiently in Serbia, a number of laws 
and bylaws that thoroughly regulate energy efficiency 
has been introduced. Legal regulation of this issue is 
important in order to establish a system in which its 

subjects, their rights and obligations, as well as 
sanctions in case of non-compliance, are clearly 
defined. 

The Republic of Serbia is in the process of negotiations 
for accession to the European Union. By opting for 
accession to the European Union, Serbia has accepted 
the obligation to harmonize its regulations with the 
regulations of the European Union, improve the 
existing ones and adopt new, and a large part of those 
regulations concerns the protection of the environment 
[4]. The goal of this commitment is to improve the 
efficiency and legal regulations concerning the 
environment, including energy. Serbia has largely 
incorporated the EU acquis in the field of energy and 
energy efficiency into its national legal framework, 
which stems from its membership in the Energy 
Community [5]. 

 

LEGAL REGULATIONS ON ENERGY 
EFFICIENCY  

During the last two decades, the Republic of Serbia, as 
a candidate for membership in the European Union, has 
implemented an intensive policy of adopting 
regulations in the field of environmental protection. 
Four basic laws that form the basis of the 
environmental protection system and the basis of the 
legal regulation of environmental protection were 
adopted in the Republic of Serbia in 2004. Those are 
the Law on Environmental Protection, Law on 
Environmental Impact Assessment, Law on Strategic 
Environmental Assessment, and Law on Integrated 
Prevention and Control of Environmental Pollution.  
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Table 1. The subject of regulation of legal acts in the 
field of energy policy and energy efficiency 

Law Subject of regulation 
E

ne
rg

y 
L

aw
 

- national goals and plans concerning 
energy policy and the manner of its 
realization 

- conditions for reliable, safe and quality 
delivery of energy and energy products 

- conditions for secure supply to 
customers 

- protection of energy customers and 
energy sources, 

- conditions and manner of performing 
energy activities 

- conditions for the construction of new 
energy facilities 

- status and scope of work of the Energy 
Agency of the Republic of Serbia 

- use of renewable energy sources 

- incentives and guarantees of origin 

- the manner of organizing and 
functioning of the electricity, natural gas 
and oil derivatives markets 

- rights and obligations of market 
participants 

- establishment of ownership on the 
networks of system operators 

- supervision of law enforcement 

L
aw

 o
n 

E
ff

ic
ie

nt
 U

se
 o

f 
E

ne
rg

y 

- conditions and manner of efficient use 
of energy and energy sources in the 
sector of production, transmission, 
distribution and consumption of energy 

- financing, incentives and other 
measures in this area 

- minimum energy efficiency 
requirements in the production, 
transmission and distribution of 
electricity and heat and natural gas 
delivery  

- marking the levels of energy efficiency 
of products that affect energy 
consumption 

- energy management system 

- energy efficiency policy 

- other issues of importance for the 
rights and obligations of natural and 
legal persons related to the efficient use 
of energy 

 
 
 
 

Source: Ministry of Mining and Energy of the 
Republic of Serbia 
 
 

 

The adoption of these four laws was followed by a rich 
activity aimed at the adoption of laws governing the 
protection of certain segments of the environment, such 
as nature, air, soil, water, forests, protection from 
ionizing and non-ionizing radiation, waste 
management, chemical management, etc. Laws dealing 
with the legal regulation of energy efficiency belong to 
this group. All these recently adopted laws are 
accompanied by appropriate bylaws that are enacted in 
the form of rulebooks and ordinances. 

In order to harmonize domestic with European 
regulation, the Republic of Serbia has recently adopted 
documents in the field of energy, including laws, 
bylaws, strategies, reports, etc. Unlike other regulations 
governing the protection of certain segments of the 
environment, it seems that regulations on energy 
efficiency have not excited the curiosity of the 
scientific community sufficiently. Thus, the scientific 
literature abounds in research dedicated to 
environmental regulations, but there are few 
publications dedicated to energy efficiency regulations. 
The two basic laws in the field of energy and energy 
efficiency are the Energy Law and the Law on Efficient 
Use of Energy. 

The Energy Law defines national goals and plans 
concerning energy policy and the manner of its 
implementation, conditions for reliable, safe and 
quality delivery of energy and energy sources and 
conditions for a secure supply of customers, protection 
of energy and energy sources customers, conditions and 
manner of performing energy activities, conditions for 
the construction of new energy facilities, status and 
scope of work of the Energy Agency, use of renewable 
energy sources, incentive measures and guarantees of 
origin, manner of organization and functioning of 
electricity, natural gas and oil, and oil derivative 
markets, rights and obligations of market participants, 
the establishment of ownership on the networks of 
system operators, as well as supervision over the 
implementation of this law. This law regulates the 
production, distribution and supply of thermal energy 
as an energy activity [6]. 

The Law on Efficient Use of Energy regulates the 
conditions and manner of efficient use of energy and 
energy sources in the sector of production, 
transmission, distribution and consumption of energy, 
energy efficiency policy, energy management system, 
marking the level of energy efficiency of products 
affecting energy consumption, minimum energy 
efficiency requirements in the production, transmission 
and distribution of electricity and heat and delivery of 
natural gas, financing, incentives and other measures in 
this area, as well as other issues of importance for the 
rights and obligations of individuals and legal entities 
related to energy efficiency [7]. This law aims at 
achieving increased security of energy supply and its 
more efficient use, increased competitiveness of the 
economy, reduced the negative impact of the energy 
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sector on the environment, encouragement of 
responsible behavior towards energy. 

BYLAWS ON ENERGY EFFICIENCY 

Based on the mentioned legal documents, many 
bylaws, mostly decrees and rulebooks, has been 
adopted. Some of them are particularly important for 
energy efficiency, and bylaws related to energy 
management can be considered as a separate unit. 

The Decree on conditions and procedure for acquiring 
the status of privileged power producer, temporary 
privileged producer and producer of electricity from 
renewable energy sources prescribes the conditions and 
procedures necessary for the acquisition, duration and 
termination of the status of a privileged producer, 
temporary privileged producer of electricity and 
producer of electricity from renewable energy sources. 

 

Тable 2. Bylaws in the field of energy efficiency  

Decrees Rulebooks 

Decree on conditions and 
procedure for acquiring the 
status of privileged power 
producer, temporary privileged 
producer and producer of 
electricity from renewable 
energy sources 

Rulebook on 
energy permits 

Decree on incentive measures 
for the production of electricity 
from renewable energy sources 
and highly efficient combined 
heat and power production 

Rulebook on 
minimum criteria 
regarding energy 
efficiency in the 
public 
procurement 
procedure

Decree on compensation for 
incentives for privileged power 
producers 

 

Decree on minimum energy 
efficiency requirements that 
must be met by new and 
revitalized plants 

Decree on the types of products 
that affect energy consumption 
for which it is necessary to label 
energy consumption and other 
resources 

Source: Ministry of Mining and Energy of the 
Republic of Serbia 

The Decree also prescribes the requirements and 
evidence of meeting the conditions required to obtain 
the status of a privileged producer, the maximum 
capacity of power plants using wind energy and solar 

energy that will receive the status of a privileged 
producer, or a temporary privileged producer [8].  

In order for an energy entity and a natural person to be 
able to acquire the status of a privileged producer for a 
power plant or part of a power plant, it is necessary to 
meet many requirements prescribed in detail by this 
regulation. The Decree on incentive measures for the 
production of electricity from renewable energy 
sources and highly efficient combined heat and power 
production thoroughly prescribes incentive measures 
for the production of electricity from renewable sources 
and highly efficient combined heat and power 
production, conditions for their realization, duration of 
incentive periods, rights and obligations arising from 
these measures for eligible electricity producers and 
other energy entities. [9]. The incentive measures 
provided in this regulation include the incentive period, 
the incentive purchase price at which producers sell a 
certain amount of produced electricity to the supplier, 
taking over balance responsibility for the points of 
delivery of electricity by the privileged electricity 
producer during the incentive period by the guaranteed 
supplier, etc. The manner of calculation, payment and 
collection of funds based on compensation for 
incentive measures, as well as the manner of 
distribution of collected funds are prescribed by the 
Decree on compensation for incentives for privileged 
electricity producers [10]. The Decree on minimum 
energy efficiency requirements that must be met by 
new and revitalized plants prescribes minimum energy 
efficiency requirements that must be met by new and 
revitalized plants for electricity and heat production, as 
well as plants for combined heat and power production, 
i.e. systems for electricity transmission and systems for 
distribution of electricity and heat [11]. The Decree on 
the types of products that affect energy consumption 
for which it is necessary to label energy consumption 
and other resources prescribes for which types of 
products that directly or indirectly affect energy 
consumption it is necessary to label energy 
consumption and other important resources, i.e. label 
their energy efficiency, before being placed on the 
market. Also, the dynamics of the mandatory 
introduction of energy efficiency labels for different 
types of products are prescribed [12]. 

As for rulebooks, the Rulebook on energy permits and 
the Rulebook on minimum criteria regarding energy 
efficiency in the public procurement procedure are 
considered important. The Rulebook on Energy Permits 
prescribes the conditions for issuing energy permits, the 
content of applications for issuing energy permits 
depending on the type and purpose of the energy 
facility, the manner of issuing energy permits and the 
contents of the register of issued energy permits and the 
register of energy permits which are no longer valid 
[13]. The Rulebook on minimum criteria regarding 
energy efficiency in the public procurement procedure 
prescribes the minimum criteria in terms of energy 
efficiency that contracting authorities determine in the 
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procedure of public procurement of goods (office IT 
equipment, air conditioning devices, etc.) [14].  

REGULATIONS ON ENERGY 
MANAGEMENT 

The legal document that regulates the energy 
management system is the Law on Efficient Use of 
Energy. Several bylaws have been adopted based on 
this law. 

The Decree on setting limit values for annual energy 
consumption defines the limit values based on which it 
is determined which companies are liable for the 
energy management system, annual energy saving 
targets and the application form for the realized 
primary energy consumption of the system payers [15]. 

The Rulebook on the conditions for the appointment of 
energy managers in the bodies of local self-government 
units regulates the conditions for the appointment of 
energy managers in the bodies of local self-government 
units with more than 20,000 inhabitants as obligors of 
the energy management system [16]. 

Тable 3. Regulations in the field of energy management 

LAW ON EFFICIENT USE OF ENERGY 

Decrees Rulebooks  

Decree on 
setting limit 
values for 
annual energy 
consumption 

Rulebook on the conditions for the 
appointment of energy managers in 
the bodies of local self-government 
units 

Rulebook on the conditions for the 
appointment of energy managers in 
the companies whose predominant 
activity is in the manufacturing 
sector and companies as public 
services 

Rulebook on the conditions for the 
appointment of energy managers in 
the companies whose predominant 
activity is in the trade and services 
sector, state administration bodies, 
other bodies of the Republic of 
Serbia, bodies of the Autonomous 
Province and institutions 

Source: Ministry of Mining and Energy of the 
Republic of Serbia 
 

According to this rulebook, the local self-government 
unit is obliged to appoint at least one energy manager. 
The Rulebook on the conditions for the appointment of 
energy managers in the companies whose predominant 
activity is in the manufacturing sector and companies 
as public services thoroughly regulates the conditions 
for the appointment of energy managers as energy 
management system payers, including companies 

whose predominant activity is in the manufacturing 
sector and companies treated as public services, which 
perform activities in the field of postal traffic, energy, 
roads, utilities [17].  
The Rulebook on the conditions for the appointment of 
energy managers in the companies whose predominant 
activity is in the trade and services sector, state 
administration bodies, other bodies of the Republic of 
Serbia, bodies of the Autonomous Province and 
institutions regulates the conditions for the appointment 
of energy managers in energy management companies 
whose predominant activity is in the trade and services 
sector, state administration bodies, other bodies of the 
Republic of Serbia, bodies of the Autonomous Province 
and institutions that perform activities in the field of 
education, science, culture, healthcare and other areas 
following the law and which use public facilities [18]. 
In both rulebooks, it is mandatory to designate at least 
one energy manager for each location. 
 

CONCLUSION 

Since the right to a healthy environment is one of the 
basic human rights [19], the idea of sustainable 
development, among other things, requires active 
energy policy [20]. We need an environment based on 
the use of renewable energy sources and with an even 
greater share of energy efficiency. This policy requires 
the application of various measures in order to reduce 
energy consumption so that the quality of life remains 
the same. 

One of the most important instruments of the energy 
efficiency policy is its legal regulation. The Republic of 
Serbia is committed to renewable energy sources and 
one of the important initial steps towards this goal was 
the ratification of the Kyoto Protocol and the signing of 
the Energy Community Treaty when Serbia agreed to 
harmonize its laws with EU Directive 2001/77 /EC 
promoting electricity produced from renewable sources 
[2][21]. 

During the past two decades, Serbia has intensified its 
activity in the direction of setting the legal framework 
for the efficient work of the energy sector, which 
resulted in the adoption of the Law on Energy [4] and 
the Law on Efficient Use of Energy [5]. As for bylaws, 
decrees and rulebooks are of special importance, all of 
which have been adopted relatively recently. It is 
noticeable that this matter is regulated almost equally 
by decrees and rulebooks, although decrees have a 
stronger political significance since they are passed by 
the state government as a whole, while rulebooks are 
mostly issued by the line minister. In addition to all the 
above-mentioned documents that have binding legal 
force, planning and strategic documents have a very 
important role in the energy policy. The Strategy for 
the Development of Energy of the Republic of Serbia 
until 2025 with projections until 2030 [22] and the 
National Action Plan for the Use of Renewable Energy 
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Sources of the Republic of Serbia [23] are especially 
significant. 

Bearing in mind the abundant legal regulation 
described above, it can be concluded that the field of 
energy, energy efficiency and renewable energy 
sources in Serbia is thoroughly regulated by clearly 
structured documents of different legal force. Another 
issue is their application where problems such as lack 
of financial resources, complex administrative 
procedures, etc. can be recorded. All these challenges 
require the commitment of our country to energy 
efficiency policy and efficient mechanisms for 
implementing regulations in this area. 
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АNALIZA PRAVNOG UREĐENJA ENERGETSKE EFIKASNOSTI U 

REPUBLICI SRBIJI 
 

Aleksandra Ilić Petković, Jelena Malenović Nikolić  
 

Rezime: Održivi razvoj, kao opšteprihvaćen koncept savremenog društva, podrazumeva zaštitu životne sredine 
kao jedan od osnovnih ciljeva. Ovaj cilj se ostvaruje, pored ostalog, i korišćenjem obnovljivih izvora energije i 
energetskom efikasnošću. Unapređenje energetske efikasnosti i primena obnovljivih izvora energije treba da se 
odvija uz očuvanje ekonomskih interesa države. Da bi se ovi interesi uskladili, neophodna je intervencija države 
kroz vođenje politike u oblasti energetike tako da se istovremeno vodi računa, i o životnoj sredini, i o ekonomiji. 
Jedan od najvažnijih instrumenata ovakve politike jesu propisi. Republika Srbija poseduje razgranat i temeljno 
strukturiran sistem propisa u oblasti energetske efikasnosti. 

Ključne reči: energetika, energetska efikasnost, zakoni, podzakonska akta. 
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DISTRIBUTION OF THE MAGNETIC FIELD 
FROM A MOBILE PHONE AT 0.9, 1.8 AND 
2.1 GHZ THROUGH A CHILD HEAD 
MODEL 
 
Abstract: Children’s everyday use of mobile phones exposes them to 
significant levels of electromagnetic radiation, causing public concern 
over the potential adverse effects. This paper discusses the magnetic 
field distribution from a mobile phone at the frequencies of 0.9, 1.8, 
and 2.1 GHz through a child head model. Human tissues and organs 
are represented in terms of their corresponding electromagnetic 
properties. The results of magnetic field distribution for a horizontal 
cross-section of the child head model at the three given frequencies 
are presented in the paper. 
 

Keywords: mobile phone, electromagnetic characteristics of tissues, 
model of child head, magnetic field

 
INTRODUCTION 
Mobile phones have become ingrained in people’s 
everyday life. Their pervasiveness now goes beyond 
the mere use for business purposes, as they are also 
heavily used in the areas of education and 
entertainment. This phenomenon did not bypass the 
children, who are now using mobile phones as their 
new favourite toys. Through daily use, children are 
being increasingly exposed to electromagnetic radiation 
(EMR) emitted by mobile phones. 
Most studies about the impact of electromagnetic 
radiation from wireless mobile devices focused on the 
impact of radiation on adult head models [1-4]. 
However, recent studies on the impact of 
electromagnetic radiation from mobile phones on 
children showed that the radiation exposure of adults 
differs from that of children and that children are more 
affected by EMR than adults [5-11]. 
A number of studies also showed that electromagnetic 
radiation causes a higher incidence of malignant brain 
tumours. Consequently, in 2011, the International 
Agency for Research on Cancer (IARC) proclaimed 
electromagnetic (EM) fields to be potentially 
carcinogenic, including them in the 2B group [12]. 
Since the standards and instructions regarding EM field 
exposure limits were created based on the research 
performed on adults, it remains to determine whether 
the safety limits can also be applied to the exposure of 
children [13]. 
This paper uses a child head model to examine the 
impact of the magnetic field from a mobile phone on 
children. 
In Serbia, the area of EM field safety is regulated by 
the Law on Protection against Non-Ionizing Radiation 
[14]. The Law stipulates the conditions and measures 
for the protection of human health and the environment 
from the harmful effects of non-ionizing radiation. 
Additionally, The Rulebook on the Limits of Exposure 
to Non-Ionizing Radiation [15] defines the basic 

limitations and reference limit levels of exposure of the 
population to electric, magnetic, and electromagnetic 
fields of different frequencies that are regarded as safe 
for human health. 
The majority of the studies concerning the potential 
harmful effects of electromagnetic radiation on mobile 
phones users focused on establishing the electric field 
values of inside the model body and the SAR (Specific 
Absorption Rate) values [1-10]. 
The magnetic field distribution through the child head 
model is calculated for the same horizontal cross-
section of the model for three different frequencies – 
0.9 GHz, 1.8 GHz, and 2.1 GHz. 
According to the Serbian Rulebook, the magnetic field 
reference limit for the 0.9 GHz frequency is 0.044 A/m, 
for the 1.8 GHz frequency 0.063 A/m, and for 2.1 GHz 
it is 0.064 A/m [15]. 

