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 Stručni rad 
REZIME  
Potrošnja električne energije, u doba kada potražnja za energijom i novim 
nekonvencionalnim energentima raste, predstavlja sve veći problem, kako 
u zemljama EU-a tako i u Bosni i Hercegovini. Prepoznajući značaj novih 
tehnologija, pogotovo baziranih na obnovljivim izvorima energije, novi 
načini smanjenja ukupne potrošnje energije, kao i karbonskog otiska, 
javljaju se i u zemljama regije. U ovom će radu biti provedena usporedna 
analiza pokrivanja potrošnje električne energije tipičnog domaćinstva u 
BiH za različite geografske regije pomoću fotonaponskih panela, kao i 
njihova tehno-ekonomska analiza.  

  
Professional paper 

 SUMMARY  
Electricity consumption, at a time when the demand for energy and new 
unconventional energy sources increases, represents a growing problem in 
the EU countries and Bosnia and Herzegovina. Recognizing the importance 
of new technologies, especially those based on renewable energy sources, 
new ways to reduce total energy consumption and carbon footprint are 
emerging in our region. This paper will conduct a comparative analysis of 
the coverage of electricity consumption of a typical household in B&H for 
different geographical regions using photovoltaic panels and it will provide 
their techno-economic analysis. 

1. INTRODUCTION 
According to Odyssee-Mure, there is a very 
uneven consumption of electricity in households 
among the European countries. The reason for 
this lies in the fact that in some countries 
electricity is, also, used for heating purposes, as 
is the case in France. As for the whole EU, the 
average annual electricity consumption per 
household is about 3700 kWh [1]. 
 
Compared to the European Union countries, the 
average household in Bosnia and Herzegovina 
consumes about 4500 kWh. This primarily 
applies to households in urban areas, while in 
rural areas consumption is slightly lower. The 
above analysis was taken from data available 
from the B&H Agency for Statistics [2]. 
 

For a long time, it has been known that the use 
of renewable energy sources, such as solar 
energy, can greatly contribute to the reduction of 
electricity consumption as well as the reduction 
of greenhouse gas emissions, such as carbon 
dioxide [3].  
 
Among main obstacles for installing solar 
systems for electricity generation, especially for 
households, can be high investment costs, the 
geographical location of the household, climate 
conditions or the total available irradiated energy 
as well as the required space for panel 
installation. 
In order to overcome economic problems and 
ensure a return on investment in a reasonable 
time, many countries choose to encourage 
electricity production by small producers 
through various forms of subsidies and 
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incentives such as feed-in tariffs, investment 
subsidies and other [4].  
In Bosnia and Herzegovina, according to the 
latest FERK reports, the guaranteed purchase 
price of electricity from micro producers, such as 
traditional household, is 0.12 KM/kWh, or if the 
household is a privileged producer, the price 
goes up to 0.3 KM/kWh [5].  
 
2. SOLAR ENERGY 
Solar energy is a huge energy resource available 
on the Earth. Currently, there are about 700 GW 
of power plants installed worldwide. The 
spectrum of sunlight on the Earth's surface is 
mostly spread in the visible, infrared range and, 
to a smaller degree, in ultraviolet range [6]. 
Reaching the Earth's surface, solar energy is 
available in the form of direct, diffusion and 
reflective energy. In general, for calculations of 
solar systems, it is necessary to know the total 
radiated energy on a horizontal or inclined 
surface. 
 

 
 
 
Figure 1 Solar resource model 

 
As it can be seen from Figure 1, passing through 
the Earth's atmosphere, the radiated energy on 
the Earth decreases significantly. This is 
primarily affected by various impurities in the 
air, such as pollutants from emissions from the 
combustion of fossil fuels, clouds, etc. 
 
Solar energy potential is not evenly distributed 
everywhere in the world. In general, the majority 
of the world's population lives in areas where the 
average daily radiated solar energy is between 
3,5 and 7 kWh/m2 [7].  
 
The average annual global irradiance per square 
meter over the world can be seen in Figure 2.  

 
 
Figure 2 Global irradiance in kWh/m2 all over 

the world 
 
Data on solar potential for geographical areas 
around the world is currently available for 
download through various online databases as 
well as various pieces of software. Among the 
leading databases and software are: 
➢ BSRN (Baseline surface radiation network), 
➢ PV GIS (Photovoltaic geographical 

informatial system), 
➢ NASA (Database for solar radiation and 

meteorogical data), 
➢ Global solar atlas, 
➢ Homer pro (software), 
➢ Helioscope (software) and 
➢ Retscreen (software). 
 
It is important to mention the above because of 
the way the data is collected. Most of the 
available data on solar energy radiated to the 
Earth's surface refers to satellite images taken 
over a period of time. The data available in this 
way is accepted when calculating solar systems 
in a scientific society, and many data validations 
are performed. Deviations of measured values 
from data downloaded from online databases, 
especially PV GIS, show satisfactory matches 
[8]. 
 
Although it is always better to have in-situ 
measurements, in this paper the values of global 
irradiation for different areas of B&H will be 
taken from the PV GIS web page. 
 