CHILD HEAD MODELLING 
A child head numerical model was developed for the 
purpose of this paper using 3ds Max, a specialized 
software package for 3D design [16]. The model 
corresponds to a 7-year-old child’s head [5-7, 11] and 
realistically replicates its anatomical structure and 
properties. It consists of the following tissues and 
organs: the skin, the fatty tissue, the muscles, the skull, 
the jaw including teeth, the tongue, the eyes, the 
vertebrae, the cartilage, the spinal cord, cerebrospinal 
fluid, the brain, and the pituitary gland. 
The tissues and organs need to be described in terms of 
their corresponding electromagnetic parameters, such 
as electric conductivity, permittivity, and density 
(Tables 1, 2, and 3). 

The radiation source is represented by a numerical 
model of a smart phone [6]. The antenna was modelled 
for the frequencies of 0.9 GHz, 1.8 GHz, and 2.1 GHz. 
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Table 1. Electromagnetic properties of tissues and organs at 
f=0.9 GHz [17] 

Tissues r  
  

( S/m ) 


( 3kg/m ) 
1. Cortical Bones 12.45 0.143 1908 

2. Brain
a
 45.81 0.767 1046 

3. Cerebrospinal Fluid 68.60 2.410 1007 
4. Fat 11.30 0.109 911 
5. Cartilage 42.70 0.782 1100 
6. Pituitary Gland 59.70 1.040 1053 
7. Spinal Cord 32.50 0.574 1075 
8. Muscle 55.00 0.943 1090 
9. Eyes 49.60 0.994 1052 
10. Skin 41.40 0.867 1109 
11. Tongue 55.30 0.936 1090 
12. Teeth 12.50 0.143 2180 

a Electromagnetic properties defined as the average value. 

Table 2. Electromagnetic properties of tissues and organs at 
f=1.8 GHz [17] 

Tissues r  
  

( S/m ) 


( 3kg/m ) 
1. Cortical Bones 11.8 0.275 1908 

2. Brain
a
 46.1 1.710 1046 

3. Cerebrospinal Fluid 67.2 2.920 1007 
4. Fat 11.0 0.190 911 
5. Cartilage 40.2 1.290 1100 
6. Pituitary Gland 58.1 1.500 1053 
7. Spinal Cord 30.9 0.843 1075 
8. Muscle 53.5 1.340 1090 
9. Eyes 46.3 1.369 1052 
10. Skin 38.9 1.180 1109 
11. Tongue 53.6 1.370 1090 
12. Teeth 11.8 0.275 2180 

a Electromagnetic properties defined as the average value. 

Table 3. Electromagnetic properties of tissues and organs at 
f=2.1 GHz [17] 

Tissues r  
  

( S/m ) 


( 3kg/m ) 
1. Cortical Bones 11.60 0.328 1908 

2. Brain
a
 45.50 1.880 1046 

3. Cerebrospinal Fluid 66.80 3.150 1007 
4. Fat 10.90 0.224 911 
5. Cartilage 39.50 1.490 1100 
6. Pituitary Gland 57.70 1.700 1053 
7. Spinal Cord 30.50 0.951 1075 
8. Muscle 53.20 1.510 1090 
9. Eyes 47.88 1.530 1052 
10. Skin 38.40 1.310 1109 
11. Tongue 53.10 1.560 1090 
12. Teeth 11.60 0.328 2180 

a Electromagnetic properties defined as the average value. 

RESULTS 
The magnetic field distribution inside the child head 
model was calculated using the finite element method, 
with the help of CST Microwave Studio software 
package [18]. 

The analysis was performed for the phone position 
during its use for standard voice communication. 
Figure 1 shows the horizontal cross-section of the child 
head model with directions A1, A2, A3, along which the 
magnetic field intensity distribution was analyzed. 

 

Figure 1. Cross-section and directions A1, A2, and A3 
for the assessment of results 

Figures 2, 3, and 4 show the dependence of magnetic 
field intensity on the distance along the directions 
shown in Figure 1, for the frequencies of 0.9 GHz, 1.8 
GHz, and 2.1 GHz. 
The results correspond to a reference power of P = 1 W 
of the source of radiation [19]. 

 

Figure 2. A/mH    distribution along direction A1 at 

0.9, 1.8, and 2.1 GHz 

According to Figure 2, the reference limits are 
exceeded along the direction A1 for all three 
frequencies. The maximum value for magnetic field 
intensity at 0.9 GHz is almost 20 times higher than the 
reference limit, at 1.8 GHz it is almost 8 times higher 
than the reference limit, whereas at 2.1 GHz it is about 
4 times higher. 
At 0.9 GHZ, values higher than the reference limit are 
present up to a distance of 120 mm in the skin, the fatty 
tissue, the head muscles, the skull, the CSF, and the 
brain. 
At 1.8 GHZ, values higher than the reference limit are 
present up to a distance of 60 mm in the skin, the fatty 
tissue, the head muscles, the skull, the CSF, and the 
brain. 
At 2.1 GHz, values higher than the reference limit are 
present up to a distance of 24 mm in the skin, the fatty 
tissue, the head muscles, the skull, and the CSF. 
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Figure 3. A/mH    distribution along direction A2 at 

0.9, 1.8 and 2.1 GHz 

According to Figure 3, the reference limits are also 
exceeded along the direction A2. In this case, the 
maximum value for magnetic field intensity at 0.9 GHz 
is almost 50 times higher than the reference limit, at 1.8 
GHz it is almost 20 times higher than the reference 
limit, whereas at 2.1 GHz it is almost 16 times higher. 
At 0.9 GHZ, values higher than the reference limit are 
present up to a distance of 80 mm; at 1.8 GHZ, values 
higher than the reference limit are present up to a 
distance of 55 mm and at 2.1 GHz they are present up 
to a distance of 44 mm. The reference limits for all 
three frequencies were exceeded in the skin, the fatty 
tissue, the head muscles, the skull, the CSF, and the 
brain. 

 

Figure 4. A/mH    distribution along direction A3 at 

0.9, 1.8, and 2.1 GHz 

As with the previous two directions, the reference 
limits for multiple tissues and organs were also 
exceeded along the direction A3 at all three frequencies 
(Fig. 4). The maximum value for magnetic field 
intensity at both 0.9 GHz and 1.8 GHz is almost 12 
times higher than the reference limit, while at 2.1 GHz 
it is about 7.5 times higher. 
At 0.9 GHZ, values higher than the reference limit are 
present up to a distance of 96 mm, at 1.8 GHZ, they are 
present up to a distance of 53 mm, and at 2.1 GHz they 
are present up to a distance of 44 mm. The reference 
limits for all three frequencies were exceeded in the 
skin, the fatty tissue, the head muscles, the skull, the 
CSF, and the brain. 

CONCLUSION 
This paper analyzed and discussed the distribution of 
the magnetic field, an integral part of the 

electromagnetic field emitted by mobile phones, 
through a numerical child head model at the 
frequencies of 0.9 GHz, 1.8 GHz, and 2.1 GHz. A 
model of a modern smart phone containing a PIFA 
antenna, a casing, and a display served as the source of 
electromagnetic radiation. 
The magnetic field distribution in the child head model 
was analyzed for three different directions within the 
same horizontal cross-section. The position of the 
considered cross-section was chosen according to the 
mobile phone’s radiating element, so the high field 
values were to be expected. 
The analysis of the obtained values for magnetic field 
intensity showed that the calculated values exceeded 
the reference limits for all three frequencies and all 
three directions up to a certain distance through various 
tissues/organs. At the carrier frequency of 0.9 GHz, the 
obtained magnetic field intensity values were almost 50 
times higher than the reference levels. At the same 
frequency, for all the analyzed directions in cross-
section A, the areas displaying increased magnetic field 
intensity values included the skin, the fatty tissue, the 
head muscles, the skull, the CSF, and the brain. 
At the carrier frequency of 1.8 GHz, the obtained 
magnetic field intensity values were almost 24 times 
higher than the reference levels. At the same frequency, 
for all the analyzed directions in cross-section A, the 
areas displaying increased magnetic field intensity 
values included the skin, the fatty tissue, the head 
muscles, the skull, the CSF, and the brain. 
Likewise, at the carrier frequency of 2.1 GHz, the 
obtained magnetic field intensity values were also very 
high – about 11 times higher than the reference limits. 
At this frequency, for the analyzed direction A1, the 
areas displaying increased magnetic field intensity 
values included the skin, the fatty tissue, the head 
muscles, the skull, and the CSF; for directions A2 and 
A3, the areas with increased magnetic field intensity 
also included the brain. 
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RASPODELA MAGNETNOG POLJA U MODELU GLAVE DETETA OD MOBILNOG 
TELEFONA NA 0.9, 1.8 I 2.1 GHz 

Stanković Vladimir, Dejan Jovanović, Dejan Krstić, Darko Zigar, Jelena Malenović-Nikolić 
 

Apstrakt: Svakodnevna upotrebe bežičnih uređaja, pre svega mobilnih telefona, izazvala je veliku zabrinutost kod 
javnosti zbog mogućih štetnih efekata elektromagnetnog zračenja kojim su izloženi korisnici ovih uređaja, 
prevashodno deca. Ovaj rad sumira navike korišćenja mobilnih telefona kod dece i tinejdžera i vezu sa mogućim 
štetnim biološkim efektima elektromagnetnog zračenja ovih uređaja. Opisan je postupak kreiranja modela glave 
odraslih osoba i dece koji se koriste za numerički proračun prodrlog elektromagnetnog polja i apsorbovane 
energije. Kako se ljudsko telo sastoji od više različitih tkiva i organa, svaki od njih je neophodno opisati 
odgovarajućim elektromagnetnim karakteristikama. 
Svakodnevna upotreba mobilnih telefona od strane dece značajno je uvećala njihovu izloženost elektromagnetnom 
zračenju. To je dovelo do zabrinutosti javnosti zbog potencijalnih štetnih efekata elektromagnetnog zračenja. Ovaj 
rad prikazuje raspodelu magnetnog polja u modelu glave deteta od mobilnog telefona koji radi na frekvencijama 
0.9, 1.8 i 2.1 GHz. Ljudska tkiva i organi su predstavljeni u skladu sa njihovim odgovarajućim elektromagnetnim 
osobinama. U radu su predstavljeni rezultati raspodele magnetnog polja za horizontalni presek modela glave deteta 
na sve tri frekvencije. 
 

Ključne reči: mobilni telefon, elektromagnetne karakteristike tkiva, model glave deteta, magnetno polje 
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EVALUATING FIRE EFFLUENTS DURING 
COMBUSTION OF WOOD BOARDS 
 
Abstract: Effluents generated during the flaming as well as non-
flaming burning of materials may be regarded as the main cause of 
death and injuries from fires. The structure of fire gases highly 
depends on the physical condition and chemistry of fuel as well as 
burning conditions. During the combustion of organic materials, 
complex mixtures of fire gases may be created. This paper investigates 
fire effluent yields during the well-ventilated burning tests of lumber 
products – board samples from two common wood species: oak and 
fir. Experiments were performed in custom-designed laboratory 
installation hyphenating mass loss calorimeter (with chimney and 
thermopiles for heat release rate measurement) and FTIR gas analyzer 
for subsequent on-line analysis of evolved fire gases. Tests were 
conducted with two different heat fluxes: 30 and 40 kW/m2. The focus 
was on continuous emission monitoring of three principal fire gas 
components: H2O, CO2, and CO with a particular emphasis on CO 
rates.  

Keywords: fire effluents, mass loss calorimeter, FTIR analysis, well-
ventilated burning

 
INTRODUCTION 
It is hard to find a building material that can outperform 
the benefits of wood. Wood construction products span 
from minimally processed lumber to engineered wood. 
It is usually a principal component found in the home 
furniture. However, wood materials are highly 
flammable and bring elevated fire hazards in enclosure 
spaces. During the wood-burning complex mixtures of 
fire, gases are created usually accompanied by soot. 
Primary components present in gaseous products of 
wood combustion are carbon monoxide, carbon 
dioxide, and water while the other gases/vapors may be 
present depending on the previous chemical treatment 
of wood/wood product [1]. 

Generally, the main toxic combustion products are 
divided into two classes: asphyxiant gases (gases that 
cause loss of consciousness and death), and irritant 
gases which cause immediate incapacitation. The most 
common toxic components of fire effluents are 
presented in Table 1 [2]. The yield and structure of fire 
gases highly depend on the physical state of fuel, its 
chemistry as well as burning conditions.  

Table 1. List of main asphyxiant and irritant gases 
Asphyxiant 

gases 
Irritant gases 

Other 
components

Carbon 
monoxide 

(CO) 
Hydrogen 
cyanide 
(HCN) 

Hydrogen fluoride (HF) 
Hydrogen chloride 

(HCl) 
Hydrogen bromide 

(HBr) 
Nitrogen dioxide (NO2) 
Sulphur dioxide (SO2) 

Organic irritants 

Oxygen 
(O2) 

Carbon 
dioxide 
(CO2) 

The study of fire effluents attracted considerable 
attention in recent years. The most notable contribution 
was made through the EU-funded research program 
“Smoke Analysis by Fourier Transform Infrared 
spectroscopy (SAFIR)”. Results of this project 
established Fourier-transform infrared spectroscopy 
(FTIR) as a method of choice in fire effluents research. 
FTIR is now routinely used in fire research [3].  

In this study, a specially designed installation, 
containing a mass loss calorimeter and FTIR analyzer, 
was used for continual emission monitoring of fire 
effluents during the well-ventilated combustion of 
wood board samples (oak and fir). Tests were 
performed with two predefined heat fluxes: 30 and 40 
kW/m2 with piloted ignition. The focus of the analysis 
was on the three dominant components in the fire 
effluents: CO2, H2O, and CO. It was expected that the 
other species will be below or on the lower detection 
limit of the FTIR instrument. The objective was to 
determine the moments and appropriate levels of CO, 
the principal toxicant in most fires, during the tests.  

EXPERIMENTAL SETUP  

Mass loss calorimeter 
Burning tests were performed on a mass loss 
calorimeter (MLC) (Fire Testing Technology, UK). 
Apparatus, containing fire model, chimney with 
thermopile (for heat release measurement), and load 
cell was placed in a custom-designed fume cupboard 
(Fig. 1). The exhaust system (hood, fan, and sampling 
ports) was manufactured according to 
recommendations from ISO 5660 [4]. MLC is routinely 
used for fast screening of materials fire characteristics. 
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This instrument contains the same fire model (truncate 
cone heater) as cone calorimeter and can produce heat 
fluxes up to 100 kW/m2. In this study, MLC was used 
for measurement of heat release rate (HRR), total heat 
released (THR), mass loss rate (MLR), specific mass 
loss rate (SMLR), and effective heat of combustion 
(EHC). According to recommendations from ISO 5660, 
the volumetric flow rate was set to 0.024 m3/s.  
 

 
Figure 1. Devices used in the experiment 

Fire gas analysis 
On the horizontal run of the main exhaust pipe, 200mm 
before ventilator intake, a connection port for a probe 
for sampling fire effluents was made. The connection 
was made with treaded Swagelok fitting. For a 
continuous sampling of fire gases evolved during the 
combustion process specially designed probe was used 
(Figure 2). Fire effluent analysis was performed with 
FTIR gas analyzer DX-4000 (Gasmet, Finland).  FTIR 
assembly contained three units: sample probe, pump, 
and gas analyzing cell. All three units were connected 
with a transport line, which was heated up to 180 oC, to 
avoid water vapor condensation and trapping of water-
soluble compounds.  

 
Figure 2. Special design probe for analyzing exhaust 

gaseous 

FTIR analyzer enables the identification and 
quantification of several combustion product species: 
H2O, CO2, CO, N2O, NO, NO2, SO2, NH3, HCl, HF, 
CH4, C2H6, C2H4, C3H8, C6H14, CHOH. 

Samples studied 

Two common lumber species oak and fir (to represent 
softwood and hardwood) were selected for combustion 
analysis. These species are often used in construction, 
manufacture, and as part of home furniture. The tested 
specimens were purchased from a local sawmill and cut 
to a standard dimension (100 mm x 100 mm) to 
accommodate a sample holder. The studied specimens 
were 21 mm thick with the following masses: oak 
sample – 135 g and fir sample – 86 g.  

Tests were performed with a retainer frame, meaning 
that the only top side of the specimen was exposed to 
incident radiation from the conical heater. Quartz wool 
pads and ceramic boards were used to isolate the 
bottom of the sample from the sample holder. Before 
the test, specimens were wrapped with 0.05 mm thick 
aluminum foil. Distance between the sample surface 
and conical heater edge was set to standard 25 mm. 
Figure 3 presents prepared samples for the experiment. 

 

a) oak lumber b) fir lumber 

Figure 3. Prepared samples in a sample holder 

Two prescribed heat fluxes were used during the 
experiments: 30 and 40 kW/m2. Tests were performed 
with piloted ignition. For piloted ignition spark plug 
was used. The spark plug was positioned centrally 
above the specimen surface and kept until the flaming 
combustion commenced.  

Calibration of equipment 
Before the experiment started, the gas analyzer and 
MLC were calibrated.  

Calibration of FTIR gas analyzer relies on reference 
spectra recorded on a computer and daily background 
spectrum measurement with zero gas (N2) which 
compensates for any variation in the IR source and 
sample cell. To support this idea, FTIR gas analyzers 
do not require periodic recalibration. A daily 
background spectrum measurement with zero gas is 
enough to preserve measurement accuracy [5].  

Calibration of MLC was performed in a few stages. It 
consists of calibration of conical heater against desired 
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heat flux (with Schmidt-Boelter heat flux meter), 
chimney thermopile for heat release rate measurement 
(calibration with methane burner), and load cell 
calibration for anticipated masses of specimens.   

RESULTS AND DISCUSSION  
Figures 4 and 5 show the measured emissions of the 
fire effluents which were generated during the 
combustion process, at a specific heat flux of 30 and 40 
kW/m2. Volumetric concentrations of the following 
species were measured: H2O, CO2, CO, and CH4. 
Concentrations are presented along with the evolution 
of the mass-loss rate (MLR). Note that MLR values on 
the left graphs in figures 4 and 5 are shown on the right 
vertical axis, while on the right graphs in figures 4 and 
5 mass-loss rates are presented as MLR*1000, to 
provide better insight into obtained results and facilitate 
comparison with concentration levels.  
While FTIR instrument additionally measures the 
content of the following species: N2O, NO, NO2, SO2, 
NH3, HCl, HF, C2H6, C2H4, C3H8, C6H14, and CHOH, 
values are not presented and further discussed because 
detected concentrations during the experiments were 
very low i.e. under 10 ppm. 
Ignition time and moment of flameout are marked, with 
vertical lines and appropriately designated. Table 2 
shows the exact times for IT and FOT, for both incident 
heat fluxes. Ignition and flameout times are shorter for 
higher heat fluxes as was expected. The difference is 
less pronounced for times to ignition than for flameout 
times.  Moreover, the difference between flameout 
times for two incident fluxes is more obvious for fir 
than for oak.  
Table 2. Ignition time and flame-out time for analyzed 
samples 

Sample name 
30 kW/m2 40 kW/m2 

IT (s) FOT (s) IT (s) FOT (s) 
Oak tree 83 1737 30 1433
Pine tree 55 1252 16 1199

For both wood samples, CO2 and H2O were dominant 
species detected, with water being the most prominent 
product. Concentration profiles of these two species 
(H2O and CO2) have a major contribution to the shape 
of the mass-loss rate (MLR) curve profile. One part of 
the water in fire gases originates from the evaporation 
of “free” and “linked” water. “Free” water pertains to 
water absorbed by organic material, while “linked” 

water refers to water bound to original material through 
weak hydrogen bonds. The other part is water vapor 
created from hydrogen content in the fuel.  
As shown in Figure 4, for the oak sample, the CO2 
concentration profile, has two distinct peaks, regardless 
of the value of incident heat flux. The first peak 
corresponds to CO2 emitted during the ignition of the 
sample. The second peak corresponds to the moment 
when the specimen starts swelling up, allowing the 
oxygen to penetrate from previously enclosed sides.  
Unlike oak sample, fir has only one peak of CO2 
concentrations, which occur after the ignition of the 
sample (Figure 5). This finding is valid for both heat 
flux, 30 and 40 kW/m2. Measured concentrations of 
CO2 for oak samples were somewhat lower when 
compared to fir samples.  
As to the CO emission, higher concentrations were 
noticed for lower heat fluxes. After the ignition, CO 
concentrations start rising.  It seems that despite the 
well-ventilated conditions, oxygen diffusion in flame 
was not sufficient. CO concentration reaches the first 
peak in the period between the ignition time (IT) and 
flameout time (FOT). Near the second MLR peak CO 
concentration start to decrease. This moment 
corresponds to the point when the sample is fully 
engulfed in flame and starts to burn through the whole 
volume. For some time oxygen unimpededly diffused 
in flame, enabling complete combustion, and this 
corresponds to a minute concentration of CO. After the 
second MLR peak, the concentration of pyrolyzed 
gases above the surface of the fuel in the mixture with 
air were below the flammability limit, and the flame 
ceased. After the flameout, a high increase of CO 
concentration was noticed, which indicates the second, 
the higher peak of CO. Oak lumber gives the highest 
values for both heat fluxes. In the case of fir lumber, 
for both heat fluxes, CO concentrations had about the 
same trend.   
In the case of CH4 concentration, for all samples, in the 
period between IT and FOT, there were no significant 
released concentrations. From the beginning of the 
experiment, any increase or decrease in concentrations 
has not been noticeable. The first and only peak value 
was noticed in the period after FOT. During 
smoldering, CH4 concentration starts to rise. This 
observation holds for both samples. 

 

Figure 4. Evolution of fire effluents during the oak sample burning test for two incident heat fluxes: 30 and 40 kW/m2 
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Figure 5. Evolution of fire effluents during the fir sample burning test for two incident heat fluxes: 30 and 40 
kW/m2 

CONCLUSION 
In this study, a mass loss calorimeter was coupled with 
an FTIR gas analyzer to investigate fire effluents from 
the most commonly used wood types.  

Based on the analysis, the following concluding 
remarks can be drawn: 
 H2O and CO2 were the two dominant species 

present in the flue gases; 
 CO2 concentrations were heat flux dependent for 

oak lumber, while for fir lumber significant 
difference was not detected; 

 CO emission had a characteristic two-peak profile 
for both samples, regardless of incident heat flux, 
with more distinct shape for oak lumber sample;  

 While CH4 concentration was minute almost during 
the whole course of the experiment, values started 
to rise immediately after flameout. 
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ODREĐIVANJE EFLUENATA POŽARA PRI SAGOREVANJU DRVENIH PLOČA 
Nikola Mišić, Milan Protić  

 

Rezime: Generisanje efluenata požara pri plamenom i tinjajućem sagorevanju materijala, mogu biti glavni uzroci 
smrti i povreda usled požara. Struktura gasova u požaru u velikoj meri zavisi od fizičkog stanja i hemijskog 
sastava goriva kao i uslova sagorevanja. U toku sagorevanja organskih  materijala, mogu se stvoriti složene smeše 
gasova. Ovaj rad istražuje efluente požara u dobro ventilisanim uslovima sagorevanja proizvoda od drveta - uzorci 
ploča dveju uobičajenih vrsta drveta: hrasta i jele. Eksperimenti su izvedeni u specijalno projektovanoj laboratoriji 
na kalorimetru za ispitivanje toplotne snage (sa dimnjakom i termoparovima za merenje toplotne snage) i FTIR 
gasnim analizatorom za analizu nastalih gasova u požaru. Ispitivanja su vršena za dva različita toplotna fluksa: 30 
i 40 kW/m2. Fokus je bio na kontinuiranom praćenju emisija tri glavne komponente gasova u požaru: H2O, CO2 i 
CO sa posebnim naglaskom na CO. 

Ključne reči: efluenti požara, kalorimetar za ispitivanje toplotne snage, FTIR analiza, ventilisano sagorevanje. 
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ANALYSIS OF CONTEMPORARY MUNICIPAL 
WASTE MANAGEMENT PRACTICE IN THE 
REPUBLIC OF SERBIA 
 

Abstract: This paper presents an analysis of the current practice in the field 
of municipal waste management in the Republic of Serbia. Data on 
generated, reused and disposed waste, collected by the Serbian 
Environmental Protection Agency, have been analyzed. The analysis showed 
that part of the generated waste is still not properly disposed of in sanitary 
landfills. Also, the paper presents municipal waste management methods that 
are most commonly used in the Republic of Serbia. From the data analyzed, 
it was concluded that the most commonly used method of waste management 
is landfill disposal. The aim of the paper is to present the improvements made 
so far in the field of municipal waste management practice through the Waste 
Management Strategy 2011 to 2019 with reference to the betterments and 
changes expected in the new Strategy in the coming period. 

Keywords: municipal waste, quantity, composition,  treatment methods, 
Republic of Serbia 

INTRODUCTION 

Waste generation has been recorded ever since the 
emergence of the human population. Waste management 
had not been given adequate attention until the period of 
intensive economic growth after the Second World War. 
The awareness of sustainable waste management 
appeared during the first global initiatives in the field of 
environmental protection, in the 1970s. Sustainable 
waste management has become indispensable in the last 
few years at all stages (collection, transport, treatment 
and disposal) that potentially have an environmental 
impact. As a result, a range of new and existing waste 
treatment technologies and management strategies are 
brought together to maintain environmental quality 
today and to meet the sustainable development goals in 
the future [1]. Waste generation depends on the degree 
of industrial development, quantity, level and type of 
industrial and economic activities, the standard of living, 
lifestyle, social environment, consumption, and other 
parameters such as population size and waste 
management efficiency [12] [3]. The basic information 
needed for the planning, operation and optimization of 
waste management systems is the amount and 
composition of generated waste [4]. Poor management 
of solid waste may result in serious urban, sanitary and 
environmental problems such as unpleasant odors and 
risk of explosion in landfill areas, as well as groundwater 
contamination due to leachate percolation [5]. The 
legislative framework in the field of environmental 
protection and management provides the conditions for 
establishing and developing an integrated waste 
management system. Solid waste management in 
developing countries around the world has been reported 
by several researchers in 2005, 2006, 2008 and 2009. [6] 
[7] [8] [9]. Waste management in the Republic of Serbia 
can generally be characterized as underdeveloped [10].  
Waste management methods usually consist only of 
collection, transport and disposal, while advanced waste 

treatment methods are less common [11]. Research to 
date has shown that a small portion of treated municipal 
waste in the Republic of Serbia is mainly treated with 
mechanical treatment methods (it is important to keep in 
mind that, so far, thermal methods have only been used 
to treat medical waste). The collection of waste 
management data is based on the existing legislation of 
the Republic of Serbia, EU directives, as well as 
obligations arising from various international treaties 
[12]. Reporting and data collection began in 2007 with 
the establishment of the Integrated Pollutant Cadaster. 
Data on waste management in the Republic of Serbia are 
collected under the Law on Waste Management. This 
paper analyzes waste reuse, recycling and disposal, as 
the most commonly used methods of municipal waste 
management in the Republic of Serbia. 

THE IMPORTANCE OF SUSTAINABLE 
MUNICIPAL WASTE MANAGEMENT  
Municipal waste includes the waste left from 
households, non-hazardous solid waste from industrial, 
commercial and institutional establishments (including 
hospitals), market waste, yard waste, and street 
sweepings [13]. In the 21st century, the perception of 
sustainable municipal waste management has become 
necessary at all phases, starting from planning to 
construction of specific technological units, transport, 
treatment, disposal and final activities related to site 
remediation. In terms of environmental impact, the most 
important thing is to reduce the amount of waste that is 
disposed of in landfills, through a combination of 
different approaches. For example, instead of being 
disposed of, mixed municipal waste can be used as a 
source of secondary material or as a source of energy 
[14].  Reliable data about waste quantities and 
morphological composition are the basis for the 
successful planning of waste management programs 
[15]. The waste manager needs information about 
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quantities and waste composition generated within the 
municipality which may be included in the waste 
management system under the control of the 
municipality [16]. According to the World Bank report 
What a Waste: A Global Review of Solid Waste 
Management, from 2012, it was 2.9 billion residents 
who lived in urban areas and generated about 0.64 kg of 
solid municipal waste per person per day (0.68 trillion 
tons per year) [17]. These values are estimated to have 
increased today. About 3 billion people today generate 
1.2 kilograms per person per day (1.3 billion tons of 
waste per year). Forecasts for 2025 indicate that the 
population will increase to 4.3 billion that will generate 
about 1.42 kg per capita per day of municipal solid waste 
(2.2 billion tons per year) [18].  For this reason, the 
growth of solid waste is inextricably connected to the 
urbanization process and economic development of 
particular countries. Waste volume in the Republic of 
Serbia is hard to estimate. The main reason is the lack of 
information on waste qualitative and quantitative 
analysis, i.e., a database of quantities, characteristics, 
especially content, and classification of waste [19]. 
According to data from the National Waste Management 
Strategy 2010-2019 in the Republic of Serbia currently 
generates 2,448,566 tons of municipal waste, or 340.7 
kg/capita per year i.e., 0,8 to 1kg per capita per day [20]. 
Despite the high content of organic components, there 
are no facilities for the biological treatment of municipal 
waste. In the Republic of Serbia, the waste management 
infrastructure is underdeveloped. Currently, the most 
common way to manage waste is to dispose of it in 
landfills. Many municipalities/cities have their own 
landfill - dump. The capacity of existing landfills in most 
municipalities is already full, while most landfills do not 
meet the minimum technical standards. The most 
polluting materials emitted from landfills are nitrogen 
and sulfur oxides, dust and heavy metals, landfill gas 
that has about 50% methane and leachate resulting from 
precipitation and other sources, like groundwater 
breach, which are filtered through the mass of waste 
deposited and dissolve pollutants thereby polluting soil 
and groundwater. In order to reduce the negative impact 
of municipal waste on the environment, it is necessary 
to analyze waste management such as collection, 
transport and disposal, which is currently one of the 
major environmental problems [21]. 

CURRENT PRACTICE OF MUNICIPAL 
WASTE MANAGEMENT IN THE 
REPUBLIC OF SERBIA  

The basic prerequisite for the analysis and more 
complete insight into the state of municipal waste 
management is the data on the amount of waste 
generated per capita on an annual basis, as well as 
information on the methods of its treatment. Data on 
waste management in the Republic of Serbia are 
collected following the Law on Waste Management. 
Waste data are collected in accordance with [22]: 

 Regulation on the Methodology for Creating a 
National and Local Register of Pollution Sources, 
and Methodology for Types, Ways and Terms for 
Data Collection [23]. 

 Rule on the Form of the Document on Waste 
Movement and the Instruction for its Completion [24]. 

 Regulation on Forms for the Report on Packaging 
and Packaging Waste Management [25]. 

 Regulation on the form of the Document on the 
movement of hazardous waste, the template for the 
previous notification, the manner of its submission 
and the instructions its completion [26]. 

The number of reports submitted has been kept since 
2013 when the existing information system was 
established. Table 1 shows the number of submitted 
reports by year for the period 2013 - 2018. 

Table 1. Number of submitted annual reports in the 
period 2013 – 2018 in the Republic of Serbia [27] 

Year Waste 
generation 

Waste 
disposal 

Reuse Municipal 
waste 

2013 6602 24 253 106
2014 8014 29 274 96
2015 9266 28 291 96
2016 11204 33 311 99
2017 12924 33 306 104
2018 15421 32 331 101

 

The number of reports in 2018 increased by 56% 
compared to the number of reports submitted in 2013. 
The number of reports by waste producers is increasing, 
while the number of reports submitted by waste 
management operators remains constant. The categories 
of waste generated in the Republic of Serbia in 2018 are 
shown in Figure 1. 

     

 
Figure 1. Categories of waste in the Republic of Serbia 

in 2018 [28] 

The total amount of municipal waste in 2018 in the 
Republic of Serbia was 2.3 million tons or 20% of the 
total amount of waste in all waste categories. The annual 
amount of municipal waste in the Republic of Serbia is 
2.448.566 tons or approximately 0,90 kg per capita per 
day. The largest share in municipal waste is organic 
waste, with a share of 43%, followed by cardboard and 
paper ≈15%, plastics ≈15%, and fractions such as glass 
and textiles represent ≈5%. 
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Figure 2. Composition of municipal waste in the 

Republic of Serbia [29] 

Determining the morphological composition of waste is 
an important stage in waste management. The value of 
the representation of each type of waste contributes to 
the overall analysis of data on the success of waste 
management in an area.  

Table 2. Average values of municipal waste 
composition by type of waste [30] 

Type of waste Examples 
Composition 

(%) 

Garden waste 
Mowed grass, weeds, 

flowers, twigs, branches, 
leaves 

14,58 

Other 
biodegradable 
waste 

Food waste - all types 
(bread, meat, vegetables, 

fruits ...) 
31,1 

Paper 
Envelopes, old 

mail, posters, books, bus 
tickets, bills, letters

5,9 

Glass 
Bottles, glass jars, flat 

glass, light bulbs, mirrors
4.7 

Cardboard 
Boxes of 

food packaging, cardboard 
beer boxes, biscuit boxes

6,28 

Cardboard with 
wax 

Tetra Pak for yogurt, milk, 
juices 

0,85 

Cardboard with 
aluminum 

Tetra Pak for yogurt, milk, 
juices 

0,77 

Metal- packaging 
and others 

Food cans, tools 1,43 

Metal - 
aluminum cans 

Beverage cans 0,3 

Plastic packaging 
waste 

Plastic bottles for water, 
juices, beer … 

3,6 

Plastic bags 
Bags from stores, garbage 

bags  
6,42 

Solid plastic 

Rulers, pens, toilet lids, 
toothbrushes, plastic 

boxes, buckets, basins, 
sunglasses 

4,19 

Textile 

Natural fibers (cotton, 
wool, linen), and 

synthetic fibers (trousers, 
socks, cloth bags, linen)

5,3 

Leather 
Wallets, belts, leather 

shoes, bags 
0,67 

Diapers 
Diapers for babies, 

sanitary diapers 
4,17 

Fine elements 
Dust, ashes, 

sand, fragments of glass
9,54 

In the Republic of Serbia, municipal solid waste is sorted 
by categories. Table 2 shows a catalogue with types of 
municipal waste, accompanying examples, and average 
values of waste composition in ten local municipalities 
(Inđija, Sombor, Novi Kneževac, Šabac, Topola, 
Kragujevac, Bor, Niš, Novi Sad, Beograd) in the 
Republic of Serbia [30]. 
The data were obtained as a result of the project 
"Determining the composition of waste and estimating 
the amount in order to define a strategy for the 
management of secondary raw materials within the 
sustainable development management of RS". Research 
has shown that the largest percentage of municipal waste 
is biodegradable waste- food waste - all types (bread, 
meat, vegetables, fruits, etc.), domestic animal 
carcasses, etc. Of the total municipal waste generated in 
the territory of the Republic of Serbia, only 60% is 
collected in an organized manner, mainly in urban areas. 
Reducing municipal waste generation is a strategic goal 
of the Republic of Serbia. The monitoring of this 
objective was established by indicators of the 
Environmental Protection Agency based on annual data 
on the amount of waste reported by municipal 
companies in local self-governments in accordance with 
the Rule on Daily Records and Annual Reports of Waste 
Containing Instruction for its Completion [24].  

Table 3. Total amount of waste generated in the 
Republic of Serbia [22] 

Year Total amount of waste generated (mil t) 
 

2011 2,71 
2012 2,62 
2013 2,41 
2014 2,13 
2015 1,840 
2016 1,89 
2017 2,15 
2018 2,23 

 

Year Amount of waste collected and 
deposited by municipal PUCs (mil t) 

2011 2,09 
2012 1,83 
2013 1,92 
2014 1,67 
2015 1,36 
2016 1,49 
2017 1,80 
2018 1,95 

 

Year Average volume of waste collection (%)
2011 77 
2012 70 
2013 80 
2014 80 
2015 82 
2016 82 
2017 83,7 
2018 87,2 
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Year Average daily amount of municipal 
waste per capita (kg) 

2011 1,01 
2012 0,99 
2013 0,92 
2014 0,81 
2015 0,71 
2016 0,73 
2017 0,84 
2018 0,85 

 

Year Average annual quantity per capita (t) 
2011 0,37 
2012 0,36 
2013 0,34 
2014 0,30 
2015 0,26 
2016 0,27 
2017 0,30 
2018 0,31 

 
The indicators show the quantities of municipal waste 
produced.  
Table 3 presents indicators of the total amount of 
municipal waste generated in the Republic of Serbia. 
In the Republic of Serbia the value of quantities of 
generated and collected municipal waste continued to 
increase. This shows, first of all, the success of the 
system of collecting individual fractions of municipal 
waste in local communities, such as the waste paper and 
cardboard, packaging waste, as well as other types of 
waste that usually end up in containers, but also reflects 
the disposable personal income (DPI) of the population.  

SOLID MUNICIPAL WASTE 
MANAGEMENT PROCEDURES 

The municipal waste management system is based on the 
analysis, consideration and definition of solid waste 
treatment methods and procedures, starting with the 
possibility of reducing waste, selecting the optimal solid 
waste treatment routes from the place of their generation 
to the final disposal, with the overall aim to minimize the 
negative impact on the environment and the human 
health. In addition to a large number of available and 
developed waste treatment methods (mechanical, 
physico-chemical, biological and thermal), 
unfortunately, waste disposal at landfills remains the 
most common type of waste treatment in the Republic of 
Serbia [18]. Waste prevention includes measures to 
avoid waste generation by changing practices in 
production and consumption, reusing products and 
materials, and preventing waste disposal. Measures that 
affect the general conditions of waste generation include 
economic instruments that encourage efficient use of 
resources, promote research and development in the area 
of cleaner technologies. Unlike other options in the 
waste management hierarchy, waste reduction is not an 
option that can be selected in the absence of others. The 
reduction must be considered every time a decision is 

made to use resources. The reduction must be designed 
throughout the life cycle of the product, at the design 
stage, through the manufacturing, packaging, until the 
transport and placement of the product. According to the 
National Strategy, the objectives of waste prevention are 
stated through the following long-term and short-term 
planning activities [31]: 
 Reduction of municipal waste for disposal in 

conditions of the expected increase in population 
consumption, 

 Stabilization of industrial and hazardous waste in 
accordance with the expected increase in production, 

 Encouraging the establishment of licensing regimes 
relating to waste generation in large industrial 
companies.  

Based on data submitted by August 2019 by 331 
operators licensed for waste reuse, 2.03 million tonnes 
of waste have been reused in the Republic of Serbia in 
2018 [27]. Of the total amount of reused waste, the most 
represented are waste metals followed by waste from 
processed and unprocessed slag from the iron and steel 
industry, and finally paper and cardboard packaging. 
Table 4 gives an overview of the amount of reused 
waste, according to the technique used. The procedures 
of R1 - R10 are different types of treatment procedures, 
while the procedures of R11 - R13 represent ancillary 
activities related to the treatment procedures - waste 
preparation, storage [32].  

Table 4. The amount of reused waste in the Republic of 
Serbia in the period 2011-2018 [27] 

Year Treated with 
R1-R10 (t)

Treated with 
R11-R13 (t) 

Total 
treated (t)

2011 1.422.017 31.755 1.453.722
2012 940. 662 178.820 1.119.482
2013 1.493.388 294.275 1.787.664
2014 1.660.068 345.319 2.005.387
2015 1.279.231 360.255 1.639.486
2016 1.418.226 261.122 1.679.340
2017 1.479.522 260.609 1.740.131
2018 1.700.470 332.679 2.033.149

Also, 1,6 million tons of non-hazardous waste and 94 
thousand tons of hazardous waste are processed 
according to procedure R1 - R10, while 313 thousand 
tons of non-hazardous waste and 19 thousand tons of 
hazardous waste are processed according to procedure 
R1 - R10. The National Register of Pollution Sources, 
within the Environmental Protection Agency, through 
the online platform of the Geographic Information 
System (GIS), provides insight into the generation, 
collection, treatment, disposal, import and export of 
waste in the Republic of Serbia [33]. Municipal waste 
treatment in the Republic of Serbia is performed by 32 
companies and their spatial distribution is presented in 
Figure 3. The locations of companies are mainly 
concentrated in the surroundings of larger cities, while 
two-thirds of the total is located in the northern part of 
the Republic of Serbia.  
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Figure 3. Waste treatment companies [33] 

Table 5 gives an insight into the defacto data on the 
amount of municipal waste treated according to the 
procedures applied in 2018.  

Table 5. Amount of municipal waste treated depending 
on the procedure applied in 2018 [33] 

Procedure Number of 
companies 

Amount of treated 
municipal waste (t)

R1 2 85,348
R3 5 413,999
R4 7 29.521,098
R5 2 3.931,683
R7 1 1,54

R11 1 15,401
R12 11 19.514,123
R13 3 491,16
Total 32 53.974,412

Table 5 provides data showing that municipal waste is 
mainly treated by the reuse method and the waste 
recycling by the procedures R1, R3, R4, R5, R7, R11, 
with ancillary operations R12 and R13. Recycling is the 
waste treatment to obtain the raw material for the 
production of the same or another product. The 
difference between reuse and recycling is that reuse does 
not change the material structure, as in recycling. 
Procedure R1, which uses waste as fuel or other means 
of energy production, most often treats edible oils and 
fats as well as mixed municipal waste. R3 represents a 
process of recycling/reclamation of organic substances 
that are not used as solvents (including composting and 
other biological transformation processes) and the waste 

treated by this process is mainly biodegradable kitchen 
waste, oils, fats, etc. R4 is a process of 
recycling/reclamation of metals and metal compounds 
and it is most commonly used as a municipal waste 
treatment method and treats metals, electrical and 
electronic equipment containing hazardous substances. 
Textiles and clothing are treated by procedure R5, which 
is recycling/reclamation of other inorganic materials.  
R7 is a procedure for recovering components used for 
pollution abatement. R11 is the procedure for using 
wastes obtained from any of the operations numbered R1 
to R10. R12 and R13 are ancillary operations related to 
waste preparation and storage and they are most 
commonly used for wood, plastic, paper, cardboard and 
mixed municipal waste [32]. Waste disposal is currently 
one of the most widely used methods of waste 
management in the Republic of Serbia. The report on 
quantities of landfilled waste in 2018 was submitted by 
32 operators. Table 6 gives an overview of the amount 
of disposed of non-hazardous and hazardous waste in the 
Republic of Serbia in the period 2011 - 2018. 

Table 6. Amount of disposed non-hazardous and 
hazardous waste in the period 2011 – 2018 [27] 

Year Amount of disposed 
non-hazardous waste (t) 

Amount of disposed 
hazardous waste (t) 

2011 347.367,00 - 

2012 1.172.413,17 7.684,87 

2013 985.005,36 7.390,48 

2014 1.117.831,71 5.995,01 

2015 1.267.632,45 13.900,25 

2016 1.291.323,57 30.417,12 

2017 1.518.138,00 27.915,00 

2018 1.716.092,00 29.404,00 

Table 6 provides data showing that in 2018, 1.7 million 
tons of waste were disposed of, of which 1 716 092 
tonnes of non-hazardous waste, and 29.4 thousand 
tonnes of hazardous waste. A significant amount of 
landfilled non-hazardous waste is municipal waste, 
followed by the presence of thermal process slag wastes, 
solidified sludge from treatment plants, mixed 
construction and demolition wastes, soil and stone, as 
well as mixtures or individual fractions of concrete, 
bricks, tiles and ceramics. For the disposal of non-
hazardous waste, sanitary landfills are used, where waste 
is disposed from public places, households, production 
processes, and which does not have hazardous 
substances and cannot be processed or rationally used as 
industrial raw material or fuel. Since 2002, 11 sanitary 
landfills have been built in the Republic of Serbia. Two 
more are currently in the process of being built. Ten 
landfills have been used for municipal waste for years, 
while the eleventh one (in Subotica) is still under trial. 

Table 7 provides data showing the total amount of 
landfilled waste in sanitary landfills in the period 2010-
2018 in the Republic of Serbia. 
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When an analysis is made on the generation of municipal 
waste and data on the quantities of waste disposed of in 
sanitary landfills, it is estimated that municipal waste is 
likely to continue to be disposed of in municipal non-
sanitary landfills. 
 

Table 7. Total amount of disposed waste in sanitary 
landfills in the Republic of Serbia in the period 2011-
2018 [27] 

Year Total amount of landfilled waste in 
sanitary landfills (t) 

2011 90.384 
2012 165.558 
2013 302.187 
2014 333.227 
2015 385.228 
2016 463.497 
2017 437.878 
2018 439.642 

 

Table 8. Amount of disposed municipal waste in the 
Republic of Serbia in 2018 [33] 

Amount (t)

Total amount of municipal waste 
disposed of in the Republic of Serbia 

822.000 

Total amount of municipal waste 
disposed of in sanitary landfills in the 
Republic of Serbia 

380.000 

According to data from the National Register of 
Pollution Sources, the total amount of landfilled 
municipal waste is approximately 822.000 tons, of 
which about 380.000 tons are located in sanitary 
landfills, representing only 46%. Based on the 
comparative analysis of the data in Tables 6 and Table 
8, the total amount of municipal waste disposed 
represents 47% of the total disposed waste in 2018 in the 
Republic of Serbia. According to the data in Table 7 and 
Table 8, the total municipal waste disposed of in sanitary 
landfills represents 86% compared to the total amount of 
municipal waste disposed of on sanitary landfills in the 
Republic of Serbia in 2018. 

IMPROVEMENTS IN MUNICIPAL 
WASTE MANAGEMENT  
In order to comply with increasing international 
requirements for comparable regional data on quantities 
and morphological composition of waste, a study in the 
municipal waste management field was conducted for 
the first time in Serbia, in 2009 [30]. Based on socio-
economic conditions and geographical location, ten 
municipalities in Serbia were included in this study. The 
study analysed the morphological composition of 
municipal waste in summer, winter and spring, and thus 
contributed to a better insight into the types of waste that 
can be found in various municipalities as well as a better 
way of reporting on the situation in the field of waste 
management. The data obtained in this study on the 
composition of municipal waste are shown in Table 2. A 

study conducted in 2015 contributed to a comparative 
analysis of a system in which municipal waste is 
properly managed (Scenario 1) and in which municipal 
waste is not managed (Scenario 2) in the south Bačka 
waste management region. 

Table 9. Comparison of waste management systems for 
scenarios 1 and 2 in the Republic of Serbia in 2015 [11] 

Waste manag. process Scenario 1 Scenario 2
Total amount of waste 
at the entrance (t)

195.850 195.850 

Recycling (%) 0,05 22 
Disposal (%) 99,95 64 

To date, different studies have been conducted on 
different aspects. In 2018, the amount of municipal 
waste collected in the Republic of Serbia has increased 
significantly. Also, there is a noticeable better coverage 
of the territory with waste collection equipment. This 
shows, first of all, the success of the system of collecting 
individual fractions of municipal waste in local 
communities, but also successful collections by 
operators. The overall and specific national targets for 
the Republic of Serbia in 2018 are fulfilled for the reuse 
of 57.1% of waste and the recycling of waste 55.3% 
[31]. So far, 11 sanitary landfills have been built in the 
Republic of Serbia. Compared to the previous year, the 
amount of hazardous waste disposed of in regional 
sanitary landfills have been reduced. The Waste 
Management Strategy was adopted for the period 2010 
to 2019 at a time when certain EU directives were in 
force. But, over the past ten years, both EU directives 
and the system have changed, and as a result, a new 
Strategy has now been prepared for a five-year period. 
The major change that has been implemented over the 
past year is that the Ministry of the Environment is not 
only in charge of the preparation of a strategic and legal 
framework, but it begins to assist municipalities in the 
implementation of it. In addition to expert assistance, 
donators provided vehicles, bins, containers and two 
composting facilities.  

New Waste Management of the Republic of Serbia 
Strategy for 2019-2024 represents the transition from the 
concept of regional sanitary landfills to the model of 
regional waste management centres, which include:  

 separate collection of waste, 
 waste separation and recycling and  
 treatment of non-recyclable waste. 

The Ministry will change the territorial distribution of 
regional sanitary landfills, and reduce the number of 
them, as it became clear that there were many problems 
in coordination between the municipalities. More 
attention was paid to the construction of these landfills, 
instead of turning waste into a resource and raw material 
immediately. This means that there will be more 
regional waste management centres, than regional 
sanitary landfills where will take place recycling of all 
recyclable wastes and recuperation of energy from non-
recyclable wastes, while the rest will be used in the 
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construction industry. The goals of the waste 
management system over the last few years were [20]: 
 to reduce the amount of waste generated, 
 to reduce the amount of waste disposed at landfills 

by a primary selection of useful waste, 
 to reduce the share of biodegradable waste in 

landfilled municipal waste, 
 to reduce the negative impact of landfilled waste on 

the environment, climate and human health, and 
 to develop a system of waste management according 

to the principles of sustainable development.  

The principle of circular economy and waste prevention 
will be introduced, according to new EU directives. 
When it comes to percentages, the Republic of Serbia 
will follow EU trends so that, for example, 90% of 
biodegradable waste will not be landfilled and 60% of 
waste must be recycled. 

CONCLUSION 
According to the presented comparative analysis of the 
goals of the 2011-2019 Strategy and the previous 
research and data collected, it could be noticed that the 
waste management system has not yet fully met the 
goals set. The amount of treated waste is still not at an 
adequate level, while the waste that is suitable for 
recycling is not recycled in a sufficient amount. As waste 
disposal is still the most commonly used method of 
waste management, the waste must be disposed of in 
accordance with strict regulations and in an 
environmentally friendly manner. 
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Rezime: U ovom radu predstavljena je analiza trenutnog stanja u oblasti upravljanja komunalnim otpadom 
u Republici Srbiji. Analizirani su podaci o količini generisanog otpada, otpadu koji se ponovo koristi i odlaže, a 
koji je prikupila Agencija za zaštitu životne sredine Republike Srbije. Analizom je utvrđeno da se deo otpada još 
uvek ne odlaže na odgovarajući način na sanitarne deponije. Takođe, u radu su predstavljene metode upravljanja 
komunalnim otpadom koje se najčešće koriste u Republici Srbiji. Na osnovu analize podataka je zaključeno da je 
najčešće korišćena metoda upravljanja komunalnim otpadom deponovanje. Cilj rada je da predstavi poboljšanja u 
primeni metoda upravljanja komunalnim otpadom proisteklih primenom Strategije upravljanja otpadom za period 
2010 - 2019. godine kao i promene koje se očekuju primenom nove Strategije upravljanja otpadom u narednom 
periodu. 

Ključne reči: komunalni otpad, količine, sastav, metode tretmana, Republika Srbija 
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ANALYSIS OF CANCEROGENIC 
ELEMENTS DETERMINED IN PM10 NEAR 
THE COPPER SMELTER IN BOR, SERBIA 
 
Abstract: The concentrations of four cancerogenic elements (Pb, 
Cd, Ni,  and As) determined in PM10 at three locations in the urban 
areas near the copper smelter in Bor (Serbia) were analyzed in the 
period from January 2017 to May 2020. The aim of this research 
was to examine the correlations between the selected elements and to 
compare them with those obtained previously. The reason for this is 
the fact that the new copper smelter started operating in Bor in 
2016. The results presented here showed that the average content of 
As in PM10 was over the annual national limit at all sampling points 
for the total period of observation, as well the contents of Cd in PM10 
at the sampling point Jugopetrol. The content of Pb in PM10 was 
over the annual limit only at sampling point Jugoperol. The 
correlations between the As-Pb, As-Cd, and Cd-Pb, at all sampling 
points, mostly vary from very strong (r>0.8) and strong (0.8>r>0.6) 
to moderate (0.6>r>0.4). Also, compared to previously obtained 
results, these correlations are generally stronger. Such results 
indicate that As, Cd, and Pb determined in PM10 mostly originate 
from the same source, the copper smelter in Bor. Opposite to that, 
correlations of Ni with other selected elements are mostly very weak 
(r<0.2) to moderate. This shows that Ni mostly originated from 
natural sources.   

Keywords: air pollution, particulate matter, copper smelter, 
correlation, arsenic.

 
INTRODUCTION 

The Municipality of Bor is located in Europe on the 
Balkan Peninsula in the eastern part of the Republic of 
Serbia, as shown in Figure 1. With about 50,000 
inhabitants in urban and rural settlements, Bor has been 
the major canter of copper and other precious metals 
mining and processing for more than a century [1].  

The ore melted in the copper smelter in Bor is of the 
chalcopyrite-pyrite type with the increased contents of 
arsenic, found in the form of enargite (Cu3AsS4) and 
tennantite (Cu6[Cu4(Fe,Zn)2]As4S13) [1]. The oxidation, 
roasting, and melting of such mineral forms result in 
increased heavy metal oxides and SO2 gas which, in 
certain quantities, contaminate the environment [2].  

The toxicity of suspended particles (PM10) is related to 
their elemental composition, meaning that aerosols in 
smelter plumes enriched with metals and metalloids 
pose a serious risk to human health. That is the main 
reason why the impact of airborne particle emissions 
from the copper smelter in Bor has been the subject of 
many studies [1-5]. The Serbian Government has 
invested over 200 million euros in building the New 
Copper Smelter and Sulphuric Acid Plant in Bor that 
became operative in 2016. By modernization of the 
copper smelter, the emissions of SO2, PM10, and other 
pollutants in the waste gas streams were significantly 

reduced with the aim to bring the emissions under the 
prescribed limit values.  

One of the goals of this research was to investigate the 
influence of the new smelting technology, applied in 
the copper smelter in Bor on the cancerogenic elements 
(Pb, Cd, Ni, and As) determined in PM10 in urban areas 
in Bor. Also, the correlations between the selected 
elements were examined.  

According to International Agency for Research on 
Cancer (IARC) substances like inorganic arsenic, 
cadmium and cadmium compounds, as well as nickel 
compounds are classified as carcinogens to humans 
(group 1); lead compounds are classified as probably 
carcinogenic to humans, (group 2A); while lead and 
nickel metallic and alloys are defined as possibly 
carcinogenic to humans (group 2B) [7]. 

People living near emission sources of inorganic 
arsenic, such as smelters, have a slightly higher risk of 
lung cancer. Typical concentrations of arsenic range 
from 1-10 ng/m3 in rural areas up to 30 ng/m3 in 
uncontaminated urban areas [8]. A large part of the 
anthropogenic arsenic emissions is associated with 
copper production [5].  

Average Pb levels in the ambient air are usually below 
0.15 µg/m3 in rural areas. Pb concentration in ambient 
air typically ranges between 0.15 and 0.5 µg/m3 in most 
of the European cities [9]. Pb accumulates both in soft 
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tissues and bones, it damages the nervous system and 
causes brain disorders.  

Typical Cd levels in the airborne aerosol or settled dust 
are 0.1 - 0.4 ng/m³ in rural areas, 0.2 - 2.5 ng/m³ at the 
urban background and traffic-related sites, and up to 20 
ng/m³ at industrial sites. Cd and Ni compounds in 
particulate matter mainly originate from coal and fuel 
oil combustion processes, metallurgical industry and 
road transport [9].  

Typical Ni levels in the airborne aerosol or settled dust 
are 0.4 - 2 ng/m³ in rural areas, 1.4 - 13 ng/m³ at the 
urban background and traffic-related sites, and up to 50 
ng/m³ near industry. In case of inhalation exposure, Ni 
compounds are considered human carcinogens [9].   

One of the largest copper mines, as well as the copper 
smelter in Europe, is located in the Municipality of 
Bor. Mining production started in 1903 with the 
exploitation of the only underground mine, followed by 
the exploitation of three other open pits in the Bor area 
(Bor, V.Krivelj and Cerovo) [5]. Fugitive emissions 
from the open pits, ore waste heaps, flotation waste 
heaps, and copper smelter,  together with the emissions 
from point sources in the copper smelter are the main 
sources of PM10 in the Municipality of Bor (see Figure 
1). 

In this study, the levels of cancerogenic elements (As, 
Pb, Cd, and Ni) determined in PM10 in the urban-
industrial (Park and Institute) and suburban areas 
(Jugopetrol) in Bor town were analyzed. The aim of 
this research was to examine the correlations between 
the selected elements and to compare them with those 
obtained previously (before 2016). This is because the 
new copper smelter has commenced operations in Bor 
during 2016. 

METHODOLOGY 

Sampling locations and equipment  
The locations of sampling points in the urban-industrial 
(Park and Institute) and suburban areas (Jugopetrol) in 
the Bor town is presented in Figure 1. The sampling 
point Park (P) is located downwind of the easterly 
prevailing wind from the copper smelter. This location 
is within the Town Park in Bor, about 1 km on the 
West, relative to the copper smelter. The sampling 
point Institute (IN), is located downwind of the north-
northeasterly prevailing wind from the copper smelter. 
This location is close to the Mining and Metallurgy 
Institute Bor, about 2 km in the south-southwest 
direction relative to the copper smelter. The sampling 
point Jugopetrol (JP) is located downwind of the 
northwesterly prevailing wind from the copper smelter. 
This location is 2 km in the south-southeast direction 
relative to the copper smelter.  

In this paper we have analyzed data from the sampling 
campaigns conducted by the Mining and Metallurgy 
Institute Bor, Department for Chemical and Technical 
Control, in the period January 2017 to May 2020 [6].  

In total, 594 samples were collected, 198 samples per 
each sampling point. The SVEN/LECKEL LVS3 
sampler [10] with the airflow rate 55 m3/24h was used 
for PM10 sampling. Whatman QM-A 47 mm quartz 
filters were used as the collection medium. Samples 
were collected on a daily basis (24h). The 
concentrations of As, Pb, Cd, and Ni were determined 
with Inductively Coupled Plasma Mass Spectrometry - 
ICP MS (Agilent model 7700). The detection limits for 
As, Pb, Cd, and Ni determined by the ICP MS method 
were 0.1, 0.5, 0.02, and 0.7 ng/m3, respectively. Sample 
FINE DUST (PM10-LIKE) ERM-CZ 120 (Institute for 
Reference Materials and Measurements, Retieseweg 
111, B-2440 Geel, Belgium) was analyzed for quality 
control and verification of the applied procedures for 
microwave digestion and trace element analysis [3]. 
Recovery rates were in the range from 90 to 110% for 
all measured elements. 

 

 
Figure 1. Location of Mining & Smelter Complex Bor 
with sampling points marked (1. Park, 2. Institute, 3. 

Jugopetrol) [1] 

RESULTS AND DISCUSSION 

Concentrations of carcinogenic elements 
According to national legislation [13], to protect human 
health, the allowed annual concentration for PM10 is set 
to 40 µg/m3. The same regulation prescribes annual 
limits for Pb, Cd, Ni, and As contents in PM10 of 500, 
5, 20, and 6 ng/m3, respectively. According to data 
shown in Table 1, in the observed period (2017-2020), 
PM10 levels were usually below or slightly above the 
prescribed annual limit at sampling points Park and 
Institute.  

On the contrary, average annual PM10 levels at 
sampling point Jugopetrol were constantly above the 
limit value. This is predominantly because the sampling 
locations Park and Institute are less exposed to impact 
to PM10 emissions from the copper smelter than 
sampling site Jugopetrol [12]. Namely, as shown in the 
wind rose diagram in Figure 1, the sampling point 
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Jugopetrol is at the dominant wind direction relative to 
the copper smelter.  

According to data shown in Table 2, the Pb level in 
PM10 was above the limit at the sampling point 
Jugopetrol in 2017, 2019, and in 2020. Exceeding Pb 
levels beyond the annual limit occurred due to the 
processing of copper concentrates with higher Pd 
content especially in the period 2018-2020.  

Table 1. Average annual levels of PM10 at Park (P), Institute 
(IN) and Jugopetrol (JP) (LV - annual limit)  

Year 
PM10_P 
(µg/m3) 

PM10_IN 
(µg/m3) 

PM10_JP 
(µg/m3) 

2014 22.6 38.4 31.0 

2015 26.5 30.6 27.7 

2016 31.7 32.2 31.2 

2017 31.7 44.6 51.5 

2018 40.2 39.9 44.1 

2019 30.3 28.5 50.2 

2020 48.8 39.9 46.3 

LV 40 40 40 

 average values for 2020 represent period January - May 

Table 2. Average annual levels of Pb at Park (P), Institute 
(IN) and Jugopetrol (JP) (LV - annual limit) 

Year 
Pb_P 

(ng/m3) 
Pb_IN 
(ng/m3) 

Pb_JP 
(ng/m3) 

2014 502.0 289.0 344.0 

2015 207.0 67.0 253.0 

2016 129.0 84.0 541.0 

2017 101.0 200.0 678.0 

2018 110.0 199.1 360.0 

2019 176.0 53.0 845.0 

2020 162.5 322.5 1612.0 

LV 5 5 5 

 average values for 2020 represent period January - May 

Table 3. Average annual levels of Cd at Park (P), Institute 
(IN) and Jugopetrol (JP) (LV - annual limit) 

Year 
Cd_P 

(ng/m3) 
Cd_IN 
(ng/m3) 

Cd_JP 
(ng/m3) 

2014 4.2 5.7 9.1 

2015 4.3 2.0 10.0 

2016 3.7 2.8 12.3 

2017 3.1 4.4 18.0 

2018 4.8 6.0 19.5 

2019 10.6 2.7 44.9 

2020 3.9 7.1 45.3 

LV 500 500 500 

 average values for 2020 represent period January - May 

According to data shown in Table 3, the Cd level in 
PM10 was above the limit value in 2018 and 2020 at 
sampling point Institute and in 2019 at sampling point 
Park while at sampling point Jugopetrol it was above 
the limit value in the whole period of observation. 

Exceeding the Cd levels above the annual limit 
probably occurred due to the processing of copper 
concentrates with higher Cd content than in the period 
before 2016. On average, Cd levels determined in PM10 
at sampling point Jugopetrol in the period of new 
copper smelter operation (2016-2020) were roughly 3 
times higher than in the period of old copper smelter 
operation (2004-2015) [1]. 

Table 4. Average annual levels of Ni at Park (P), Institute 
(IN) and Jugopetrol (JP) (LV - annual limit) 

Year 
Ni_P 

(ng/m3) 
Ni_IN 
(ng/m3) 

Ni_JP 
(ng/m3) 

2014 3.4 3.4 3.2 

2015 4.2 4.0 3.2 

2016 6.7 4.9 3.2 

2017 8.0 12.5 8.4 

2018 11.2 5.4 7.6 

2019 14.8 4.5 9.3 

2020 3.8 4.3 6.5 

LV 20 20 20 

 average values for 2020 represent period January - May 

Table 5. Average annual levels of As at Park (P), Institute 
(IN) and Jugopetrol (JP) (LV - annual limit) 

Year 
As_P 

(ng/m3) 
As_IN 
(ng/m3) 

As_JP 
(ng/m3) 

2014 37.9 34.1 46.1 

2015 60.7 26.4 109.7 

2016 70.3 49.9 157.4 

2017 106.3 119.5 276.4 

2018 116.0 369.2 376.9 

2019 115.8 31.3 550.0 

2020 33.8 72.0 316.2 

LV 6 6 6 

 average values for 2020 represent period January - May 

According to data shown in Table 4, the content of Ni 
in PM10 was below the limit value during the whole 
period of observation at all sampling points.  

According to data shown in Table 5, the content of As 
in PM10 in Bor was above the limit value during the 
whole period of observation at all sampling points. The 
citizens of Bor town urban areas are exposed to 
constant air pollution with As content in PM10 particles, 
in concentrations even 90 times higher (at sampling 
point Jugopetrol in 2019) than the prescribed annual 
limit value.  

With the building of the new copper smelter, the 
content of As in the PM10 was not reduced, on the 
contrary, the situation deteriorated. This is due to the 
higher production of copper in the new copper smelter 
and the processing of the copper concentrate with the 
higher amount of As.  

Such high emissions of As particles from the copper 
smelter pose a serious threat to human health and 
should be properly treated. The content of As 



SAFETY ENGINEERING - INŽENJERSTVO ZAŠTITE 

100 | Safety Engineering  

determined in PM10 in Bor were several times higher 
compared with those determined near the other 
metallurgical facilities in Serbia [13] and EU as well 
[14].  

Correlations between the Pb, Cd, Ni, As, and 
PM10, in Bor town urban areas 
Pearson’s correlation coefficients (r) between average 
monthly values of Pb, Cd, Ni, As and PM10 at sampling 
points are shown in Tables 6-8.  

Table 6. Pearson's correlation coefficients between average 
monthly levels of Pb, Cd, Ni, As, and PM10 at Park (P), for 

the period 2017 - 2020 

Park Pb Cd Ni As PM10 

Pb 1.000     

Cd .130 1.000   

Ni -.106 .145 1.000  

As .533 .710 .085 1.000  

PM10 .043 .234 -.004 .289 1.000 

Values in bold: Correlation is significant at the 0.01 level (2-tailed) 

A strong positive correlation (0.8>r>0.6, p<0.01) 
between the As and Cd is observed at sampling point 
Park, as well as a moderate positive correlation 
(0.6>r>0.4, p<0.01) between As and Pb (Table 6). 
These correlations are stronger than those obtained for 
the 2004-2015 period [1]. On the other hand, the 
correlations between Cd and Pb, and PM10 and Pb are 
very weak (0.2>r) while in the previous period they 
were moderate [1]. Such correlation values indicate that 
Pb, Cd, and As at the sampling point Park originate 
from the same source. A very weak correlation of Ni 
and other elements confirms that Ni originates from a 
different source. Weak positive correlation (0.4>r>0.2, 
p<0.01) between PM10 and Cd and PM10 and As 
indicates that the PM10 levels at this sampling point are 
not under the constant influence of PM10 emissions 
from the copper smelter. The PM10 level at sampling 
point Park depends on other sources and factors as 
well, for example, meteorological factors (wind speed 
and direction). 

Table 7. Pearson's correlation coefficients between average 
monthly levels of Pb, Cd, Ni, As, and PM10 at Institute (IN) 

for 2017 – 2020 period 

Institute Pb Cd Ni As PM10 

Pb 1.000     

Cd .755 1.000    

Ni .479 .328 1.000   

As .493 .713 .060 1.000  

PM10 .085 .212 -.008 .388 1.000 

Values in bold: Correlation is significant at the 0.01 level (2-tailed). 
Values in underline: Correlation is significant at the 0.05 level  

Sampling point Institute is characterized by the strong 
positive correlation between Cd and Pb and between As 
and Cd (Table 7). Also, a moderate positive correlation 

between Ni and Pb, as well as a weak positive 
correlation between Ni and Cd, PM10 and Cd, and PM10 
and As was observed. These correlations are generally 
stronger than those obtained in [1]. Such correlation 
values indicate that Pb, Cd, and As at the sampling 
point Institute originate from the same source. Weak 
correlation between PM10 and Cd, and PM10 and As 
indicates that the pollution at this sampling point is not 
under the constant influence of PM10 emissions from 
the copper smelter. 

Table 8. Pearson's correlation coefficients between average 
monthly levels of Pb, Cd, Ni, As, and PM10 at Jugopetrol (JP) 

for the period 2017 – 2020 

Jugopetrol Pb Cd Ni As PM10 

Pb 1.000     

Cd .818 1.000    

Ni .377 .233 1.000   

As .852 .940 .269 1.000  

PM10 .221 .473 .202 .398 1.000 

Values in bold: Correlation is significant at the 0.01 level (2-tailed). 
Values in underline: Correlation is significant at the 0.05 level  

Sampling point Jugopetrol is characterized by a very 
strong positive correlation between Cd and Pb, As and 
Pb, and As and Cd (Table 8). Also, a moderate positive 
correlation between PM10 and Cd, and weak 
correlations between Ni and Pb, Ni and Cd, Ni and As, 
PM10 and Pb, and PM10 and As were observed. These 
correlations are stronger than those obtained in [1].  

Such correlation values indicate that Pb, Cd, and As at 
the sampling point Jugopetrol originate from the same 
source. The moderate and weak, but significant, 
correlation between PM10 and other elements indicates 
that sampling point Jugopetrol is under stronger 
influence of PM10 emissions from the copper smelter 
compared with other sampling points. This is mostly 
because the Jugopetrol sampling point is at the 
dominant wind direction (NNW) downwind from the 
copper smelter complex. 

Pearson’s correlation coefficients of selected elements 
between the measuring points Park, Institute and 
Jugopetrol are shown in Table 9.  

The upper part of Table 9 shows the correlations of 
observed elements between the sampling points Park 
and Institute. There is a strong (As_P and As_IN) and 
moderate positive correlation among the same elements 
at both sampling points, except Cd and Ni. Also, a 
strong correlation between Ni_IN and Cd_P and a 
moderate positive correlation between Cd_IN and 
Pb_P, Pb_IN and Cd_P, and As_IN and Pb_P, was 
detected. Such correlations indicate that Pb, and As at 
the sampling points Park and Institute originate from 
the same source. Also, the correlation between PM10 
levels indicates that both Park and Institute are under 
the same magnitude of influence of the meteorological 
conditions relative to PM10 pollution emissions from 
the copper smelter. 



A. Simonovski, B.  Radović, T. Apostolovski- Trujić, V. Tasić,  Vol 7, No1 (2017) 97-102 

101 | Safety Engineering 

A middle part of Table 9 shows very weak and mostly 
negative correlations of observed elements between the 
sampling points Park and Jugopetrol. The only 
exception is the weak positive correlation between 
PM10_JP and PM10_P. Such very weak and negative 
correlations indicate that these sampling points are in 
the opposite wind directions when it comes to the 
winds that blowing from the copper smelter.  

Table 9. Pearson's correlation coefficients between average 
monthly levels of Pb, Cd, Ni, As, and PM10 at Park, Institute, 

and Jugopetrol (JP) (2017 - 2020) 

Park 
Pb Cd Ni As PM10 

Institute 

Pb .468 .307 -.061 .266 
-

.037
Cd .312 .085 -.088 .078 .022 

Ni .182 .691 .070 .300 .040 

As .436 .203 -.072 .616 .350 

PM10 .096 -.036 -.101 .155 .559 

Park 
Pb Cd Ni As PM10 JP 

Pb -.124 .002 -.128 -.032 
-

.010
Cd -.198 .197 -.089 .198 .066 

Ni -.020 -.065 -.052 -.079 
-

.101

As -.167 .220 -.050 .219 .023 

PM10 -.106 .147 -.256 .179 .321 

Institute 
Pb Cd Ni As PM10 JP 

Pb -.075 -.015 .062 -.080 .169 

Cd -.098 .017 .085 -.061 .204 

Ni -.077 .220 .105 .159 .113 

As -.098 .071 .082 -.032 .147 

PM10 -.155 .214 .189 .113 .402 

Values in bold: Correlation is significant at the 0.01 level (2-tailed). 
Values in underline: Correlation is significant at the 0.05 level  

At the end of Table 9, we can see very weak 
correlations of observed elements between the 
sampling points Institute and Jugopetrol. The only 
exception is the moderate positive correlation between 
PM10_JP and PM10_IN. Such kind of correlations 
clearly indicate that these sampling points are in the 
opposite wind directions.   

 

CONCLUSION 
The concentrations of 4 cancerogenic elements (Pb, Cd, 
Ni, and As) determined in PM10 at 3 locations in the 
urban areas near the copper smelter in Bor were 
analyzed in the period from January 2017 to May 2020. 
The results presented in the paper show that the 
average content of As determined in PM10 was over the 
annual national limit at all sampling points in the whole 
period of observation, as well the contents of Cd in 
PM10 at the sampling point Jugopetrol. The content of 
Pb in PM10 was over the national annual limit only at 

sampling point Jugopetrol. The correlations between 
the As-Pb, As-Cd, and Cd-Pb, at all sampling points, 
mostly vary from very strong positive to moderate 
positive. Compared to previously obtained results, 
these correlations are generally stronger. Such results 
indicate that As, Cd, and Pb determined in PM10 mostly 
originate from the same source - the copper smelter. 
Opposite to that, correlations of Ni with other selected 
elements are mostly very weak to moderate. This 
indicates that Ni mostly originated from natural 
sources. 

With the building of a new copper smelter, the content 
of As, Cd, and Pb in the PM10 was not reduced, on the 
contrary, the situation is worse than before. This can be 
explained by the higher production of copper in the 
new copper smelter, and the processing of the copper 
concentrate with a higher amount of cancerogenic 
elements. 

The constant air pollution with the content of As, Cd 
and Pb particles in PM10 higher than the prescribed 
annual limits require actions in order to reduce 
anthropogenic emission of cancerogenic elements in 
suspended particles in Bor. 
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ANALIZA KANCEROGENIH ELEMENTA ODREĐENIH U PM10 U 

BLIZINI TOPIONICE BAKRA U BORU, SRBIJA 
 

Aleksandar D. Simonovski, Bojan A. Radović, Tatjana Lj. Apostolovski-Trujić, Viša M. Tasić  
 
Rezime: Koncentracije 4 kancerogena elemenata (Pb, Cd, Ni i As) koji su detektovani u PM10 na 3 lokacije u 
urbanim oblastima u blizini topionice bakra u Boru (Srbija) analizirane su u periodu od januara 2017. do maja 
2020. godine. Cilj ovog istraživanja bilo je da se ispitaju korelacije između posmatranih elemenata i da se one 
uporede sa korelacijama iz prethodnog perioda, pre 2016. godine. Ovo je urađeno iz razloga što je nova 
topionica bakra u Boru počela sa radom tokom 2016. Rezultati ovog istraživanja su pokazali da je prosečni 
sadržaj As utvrđen u PM10 bio iznad godišnje granične vrednosti na svim tačkama uzorkovanja, tokom celog 
perioda posmatranja, kao i sadržaj Cd u PM10 na mestu uzorkovanja Jugopetrol. Sadržaj Pb u PM10 bio je iznad 
godišnje granične vrednosti samo na mestu uzorkovanja Jugoperol. Korelacije As-Pb, As-Cd i Cd-Pb na svim 
tačkama uzorkovanja su pozitivne i uglavnom variraju od vrlo jakih (r>0.8) i jakih (0.8> r> 0.6) do umerenih 
(0.6> r> 0.4). Takođe, ove korelacije su u periodu rada nove topionice nešto snažnije nego u prethodnom 
periodu. Takvi rezultati pokazuju da As, Cd i Pb koji su detektovani u PM10 uglavnom potiču iz istog izvora, tj. iz 
topionice bakra u Boru. Nasuprot tome, korelacije Ni sa ostalim posmatranim elementima uglavnom su vrlo slabe 
(r <0.2) do umerene. To ukazuje da Ni uglavnom potiče iz prirodnih izvora.  

Ključne reči: zagađenje vazduha, suspendovane čestice, topionica bakra, korelacije, arsen. 
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OVERVIEW OF NITROGEN OXIDE 
REACTIONS DURING FOSSIL FUEL 
COMBUSTION IN THE ATMOSPHERE  
 
Abstract: This paper discusses the reactions of formation and 
decomposition of nitrogen oxides during fossil fuel combustion and in 
the atmosphere. Information about the chemical processes of pollutant 
formation and decomposition is the basis for the development of 
theoretical models of pollutant emissions. The information also 
provides a clearer picture about the primary factors influencing 
emissions. Nitrogen oxides are pollutants that damage human health, 
living and nonliving nature, and material property. 

Keywords: nitrogen oxides, chemical reaction, fossil fuels, 
combustion, atmosphere. 

INTRODUCTION 

It is well-known that global ecological awareness 
began to develop in the second half of the 20th century. 
The consequences of various events on the 
environment and human health became evident at that 
point [1]. Mass construction of power plants has led to 
the emission of pollutants in concentrations above the 
prescribed limit values. One of the biggest problems 
that humanity faces is global warming, which is a direct 
consequence of the greenhouse effect. In recent 
decades, there has been an increase in the emission of 
toxic gases, therefore, respiratory diseases, carcinogens 
and other diseases became more frequent. All this has 
led to the fact that in the modern world there is 
increased awareness of the need for renewable energy 
sources and the improvement of various technologies in 
order to make energy use as accessible, economical and 
environmentally friendly as possible. Energy efficiency 
policy is gaining in importance and more and more 
attention is being paid to it. The goal is to reduce 
energy consumption, while keeping the level of 
comfort and quality of life unchanged. This goal is not 
easy to achieve, but a significant resource in this regard 
are legal regulations on energy efficiency. In order to 
use energy rationally and efficiently in Serbia, a 
number of laws and bylaws that thoroughly regulate 
energy efficiency has been introduced. Legal regulation 
of this issue is important in order to clearly establish a 
system in which its subjects, their rights and 
obligations, as well as sanctions in case of non-
compliance, are clearly defined. 

Air is usually polluted by various systems through the 
emission of pollutants, which are generated by fossil 
fuel combustion. Pollutants are generated during the 
combustion of oil-based fuels, coal, and gas, both from 
the burners of power plants or industrial facilities and 
from transport. In areas with large industrial complexes 
and in denser urban areas, air pollution has reached the 
levels that pose a serious threat to large world cities.  

In addition to direct effects of pollution, there are also 
many indirect ones, such as formation of smog due to 
photochemical reactions and increased formation of 
fog, as well as absence of rain due to increase 
particulate presence. When heat is accumulated in large 
quantities, it can produce a “heat island”, which alters 
the local temperature gradients, thus causing the 
inversion of layers of air in cities. It is well known that 
relatively minor temperature changes in the air and 
water can be detrimental to certain living systems 
sensitive to temperature. 

Five principally different types of pollutants are 
generated inside combustion chambers: nitrogen 
oxides, carbon monoxide, organic components 
(unburned and incompletely burned hydrocarbons), 
sulfur oxides, and solid particles (including aerosols). 
The level of pollutant emission from a specific burner 
device depends on the interaction between physical and 
chemical processes within the device. Concentrations 
of different pollutants usually differ from the values 
calculated from chemical balance, which highlights the 
role of chemical kinetics in pollutant generating 
processes. 

For a number of pollutants, such as carbon monoxide, 
organic compounds, and particulate matter, the 
reactions of their formation and decomposition 
constitute the initial stage of their combustion. To 
understand the chemical aspects of their formation, one 
must be familiar with the mechanisms of combustion. 
For other pollutants, such as nitrogen or sulfur oxides, 
formation and decomposition reactions do not 
constitute any stage of combustion.  

However, the reactions that include those components 
proceed under conditions that create burning reactions, 
which is why the chemistry of their formation is 
directly associated with their combustion. Combustion 
produces nitrogen oxides, whereby nitrogen, which is 
contained both in the fuel and in the air that participate 
in the combustion, participates in the oxidizing 
reaction. 
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NITROGEN OXIDES 
The most important nitrogen oxide pollutants found in 
the atmosphere include nitrogen monoxide [NO], 
nitrogen dioxide [NO2], and nitrous oxide [N2O]. Other 
well-known nitrogen oxides, which occur in the 
atmosphere only in small concentrations, include 
nitrogen trioxide [N2O3], nitrogen tetroxide [N2O4], and 
nitrogen pentoxide [N2O5]. All of these oxides are 
gases at room temperature, with the exception of N2O5, 
which is a solid. 

Nitrous oxide, N2O, is a colorless and odorless gas with 
a slightly sweet taste; it boils at -88.5 °C, freezes at -
102.4 °C, and has a density of 1.53 g cm-3. It is soluble 
in water (at 0 °C, 1 cm3 of H2O dissolves 1.3052 cm3 of 
N2O, while at 25 °C, it dissolves 0.5962 cm3 of N2O). It 
is far more soluble in ethanol. It is non-reactive with 
water, bases, or acids. It is formed naturally in the soil, 
in the amount that far exceeds its anthropogenic 
emissions [1]. It is naturally emitted from seas and 
oceans. The total global emission of nitrous oxide is 
somewhere around 50 Tg year-1 [2], whereas global 
anthropogenic emission amounts to ca. 20 Tg year-1 [3].  

The primary anthropogenic emitters of N2O include 
coal- or other fuel-fired power plants, biomass 
combustion, use of nitrogen-based artificial fertilizers, 
waste disposal, manufacture of adipic acid, water 
pollution, etc. N2O concentrations in the atmosphere 
are around 310 ppbv, with a relatively slow increase of 
about 0.3% year-1 (0.8 ppbv year-1) [4]. In the 
prehistoric period, concentrations of N2O were 
approximately 285 ppbv [3]. The data suggest that the 
trend of atmospheric N2O increase between 1960 and 
1976 was 0.4±0.5 ppbv year-1, while in the 1976-1988 
period it was 0.8±0.02 ppbv year-1. Nitrous oxide can 
cause the thinning of stratospheric ozone as well as the 
greenhouse effect. It is stable in the atmosphere and can 
remain there from 100 to 150 years [2], [3]. 

Nitrogen monoxide (NO) is a colorless and odorless 
gas with the density of 1.0367 g cm-3; it condensates at 
-151.8 °C, freezes at -163.6 °C, and is poorly soluble in 
water (1cm3 of H2O at 0 °C dissolves 0.07 cm3 of NO). 
It does not react with water. It is formed during fossil 
fuel combustion at high temperatures.  

Nitrogen trioxide (N2O3) is the anhydride of nitrous 
acid (HNO2). It is stable only at low temperatures as a 
dark blue liquid; it crystalizes to blue crystals at -103 
°C and boils at 3.5 °C. At 25 °C there is only 10% of 
N2O3 left, while the remaining portion comprises NO 
and NO2. It forms nitrites with bases.  

Nitrogen dioxide (NO2) and nitrogen tetroxide (N2O4) 
are toxic gases in equilibrium mixture. NO2 is a toxic 
gas with a specific smell and reddish-brown color. 
Below 150 °C it loses color, as the two NO2 molecules 
associate to form the colorless N2O4 (2NO2 ⇄ N2O4). 
At 25 °C, the N2O4 molecules prevail; with further 
cooling, it condensates to a liquid (boiling point at 21.5 
°C), while at -11.20 °C, it forms solid colorless 
crystals. It begins to decompose above 150 °C and 
completely decomposes at 600 °C 

  

(2NO2 ⇄ 2NO + O2). It is in a gaseous state under 
normal atmospheric conditions. 

Nitrogen pentoxide (N2O5) is the anhydride of nitric 
acid (HNO3). It is a colorless crystal substance that 
melts at 30 °C and boils at 47 °C. It is a volatile 
compound that decomposes when slightly heated 
(2N2O5 = 4NO2 + O2). At regular temperature, it 
decomposes by an explosion. 

REACTIONS OF NITROGEN OXIDES 
DURING COMBUSTION 

The biggest amount of nitrogen oxides that occur in 
urban and industrial environments is generated from 
the combustion of solid, liquid, and gaseous fuels. 
Nitrogen monoxide is formed from nitrogen and 
oxygen during combustion.  

N2 + O2 ⇄ 2NO 

The balance of the reaction depends on flame 
temperature, pressure, oxygen and nitrogen 
concentration, retention time of gases in flame zones 
with different temperatures, and the cooling rate of 
generated gases. Formation of nitrogen monoxide is 
more intensive at higher flame temperatures, while its 
oxidation to nitrogen dioxide, as an exothermic 
reaction, is more intensive at lower temperatures.  

Therefore, it is crucial to control the conditions of fossil 
fuel combustion in order to control the generation of 
nitrogen oxides. Nitrogen oxides can be generated in 
certain industrial processes, such as manufacture of 
nitric acid and explosives, metal cleaning, and various 
organic syntheses.  

During specific fires, such as biomass burning in 
tropical or subtropical regions, nitrogen oxides are 
formed in the soil as the result of the microbiological 
processes of nitrification and denitrification, which 
depend upon soil temperature and humidity, ground 
vegetation, and the amount of nitrate fertilizers used. 
The total global emission of nitrogen oxides on this 
basis is 12 Tg (N) per year [5]. A small amount of 
oxides formed in the stratosphere reach the 
troposphere.  

For instance, nitrogen monoxide is formed due to high 
temperatures resulting from atmospheric electrical 
discharges. On this basis, the global emission amounts 
to approximately 8 Tg (N) per year [6]. 

There are two principally different sources of NO 
generation during the combustion of traditional fuels. 
These are the oxidation of atmospheric (molecular) 
nitrogen and the oxidation of fuel components that 
contain nitrogen (nitrogen-based fuels). In most burner 
devices, the initial process is the primary source of NO. 
However, nitrogen-based fuels are the primary source 
of NO in combustion chambers that utilize crude oil or 
coal and that often contain a significant amount of 
organic nitrogen compounds.  

It is well known that the combustion of lean and near-
stoichiometric air/fuel mixtures has the following 
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primary reactions that govern the formation of NO 
from molecular nitrogen: 

O + N2 ⇄ NO + N 

N + O2 ⇄ NO + O 

It is assumed that the reaction 

N + OH ⇄ NO + H 

can also contribute to the formation of NO, especially 
in near-stoichiometric and rich air/fuel mixtures. 

Combustion chambers usually release NO and NO2. 
These oxides react in the presence of hydrocarbons 
under the influence of sunlight and accompanied by the 
formation of smog. As a rule, concentration of NO2 is 
significantly lower than that of NO, yet in the exhausts 
from gas turbine engines, NO2 concentration reaches a 
considerably high level. According to its manner of 
generation, there are three types of NO: thermal, fuel, 
and primary nitrogen monoxide.  

At high flame temperatures, N2 reacts with oxygen, 
forming the thermal nitrogen monoxide. If a fuel 
contains compounds containing nitrogen, the nitrogen 
is released at lower temperatures, forming the fuel 
nitrogen monoxide. Primary nitrogen monoxide is not 
formed from atmospheric N2 and O2.  

In most combustion chambers, thermal NO is the 
dominant component among nitrogen oxides. Crude oil 
and coal often contain a significant amount of organic 
nitrogen compounds, so the nitrogen contained in the 
fuel can be an important source of fuel NO.  

During fluidized bed combustion of coal at 
relatively low temperatures (ca. 1,275 K), the fuel NO 
constitute the basic portion of NO. Primary NO is 
formed in a turbulent diffusion gas flame, where 
maximum temperature can go below 1,575 K. Primary 
NO is formed due to reactions between radicals, 
generated from the fuel, and N2; the resulting materials 
react with oxygen-containing compounds and thus form 
NO. 

REACTIONS OF NITROGEN OXIDES 
IN THE ATMOSPHERE 

Content and distribution of nitrogen oxides in the 
atmosphere depends on the sources of the same 
processes of transfer and removal from the atmosphere. 
This means that the content of such pollutants varies 
temporally and geographically, with an added influence 
of weather conditions. The concentration of 
atmospheric nitrogen oxides in urban and industrial 
areas is higher than in non-urban environments. It can 
change over a day as well as over a year, which is 
mainly due to emissions and weather conditions.  

The concentration is also higher during the fall, winter, 
and early spring due to higher energy consumption. 
Concentrations in non-urban areas are considerably 
lower, approximately 1  parts per billion by volume 
(ppbv). This was confirmed by the measurements 
conducted in the pure troposphere, the results of which 
are shown in Table 1 [7]. 

Table 1. NOx content in the pure troposphere 

Latitude 
Altitude 

(km) 
NO 

(ppbv) 
NOx 

(ppbv) 
Measurement 

period 
20°S-50°N 0-10 ≤0.1 0.2-0.6 December 1982
51-87°N 0.2-12 ≤0.01 <0.6 March 1982

30-35°N 3-8 
0.015-
0.035 0.2 February 1983 

40-8°N - - 1.0 January-February 
1984

3°S-360°N 5 0.014-0.2 - July-August 1985

15-42°N - 0.001 - 
October-

November 1983
37-38°N 8-15 0.04-0.25 - June 1987 

 

There are two main sources of nitrogen oxides (NO, 
NO2) in the air: natural sources, whose global emission 
is estimated at approx. 450 x 106 t/year, and 
anthropogenic sources, whose global emission is 
estimated at 45 x 106 t/year. Even though 
anthropogenic emission constitutes only 1/10 of the 
total emission, it significantly impacts air quality, 
especially in urban and industrial areas, where nitrogen 
oxides mostly occur. Consequently, concentrations of 
nitrogen oxides are 10 to 100 times higher in urban and 
industrial than in non-urban areas.  

Influenced by solar radiation, atmospheric NO is 
converted into NO2 through a series of reactions. The 
process unfolds via the so-called photolytic cycle of 
NO2 [8], resulting in rapid NO and NO2 

transformations. If there are no particular influences in 
the air, the cycle leads to a NO/NO2 state of balance. 
However, sources of nitrogen oxides are also most 
often volatile organic compounds that participate in the 
photolytic cycle and thus increase NO2 generation.  

Nitrogen monoxide, which is anthropogenically formed 
mostly from fossil fuel combustion, is converted into 
NO2 via different chemical processes, producing nitric 
acid. Nitrogen monoxide can also form in the upper 
layers of the atmosphere, where cosmic radiation 
causes the nitrogen molecules to split, producing 
metastable nitrogen atoms, which in turn react with 
oxygen, ozone, or a hydroxyl group, yielding NO [9] 
[19].  

N + O3 → NO + O2 

N + OH˙ → NO + H˙ 

N + O2 → NO + O˙ 
O3 + NO → NO2 + O2 

NO2 → NO + O˙ 
N + NO2 → 2NO 

O˙ + NO2 → NO + O2 

In the troposphere and lower stratosphere, the 
following processes can be expected:  

O˙ + N2O → 2NO 

N2O → NO + N˙ 
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By reacting with atomic oxygen or ozone, atmospheric 
NO is converted into NO2 via the following reactions:  

NO + O˙ + M → NO2 + M, 

NO + O3 → NO2 + O2 

Nitrogen monoxide oxidizes by means of the 
hydroperoxide group, alkyl peroxides (AO2), methyl 
peroxides (CH3C(O)O2), hydroxyalkyl peroxides (R-
OH-O2), and peroxy acetyl radical (CH3C(O)O2). Some 
inorganic reactions oxidize NO to NO2. 

The resulting NO2 in the atmosphere is converted into 
nitrous and nitric acid, nitrites, and nitrates. 

Nitrous acid (HONO) in the atmosphere is generated 
via the following reactions [10]: 

HO˙ + NO → HONO 

HOO + NO2 → HO2NO2 

HOO˙ + NO2 → HONO + O2 

RO˙ + NO2 → R'CHO˙ + HONO 

NO + NO2 + H2O → 2HONO 

NO + HONO2 → NO2 + HONO 

During daytime, nitrous acid is generated to the 
greatest extent through a reaction between a hydroxyl 
group and NO:  

OH˙ + NO 
M  HONO 

Under normal conditions, there is a concentration 
balance between the hydroxyl group and the nitrous 
acid in the atmosphere. However, if the nitrous acid 
was formed by a non-photolytic reaction, it will 
become the source of the hydroxyl group, especially in 
the period around sunrise [11].  

Another source of nitrous acid is the reaction of NO2 

with water vapor in the atmosphere:  

2NO2 + H2O → HONO + HNO3 

It has been established that nitrous acid concentrations 
increase during the night, so it can be assumed with a 
high degree of probability that the acid is formed via 
heterogeneous hydrolytic reactions of NO2 in the dark, 
which has been experimentally confirmed [11].  

Atmospheric NO2 is converted into nitric acid and 
nitrates via solar radiation and the present particulates 
and compounds. The generation of nitric acid in the 
stratosphere is likely the result of the following 
reactions:  

CH3O2˙ + NO2 → H2CO + HNO3 

OH˙ + NO2 + M → HNO3 + M 

Studies [12] have shown that this process is important 
during the night, since NO3 rapidly photolyzes under 
the influence of sunlight and reacts with NO. The rates 
of these reactions depend on temperature. 

The generation rate of nitrates in the troposphere is low 
in the reactions between O. and NO2, HO. and HONO2, 
and in the photolysis of HONO2. 

During the day, the photolysis of NO3 occurs [10] [13]. 

NO3˙ + hγ → NO2 + O˙ 

NO3˙+ hγ → NO + O2  

Nitrate ion, in addition to its photolysis, reacts with 
NO2: 

NO3˙ + NO2 + M → N2O5 + M 

N2O5 + M → NO3˙ + NO2 + M 

The following reaction can also be expected: 

NO3˙ + NO2 → NO2 + NO + O2 

The reaction between NO and nitrate ion can be the 
dominant reaction of nitrate removal from the 
atmosphere that contains NO: 

NO3˙ + NO → 2NO2  

This is simultaneously the mechanism for removing 
NO from the atmosphere with dry air and during the 
night. The second removal mechanism is N2O5 

hydrolysis on wet aerosols and water droplets in humid 
air in the dark. 

Therefore, nitrate reactions are important during warm 
and dry nights. During cold winter nights, the 
concentration balance of NO3 is much lower, so the 
hydrolysis of N2O5 is a significant mechanism of 
nitrogen oxide removal, especially if the relative 
humidity is greater than during the summer. Reactions 
between NO2 and NO3, with a low NO content and a 
high content of these molecules, proceed in the 
atmosphere on a wider scope. 

Aldehydes and alkenes react with the nitro group in the 
atmosphere as follows:  

NO3˙ + CH2O → HNO2 + HCO˙ 

NO3˙ + CH3CHO → HNO2 + CH3CO˙ 

NO3˙ + C3H6 → CH3CHCH2ONO2 

NO3˙ + C3H6 → CH3CH(ONO2)CH2 

Organic nitrate compounds are formed at high 
hydrocarbons/NOx ratios, whereby up to 24% of 
nitrogen compounds can be converted into organic 
nitrate compounds [14]. 

A reaction between NO2 and the nitrate group in the 
atmosphere yields N2O5. The reaction proceeds during 
the night, when the N2O5 concentration can be 
considerably high. On the other hand, when exposed to 
heat, N2O5 decomposes as follows:  

N2O5 + M → NO2 + NO3˙ + M 

and it also reacts with water, yielding nitric acid:  

N2O5 + H2O → 2HNO3 

Nitrogen pentoxide can play a significant part in 
atmospheric chemical processes considering that it is 
formed in colder areas but it decomposes and reacts in 
warmer areas, i.e. with solar radiation present. 

Experimental studies [15] have shown that solar 
radiation influences the photolysis of N2O5, which 
generates several compounds:  

N2O5 + hγ (λ = 254 nm) → NO2 + NO3˙ 

                                                → O˙ + NO2 + NO2 

                                                → NO + NO2 + O2 



S. Cvetanović, Vol 10, No2 (2020) 103-108 

107 | Safety Engineering 

The photolysis predominantly produces NO2 and nitrate 
ion. The chlorine present in smoke gases reacts with 
hydroxyl radicals yielding atomic chlorine. The 
chlorine molecule in the atmosphere is also split into 
atoms before reacting. Chlorine is important for the 
activation of inactive components and their subsequent 
reactions in the atmosphere. Some of the more relevant 
reactions between chlorine and nitrogen oxides to be 
found in the atmosphere include the following [16]: 

Cl2 + hγ → Cl˙ + Cl˙ 

Cl + Cl˙ + M → Cl2 + M 

Cl˙ + O2 + M → ClOO˙ + M 

ClOO˙ + M → Cl˙ + O2 + M 

ClOO˙ + NO → ClO˙ + NO2 

ClOO˙ + NO → ClNO + O2 

Cl˙ + NO + M → ClNO˙ + M 

ClNO˙ + hγ → Cl˙ + NO 

Cl˙ + ClNO → NO + Cl2 

Cl˙ + NO2 + M → ClNO2 + M 

ClNO2 + hγ → Cl˙ + NO2 

Cl˙ + ClNO2 → Cl2 + NO2 

Cl˙ + O3 → ClO˙ + O2 

ClO˙ + NO → Cl˙ + NO2 

Cl2   
particles products 

Chlorine atoms attack less reactive compounds, such as 
methane and NO, which allows the monoxide to 
oxidize: 

Cl˙ + RH → HCl + R˙ 

R˙ + O2 → RO2˙ 

RO2˙ + NO → RO˙ + NO2 

RO˙ + NO → RONO 

RO˙ + NO2 → RONO2˙ 

A reaction between sodium chloride and nitrogen 
oxides, releasing active chlorine, occurs in the 
tropospheric layers above seas and oceans, which 
contain sodium chloride particles [17]: 

NO3˙ + NO2 ⇄ N2O5 

N2O5 + NaCl → ClNO2 + NaNO3 

ClNO2 + hγ → Cl˙ + NO2 

The ammonia found in the atmosphere is generated 
from nitrogen compounds, from the decomposition of 
nitrogen-based fertilizers in the soil, or from 
anthropogenic emissions from specific industrial 
processes.  

When it reaches the atmosphere, ammonia is converted 
into NO via the following reactions [18]: 

NH3 + OH˙ → NH2˙ + H2O 

NH2˙ + HOO˙ → NH3 + O2 

NH2˙ + NO → N2 + H2O 

NH2˙ + NO2 → N2O + H2O 

NH2˙ + O3 → NH2O˙ + O2 → HNO˙ + NOx 

CONCLUSION 

The studies conducted so far, both theoretical and 
experimental, have shown that the reconstruction of 
combustion chambers and meticulous control of 
pollutant generation in their flaming chemical reactions 
can significantly reduce pollutant emissions from 
furnaces, combustion chambers, gas turbulent flow 
engines, and internal combustion engines.  

At temperatures that in most cases lead to combustion, 
the presence of fuel and oxidizer inevitably produces 
pollutants. High concentrations of such pollutants can 
be lowered via subsequent chemical reactions at lower 
temperatures, but stopping the reaction will result in a 
high emission level. Therefore, the generation, 
decomposition, and change in the concentration of 
pollutants are in opposition, because the maximum 
combustion efficiency is reached with a stoichiometric 
or near-stoichiometric composition of the mixture, 
which results in the highest attained temperatures. The 
high temperatures in turn lead to the generation of large 
amounts of pollutants, which is why the process can be 
optimized through the regulation of mixture quality and 
temperature in the entire system. 
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PREGLED REAKCIJA AZOTNIH OKSIDA PRI SAGOREVANJU 
FOSILNIH GORIVA U ATMOSFERI 

 

Sveta Cvetanović  
 
Rezime: U radu je dat pregled reakcija formiranja i razlaganja azotnih oksida pri sagorevanju fosilnih goriva i u 
atmosferi. Informacije o hemijskim procesima stvaranja i razlaganja zagađujućih materija su osnova za razvoj 
teorijskih modela njihove emisije, a takođe omogućavaju da se stvori kvalitetna predstava o osnovnim faktorima 
koji utiču na emisiju. Azotni oksidi su zagađujuće materije koje oštećuju zdravlje čoveka, živu i neživu prirodu i 
materijalna dobra. 

Ključne reči: azotni oksidi, fosilna goriva, sagorevanje, atmosfera. 
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ELEKTROMAGNENTNA ZRAČENJA 
U ŽIVOTNOJ SREDINI 
 
Dejan Krstić 
 

 

Pred čitaocima je knjiga koja će unaprediti znanja u 
našoj stručnoj javnosti o elektromagnetnim zračenjima, 
sve većem broju izvora i sve većem broju dokaza o 
štetnim efektima svakodnevnog izlaganja ovoj fizičkoj 
štetnosti. Knjiga je koncipirana kao univerzitetski 
udžbenik ali je mogu čitati i razumeti lica sa osnovnim 
tehničkim znanjima kao i čitaoci medicinskog profesi-
onalnog usmerenja radi proširivanja znanja o interakciji 
elektromagnetnih zračenja i ljudskog tela.  
 
Struktura rukopisa odgovara strukturi predmeta Zaštita 
od elektromagnetnih zračenja, na akademskim master 
studijama Fakulteta zaštite na radu u Nišu. Sve 
tematske celine su metodički jasno izložene. Struktura 
rukopisa koncipirana je kroz 18 poglavlja od kojih su 
dva uvodno metodološka za čitaoca (studenta) sa 
nepotpunim znanjima iz oblasti elektromagnetike i 16 
poglavlja čija je tematika zaštita iz oblasti 
nejonizujućih i jonizujućih zračenja u skladu sa 
programom predmeta i potrebnim obimom i 
savremenim naučnim saznanjima potrebnim za 
akademske studija drugog nivoa. Rukopis sadrži Indeks 
pojmova, i tri priloga koji omogućavaju zaintere-
sovanom čitaocu proširenje nekih znanja o pojmovima 

koji su izneti u glavnom delu knjige. Obrađene 
tematske celine su prikazane jasno i precizno, na način 
koji omogućava logičko zaključivanje i usvajanje 
znanja.  
Izložena problematika iz oblasti elektromagnetike, 
nejonizujućih i jonizujućih zračenja je interpretirana 
kroz tekstualne celine sa potrebnim jednačinama koje 
su obogaćene slikama, tabelama i grafikonima u 
potrebnom obimu čime se dobija na izražajnosti, 
lakšem razumevanju i zapamćivanju izloženog. Obim 
rukopisa je 340 strana B5 formata uz Indeks pojmova i 
priloge.  Rukopis se može okarakterisati kao savremen, 
tehnički korektan i precizan. 
 
Tekst rukopisa je napisan ja razumljiv način, postupno 
uvodeći studenta u složene procese generisanja, prosti-
ranja i apsorpcije elektromagnetnih talasa u različitim 
sredinama, a posebno u biološkim sredinama dajući mu 
savremena znanja o mogućnostima procene 
ugrožavanja životne sredine i zdravlja čoveka. Posebno 
je značajno što je potrebna pažnja data organizacionim 
i tehničkim metodama zaštite od svih vrsta zračenja. 
 
Literature na srpskom jeziku iz ove oblasti nema 
dovoljno, a ovaj rukopis pruža čitaocu nove 
informacije, promišljanja i zaključke i svrstava je u 
grupu neophodne literature za inženjere čiji je cilj 
upoznavanje elektromagnetnih zračenja i zaštita od 
štetnih efekata svih vrsta zračenja, a posebno tehnički 
generisanih elektromagnetnih polja. 
 
Kvalitetno i razumljivo izložena poglavlja nose sledeće 
naslove: 
- Elektromagnetna zračenja - pojmovna razgraničenja 
- Teorija elektromagnetnih polja 
- Materijalne sredine i elektromagnetna polja 
- Generisanje elektromagnetnih    talasa 
- Izvori elektromagnetnih talasa 
- Energija i prenos    elektromagnetne energije 
- Metode merenja elektromagnetnih polja i zračenja 
- Dozimetrija nejonizujućeg zračenja 
- Standardizacija i normiranje elektromagnetnih zra-
čenja 

- Metodi za proračun elektromagnetnih polja 
- Modeliranje EM karakteristika sredine 
- Modeliranje EM karakteristika izvora i bioloških 

objekata 
- Mehanizmi delovanja elektromagnetnih polja na bio-

loško tkiva 
- Elektromagnetna kompatibilnost 
- Zaštita od elektromagnetnih zračenja 
- Infracrveno - toplotno zračenje  ultraljubičasto zra-
čenje 

- Jonizujuće zračenje 
- Literatura 
- Od Maksvelovih jednačina do elektromagnetnih 

talasa 
- Istorija formulisanja Maksvelovih jednačina 
- Mihajlo Pupin – nauka i mašta 



   Book review         
Prikaz knjiga 

 

 
 

110 | Safety Engineering 

Problemi proračuna prostiranja elektromagnetnih talasa 
od izvora do objekta, apsorpcije energije u materiji, 
fizičkih mehanizma dejstva na materiju i efekata na 
biološka tkiva su izloženi naučno zasnovanim 
pristupom koji obuhvata teorijske i praktične aspekte 
ovog složenog i za proučavanje zahtevnog energetskog 
procesa. Opisana je teorija proučavanja elektroma-
gnetnih talasa i polja, teorija numeričkih metoda prora-
čuna komponenata polja i dozimetrijskih veličina kao i 
metodologija istraživanja bioloških efekata elektro-
magnetnih zračenja. 
 
Elektromagnetna zračenja kao fenomen se analiziraju 
kao energetske pojave koje nose energiju, a na čoveku 
je da tu procese iskoristi za svoj napredak, nalazeći im 
korisnu svrhu ali uvek pazeći da tehnologija može imati 
i negativne efekte po životnu sredinu i zdravlje ljudi.   
 
Za studente kao buduće inženjere je objašnjen postupak 
detekcije zračenja, njihovog merenja kroz različite 
postupke, merne metodologije koje su u skladu sa 
standardima kojima se definišu postupci, ispravno 
korišćenje opreme i normiranje izmerenih veličina. 
 
Procesi prostiranja, pojave na razdvojnoj površini dve 
sredine, prostiranja u drugoj sredini i apsorpcije su 
teorijski sagledane i analizirani su metodi ekraniranja 
kao moguće zaštite tj. smanjivanja prodrlih i apsorbo-
vanih polja u objekte. 
 
Dozimetrija elektromagnetnog zračenja je posebno 
obrađena, kao naučna disciplina a prikazani su savre-
meni postupci merenja SAR: kreiranjenjem fizičkih 
fantoma, rukovanjem ekspoziciono-merne aparature i 
formiranja numeričko simulacionih postupka gde se uz 
pomoć softverskih paketa mogu izračunati komponente 
elektromagnetnih polja u telu čoveka. Edukacija 
budućih inženjera na ovaj način dovodi do formiranja 
stručnog kadra koji treba pratiti radne procese i zaštiti 
životnu sredinu u urbanim zonama gde su i najveći 
intenziteti elektromagnetnog smoga koji savremeni 
čovek generiše.  
 
Elektromagnetna kompatibilnost je poglavlje koje 
obrađuje smetnje koje generiše električna oprema u 
radu, puteve prenosa i ometanje rada drugih uređaja. 

Elektromagnetska kompatibilnost se sastoji od tri 
oblasti istraživanja: emisije, osetljivosti i imuniteta. 
Obrađeni su izvori smetnji, prenosni put, prijemnik i 
postupci merenja smetnji. Dati su zakonski zahtevi 
ispitivanja EMC i specificiranja CE znaka. 
 
Iskazani su osnovni zakoni kvantno korpuskularnih 
zračenja tj. infracrvenog  zračenja, postupci merenja i 
normiranja toplotnog zračenja. Posebno je obrađena 
metoda infracrvene termografije, termografskog 
snimanja i njene upotrebe u zaštiti na radu. Takođe se u 
okviru posebnog poglavlja čitalac uvodi i u problema-
tiku UV zračenja, prirodnih i veštačkih izvora i uticaja 
na čoveka u radnom i životnom okruženju. 
 
Jonizujuće zračenja kao posebna oblasti i u fenomeno-
loškom smislu i sa stanovišta prirodne i veštačke radio-
aktivnosti je obrađena. Od izvora, preko mernih 
instrumenta, zakonskih uslova upotrebe jonizujućih 
zračenja, merenja i normiranja radioaktivnih zračenja.  
 
Praktičan doprinos se ogleda kroz prikaz tehničkih, 
administrativnih, obrazovnih, organizacionih i medicin-
skim mera zaštite za svaku oblast elektromagnetnih 
talasa i zračenja. Opisani su izvori svih vrsta zračenja u 
radnoj i životnoj sredini. Posebno su prikazani teleko-
munikacioni sistemi, oprema i uređaji široke potrošnje 
koji su u normalnom načinu rada izvori elektromagnet-
nih talasa.  
 
Ova publikacija obiluje značajnim informacijama koje 
su sistematično izložene i koje će koristiti tehničarima, 
inženjerima i istraživačima u razjašnjenju fenomena 
prenosa energije elektromagnetnih talasa i uticaja 
elektromagnetnih zračenja na žive organizme.  
 
Studenti Fakulteta zaštite na radu dobiju knjigu potre-
bnu za savladavanje programa predmeta, studenti 
tehničkih fakulteta tehnička znanja iz više tehničkih 
oblasti, studenti na medicinskim fakultetima mogu 
upotpuniti znanja iz fizičkih štetnosti koje se obrađuju 
u okviru medicine rada, a svi mi zajedno  savremeni 
udžbenik o elektromagnetnim poljima i efektima 
tehnički generisanih elektromagnetnih zračenja. 
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HUMAN RELIABILITY ASSESSMENT 

(Procena ljudske pouzdanosti) 

Evica I. Z. Stojiljković 

In recent years, human errors have been intensively 
investigated as an important element of the quality and 
safety of technical systems functioning. These days, we 
are facing the development of new disciplines such as – 
Human Reliability Assessment/Analysis (HRA), Human 
Factors Engineering (HFE), and Human Error Analysis 
(HEA) – and each and every one of them provides basic 
methodologies for the study of human error.  
In high-risk sectors, such as nuclear, aviation and 
petrochemical industries, up to individual SMEs, there 
was the need to analyze the methods for human error 
assessment, along with the risk assessment methods 
pertaining to entire systems. An analysis of the complex 
systems in diverse industrial and service industries has 
revealed that human error is the most frequent cause of all 
accidents in the workplace and environment (over 90% of 
accidents in the nuclear industry, over 80% in the 
chemical and petrochemical industries, over 75% in the 
maritime industry, over 70% in aviation accidents, 70 - 
90% in road transport, over 70% in anesthesiology, over 
65% in maintenance in various industries, etc.). For this 
reason, the role of humans in accident dynamics should be 
undoubtedly taken into account during the risk assessment 
process in order to ensure the prevention of hazardous 
events. Research into the causes and consequences of 
human errors in various industries, their quantification, as 
well as exploring the possibilities to mitigate or avoid 

them with the aim to ensure safe work, has a particular 
social and scientific justification and relevance.  
A complete and universally accepted taxonomy of 
different types of human errors and their causes does not 
exist, because human error analysis is an interdisciplinary 
field of research not yet well defined. Human Errors (HE) 
are unintentional actions or activities that result in 
deviations from expected standards or norms, which place 
people, equipment, and the system at risk. However, it is 
very difficult to formulate a comprehensive definition of 
human errors, since they are often the result of a 
complicated series of events. According to the traditional 
approach, human error is the cause of failure in system 
functions and the cause of an accident, whereas the 
contemporary approach assumes that human error reflects 
the deeper trouble inside the system and is the result of 
complex relationships between people, tools, tasks and 
workplace environment. Therefore, the majority of 
researchers who investigate the HRA issues agree that the 
errors made by human beings are a specific outcome of 
their actions or character traits. The nature of the 
operator's activities depends on many factors, referred to 
as "Performance Shaping Factors" (PSFs). Performance 
Shaping Factors influence human behaviour and decision-
making process. Since human error is one of the 
manifestations of human behaviour, it is believed that 
PSFs also incorporate the causes of error. Therefore, 
Performance Shaping Factors can both increase and 
decrease the likelihood of human error, depending on the 
personality traits, the environment, the organization at 
work, the complexity of the tasks, and similar. 
Each assessment of human error conducted without a 
suitable classification and categorization is incomplete 
since there is a possibility that a certain level of risk might 
not have been considered. It is of utmost importance that 
the assessor understands the complicated nature of human 
error in complex systems and is aware of all the causes 
that lead to human errors, which again influence the level 
of risk inside the system. The purpose of an error 
classification system in an identification procedure is to 
help the assessor reliably identify the multitude of human 
errors and actions that may compromise the normal 
system functioning. If the classification system is 
unreliable or not sufficiently comprehensive, then the 
system risk assessment may be incorrect (e.g. the level of 
risk may be underestimated). 
Human Error Analysis is the most significant part of 
Human Reliability Assessment because if an error is 
omitted at this stage it will not appear in the analysis, 
which may seriously underestimate the effect of human 
error on the observed system. For correct Human Error 
Analysis, it is necessary to supply adequate data, quality 
information processing and the relationship between 
different databases. Studies of industrial accidents are a 
valuable source of information about human errors; 
however, there are many obstacles to obtaining this kind 
of information. For that reason, the methods which rely on 
expert judgment are widely used for HRA. 
Due to the emerging safety and risk issues in 
technological systems, the study of the work quality and 
the development of a unique methodology for the 
identification, quantification, and reduction of human 
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errors has become imperative. In accident analysis, the 
HRA methods can be used retrospectively, or, more often, 
for prospective system analysis. Most methods are firmly 
rooted in a systems approach in which human contribution 
to the broader technical and organizational framework is 
visible. The purpose is to examine a task, a process, a 
system, or an organizational structure that may be 
defective or susceptible to error, rather than finding errors 
or identifying wrongdoers. Each system in which human 
error can happen could be analyzed using the HRA 
methods, which in practice means almost all processes 
that involve human participants. HRA methods have great 
potential for predicting errors with the aim to prevent 
accidents, as well as for analyzing accidents that have 
already happened and find out their causes. There is a 
variety of HEA methods which are classified into three 
generations following the chronological order. When it 
comes to their application, all these methods have 
advantages and disadvantages and it is rather difficult to 
single out the best one. The majority of methods have 
been developed for use in specific fields, most often in the 
case of nuclear plant design. 
The content of this publication reflects the author’s idea to 
illustrate the similarities, differences and conditionality 
between various HRA methods by analyzing them; to 
collect and systematize the most relevant HRA methods in 
one place; and, finally to compile the years of research in 
this area in Serbian education, especially in the scientific 
field of Environmental Engineering and Occupational 
Safety. Following this idea, the book covers seven 
chapters: Introductory Remarks, Theories of Accidents 
and Human Errors, Reliability of Operators and Man-
Machine Systems, Basic Stages in Human Reliability 
Assessment, Human Reliability Assessment Methods, 
Case Studies, and Concluding Remarks. 
In the first chapter, Introductory Remarks, the research 
interests are focused on defining basic terms used in 
human reliability assessment. Also, a bibliographic 
analysis of research on human errors worldwide and in our 
country was presented. 
The second chapter, Theories of Accidents and Human 
Errors, highlights the significance of the so far developed 
theories used to analyze the human factor in the 
occurrence of accidents, and provides an overview of 
certain HE theories in order to analyze the causes and 
mechanisms of their occurrence. The chapter points to the 
distinction between the theories in order to set up a 
necessary theoretical framework that will be discussed in 
later chapters.  
Since the reliability and safety of technical systems are 
often predominantly influenced by operators, the third 
chapter, Reliability of Operators and Man-Machine 
Systems, analyzes the basic indicators of operator 
reliability as well as the factors that affect human 
reliability in the Man-Machine System.  
The fourth chapter in this publication, Basic Stages in 
Human Reliability Assessment, elaborates the basic 
theoretical and methodological assumptions in HEA and 
conceptually shapes the basic stages in HRA, such as 
Human Error Identification, Human Error Presentation, 
Human Error Quantification, and Human Error Mitigation. 

An analysis of the relevant literature suggests that the 
human factor is the dominant cause of accidents in the 
workplace and the environment. However, even in cases 
where the human factor is not dominant, the roles and the 
significance of human errors in assessing hazards and 
risks in the systems commonly associated with these 
concepts have been observed (e.g. in high-tech industrial 
systems, including nuclear, chemical, power and similar 
plants). Starting from the facts and findings presented, 
chapter five, Human Reliability Assessment Methods, 
provides an overview of the relevant methods used to 
identify, quantify and reduce human errors. The following 
methods are of special interest to the researchers: Human 
Hazard and Operability Study; Systemic Human Error 
Reduction and Prediction Approach; Absolute Probability 
Judgement; Success Likelihood Index Method; Technique 
for Human Error Rate Prediction; Human Error 
Assessment and Reduction Technique; Paired 
Comparisons; Human Reliability Management System; 
Cognitive Reliability and Error Analysis Method; Nuclear 
Action Reliability Assessment, as well as some other 
methods for human error reduction. 
Chapter six, Case Studies, describes the practical 
application of commonly used HRA methods. The 
intention of the author was not to favour certain methods, 
but to compile the years of research in the field of human 
reliability assessment and to offer useful subject matter for 
HEA in the Serbian region. 
The methodological framework for human reliability 
assessment, which was created and practically validated 
by the Electric Power Industry of Serbia, can be applied in 
other industrial activities as well. This would certainly 
contribute to the cross-sectoral unification of the HEA 
methodology which is an integral part of the risk 
assessment methodology. The author believes that the 
results of the research presented may be beneficial to risk 
assessment teams, institutions and experts in the field of 
occupational safety and health, but also to company 
executives and employees, all with the aim to reduce the 
possibility of human errors. Besides, the research results 
can be a good starting point for further analysis of HEA in 
different industrial sectors, as well as a guideline for 
further study of this scientific issue. 
The seventh, final chapter, entitled Concluding Remarks, 
highlights the significance of the synergy of methods, 
through various stages of the HRA process. After years of 
research, the author concluded that only Synergy Methods 
can facilitate the error identification in the investigated 
systems, human error probability assessment and the 
introduction of adequate measures for their reduction. This 
chapter also outlines future trends in the development of 
HRA methods. 
At the end of the publication, there is a literature review, 
with the authors' key references in the field of human 
reliability assessment. 

Annotation: Upon decision No. 03-299/10 of the 
Academic Coouncil of the Faculty of Occupational Safety, 
University of Nis, the publication titled Human Reliability 
Assessment has been categorized as a Monograph of 
national significance. 



   Information article  
Project information 

 

                        | Safety Engineering 

 

SENVIBE is the acronym of the project ‘Strengthening 
educational capacities by building competences and 
cooperation in the field of Noise and Vibration 
Engineering’, which has been approved for financing 
under the call Erasmus+ Capacity Building in Higher 
Education  EAC/A05/2017, and will be coordinated by 
University of Novi Sad during the period 15 Nov 2018 
– 14 Nov 2021. 

The motivation behind the Erasmus+ SENVIBE project 
entitled ‘Strengthening educational capacities by 
building competences and cooperation in the field of 
Noise and Vibration Engineering’ is the recognized and 
urgent need to improve national educational capacities 
and build cooperation and competences in dealing with 
engineering, environmental and occupational noise and 
vibration (No&Vib) issues in Serbia. 

Motivated by the state-of-the-art facts, needs and 
priorities identified, the SENVIBE project shall rely on 
the synergy between the partners who possess the 
know-how and experience in the area - the two 
renowned Higher Education Institutions (HEIs) from 
the EU: University of Southampton, Institute of Sound 
and Vibration Research ISVR and Kungliga Tekniska 
Högskolan KTH, Marcus Wallenberg Laboratory for 
Sound and Vibration Research, who will transfer the 
knowledge to boost the practices of four HEIs from 
Serbia dealing with No&Vib: University of Novi Sad, 
University of Nis, University of Kragujevac and 
EDUCONS University from Sremska Kamenica. 
Further support is secured from non-academic partners: 
the local authority - Provincial Secretariat for Urban 
Planning and Environmental Protection of Autonomous 
Province of Vojvodina, stakeholders from industry 
(Vojvodinian Association of Employers) and the 
Institute for Occupational Safety and Health. Associate 
partners are the Chamber of Commerce and Industry of 
Serbia and Young Acousticians Network (YAN) 
 

 
SENVIBE Consortium 

The wider aim of the SENVIBE project is to improve 
and build national educational capacities, cooperation 
and competencies in dealing with environmental and 

occupational No&Vib engineering issues in accordance 
with ongoing EU integration strategies and the needs 
identified in Serbia. 

There are four Specific Project Objectives (SPOs). 

SPO1. To modernise existing courses in the field of 
No&Vib as well as to develop and implement new 
courses tailor-made for students of undergraduate 
programmes of different engineering departments. 
Among the existing course are those for the students of 
Environmental Engineering, Occupational Safety 
Engineering, Mechanical Engineering, and Electrical 
Engineering; the new course will be developed for the 
students of Civil Engineering and Traffic Engineering 
at the Serbian HEIs involved; 

SPO2. To create and implement two types of Life-
Long Learning (LLL) courses for practitioners in the 
fields of No&Vib Engineering, Environmental 
Protection and Occupational Safety; 

SPO3. To develop and implement a new MSc 
programme in Vibro-Acoustic Engineering (VAE) at 
the University of Novi Sad; 

SPO4. To establish a No&Vib Hub - a central unit 
launching and facilitating strategic cooperation among 
the key stakeholders engaged in No&Vib management: 
academia, local industry and local and national 
authorities. 

 
SENVIBE Specific Objectives 

The target group for the project are students, 
professionals, academia, institutions, businesses, 
industries, non-profit entities, national and local 
authorities interested or involved in No&Vib issues, 
their control, monitoring and management. The courses 
for students of undergraduate programmes of different 
engineering departments will be primarily focused on 
students of Environmental, Occupational Safety, 
Mechanical, Electrical, Civil Engineering and Traffic 
Engineering. 

More details:  
https://senvibe.uns.ac.rs/ 
https://www.facebook.com/senvibe.project 
https://twitter.com/senvibe 
https://www.youtube.com/channel/UCeCt3byLjR52
h_dPtYsJ-rw/featured  
https://www.youtube.com/channel/UCK2bwCIa_e8
TIjyutD0Ga7A 



 
 
INSTRUCTIONS FOR AUTHORS 

 
SAFETY ENGINEERING Journal publishes original 
scientific contributions and professional papers in the field of 
occupational safety, environmental safety and fire protection 
engineering. 
 

Scientific articles: 
 research paper (a paper in which unpublished results of 

authors' research are presented using the scientific 
method) 

 a review paper (a paper which contains an original, 
detailed and critical review of a research problem or a 
field in which the authors’ contributions can be 
demonstrated by self-citation)  

 short communication (short description of important 
current research findings) 

 scientific discussion or criticism (debate on a specific 
scientific topic based on scientific arguments)  

 

Professional reports: 
 professional paper (a paper which describes useful 

experiences in professional practice, not necessarily based 
on a scientific method) 

 informative contribution (editorial, comment, etc.) 
 review of a book, a software, a case study, a scientific 

event, etc.) 
Papers may be written in Serbian and English and published 
in both hard copy and soft copy on the website of the Faculty 
of Occupational Safety, University of Niš. 
 

SAFETY ENGINEERING Journal is published twice a year. 

Journal subject areas are: 
 Occupational Safety Engineering 
 Environmental Safety Engineering 
 Fire Protection Engineering 
 Medical, legal, economic, sociological, psychological, 

organizational, educational and linguistic aspects of safety 
engineering. 

 

All papers published in the journal are subjected to peer 
review by the members of the Editorial Board who determine 
the time frame for their publication. Comments and 
suggestions of the editors and reviewers are submitted to the 
author for final revision. 
Manuscripts should be submitted in written and electronic 
form. 
The length of the manuscript is limited to eight A4 two-
column pages. 
Template for papers can be found on the journal website: 
 

www.znrfak.ni.ac.rs/SE-Journal/index.html 
The papers prepared according to the template should be 
submitted to:  

casopis@znrfak.ni.ac.rs 

If you have further questions, do not hesitate to contact us at  

+381 18 529 711 

 
 
 

 
 
UPUTSTVO ZA AUTORE 
 
Časopis SAFETY ENGINEERING objavljuje originalne 
naučne i stručne članke  iz oblasti inženjerstva zaštite na radu, 
inženjerstva zaštite životne sredine i inženjerstva zaštite od 
požara. 
 

Naučni članci:  
 originalan naučni rad (rad u kome se iznose prethodno 

neobjavljivani rezultati sopstvenih istraživanja naučnim 
metodom); 

 pregledni rad (rad koji sadrži originalan, detaljan i kritički 
prikaz istraživačkog problema ili područja u kome je autor 
ostvario određeni doprinos, vidljiv na osnovu autocitata); 

 kratko saopštenje (kratak opis najvažnijih tekućih 
istraživanja); 

 naučna kritika (rasprava na određenu naučnu temu 
zasnovana isključivo na naučnoj argumentaciji). 

 
 

Stručni članci: 
 stručni rad (prilog u kome se nude iskustva korisna za 

unapređenje profesionalne prakse, ali koja nisu nužno 
zasnovana na naučnom metodu); 

 informativni prilog (uvodnik, komentar i sl.); 
 prikaz (knjige, računarskog programa, slučaja, naučnog 

događaja, i sl.). 
Radovi se pišu na srpskom i engleskom jeziku, a objavljuju se 
u pisanom i elektronskom formatu na sajtu Fakulteta zaštite 
na radu Univerziteta u Nišu.  
 

Časopis SAFETY ENGINEERING izlazi dva puta godišnje. 
 

Tematske oblasti časopisa su:  
 Inženjerstvo zaštite na radu; 
 Inženjerstvo zaštite životne sredine; 
 Inženjerstvo zaštite od požara; 
 Medicinski, pravni, ekonomski, sociološki, psihološki, 

organizacioni, obrazovni i lingvistički aspekti u 
inženjerstvu zaštite. 

 

Svi radovi koji se objavljuju u časopis podležu recenziji od 
strane Uređivačkog odbora koji određuje i redosled njihovog 
štampanja. Primedbe i sugestije urednika i recenzenata 
dostavljaju se autoru radi konačnog oblikovanja.  
Radovi se predaju u pisanom i elektronskom obliku. 
Obim rukopisa je ograničen na osam dvokolonskih stranica 
formata A4.  
 
Templejt za pisanje radova se nalazi na sajtu časopisa:  
 

www.safety.ni.ac.rs  
 

Radove pripremljene prema uputstvu za štampanje slati na 
adresu:  
casopis@znrfak.ni.ac.rs 

Za sva dodatna pitanja obratiti se na telefon:  

018/529-711 
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