2.1 Solar potential of Bosnia and Herzegovina 
Knowledge of the solar potential of Bosnia and 
Herzegovina is crucial for sizing the 
photovoltaic power plants to cover household 
needs for electricity. Although long-term 
measurements of solar radiation have not been 
performed and available, most of the data 
required for sizing the system is available from 
the aforementioned databases. The solar 
potential of B&H can be seen in Figure 3. 
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Figure 3 Solar potential of Bosnia and 

Herzegovina 
 
By comparing the values of the total available 
solar energy on a horizontal surface in the 
countries of Central and Northern Europe, where 
annual averages are 1150 and 1000 kWh / m2 per 
year, respectively, it can be concluded that on 
average Bosnia and Herzegovina gets about 15% 
more energy compared to Central Europe, and 
30% more than Northern Europe. For the areas 
of Herzegovina, these percentages are even 
higher, so that part of our country receives up to 
50% more energy compared to Northern Europe. 

For the purposes of the analysis done in this 
paper, the values of average annual insolations 
for 6 cities in BiH were taken from the PV GIS 
page. Areas of interest were distributed 
according to different geographical areas and 
regions in Bosnia and Herzegovina. The cities of 
Mostar, Sarajevo, Zenica, Tuzla, Banja Luka and 
Bihać were taken as representatives of 6 regions. 
With the help of the PV GIS page, data on global 
horizontal irradiation (Ghi) and global irradiation 
on the optimal inclined surface (Goi) were taken. 
Data on global irradiation for different cities as 
well as optimal angles of panel inclination can 
be seen in Table 1. 
 
Table 1 Global anual irradiation on flat and 
inclined surfaces for different B&H cities 

City Ghi  
[kWh/m2] 

Goi  
[kWh/m2] 

Optimal 
angle 

[°] 
Mostar 1505,70 1768,04 37 

Sarajevo 1255,37 1420,97 33 
Banja 
Luka 1270,80 1454,13 35 

Tuzla 1292,48 1474,94 34 
Zenica 1263,25 1421,95 33 
Bihać 1242,94 1408,38 34 

 
As previously stated, it can be seen from the 
table that the southern parts of the country, i.e. 
the city of Mostar has the highest insolation 
while the northern parts, like Bihać, have the 
lowest. The data were analyzed for a period of 
over 10 years that was available on the PV GIS 
database from 2005 to 2016 [9].

 

 
Figure 4 Comparison of global irradiance at different cities across Bosnia and Herzegovina 
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3. SIZING THE PHOTOVOLTAIC POWER 
PLANTS 

In order to size the required number of PV panels 
and installed inverter power, the input 
parameters in the calculation will be the average 
household electricity consumption in B&H of 
approximately 4500 kWh per year and the 
average global irradiation to the optimally 
inclined surface for different cities in B&H, 
described in the previous chapter. Since the aim 
of this paper is to show a comparison of the 
required size of the solar power plant covering 
household electricity consumption for different 
cities in BiH as well as the required repayment 
period, certain assumptions are introduced: 
- electricity consumption is assumed to be 

evenly distributed over a period of 12 
months, more precisely evenly distributed 
over 365 days, 

- a simplified calculation model will be used, 
- households are located in the urban area, and 

are privilaged producers, 
- global irradiation per day will be taken to be 

evenly distributed over 365 days, 
- households have enough area on the roof to 

install the required number of PV panels. 
 
The first thing that needs to be calculated is the 
average number of peak hours of sunshine for a 
given location, which is calculated using the 
formula: 
                            

ℎ𝑝𝑝𝑝𝑝 = 𝐺𝐺𝑜𝑜𝑜𝑜𝑜𝑜

1 𝑘𝑘𝑘𝑘
𝑚𝑚2

 ,                                                       (1) 

 
where are: 
hps - sun peak hours [h], 
Goid - global irradiation on optimally inclined 
plate per day [kWh/m2]. 
 
The required PV power size needed can be 
calculated using the formula: 
 
                        

𝑃𝑃𝑃𝑃𝑃𝑃 =  𝐸𝐸𝐻𝐻𝐻𝐻𝐻𝐻
ℎ𝑝𝑝𝑝𝑝

 ∙ 1.3 ,                                             (2) 

                         
where are: 
PPV - required PV power size [kW], 
1.3 - standard increase factor due to system 
losses, etc., 
EHCD - average electrical energy consumption of 
household per day [kWh/day]. 

The number of PV panels is calculated using the 
following formula: 
 

𝑁𝑁𝑃𝑃𝑃𝑃 =  𝑃𝑃𝑃𝑃𝑃𝑃
𝑃𝑃𝑁𝑁

 ,                                                         (3) 

                                 
where are: 
NPV - number of required PV panels, 
PN - nominal power of the panel [kW]. 
 
The inverter size will be determined using the 
following rule: the invertor size needs to be 
bigger from 20 to 30% than the PPV of the PV 
panels. 
 
The total costs are calculated using the following 
formula: 
 
𝐶𝐶𝑇𝑇𝑜𝑜𝑇𝑇𝑇𝑇𝑇𝑇 =  ∑ 𝐶𝐶𝑜𝑜  ,                                                 (4) 
 
where Ci are the costs of individual system 
components. 
 
3.1. Calculated PV systems for households 
Table 2 shows the calculated required power of 
PV power plants to cover household electricity 
needs. Formulas (1) and (2) were used for the 
purposes of the calculation. First, the number of 
sun hours for each city of interest was calculated, 
and then the required power of the PV system. 
 
Table 2 Calculated PV power  

City Required PV power [kW] 
Mostar 3,31 

Sarajevo 4,12 
Banja Luka 4,02 

Tuzla 3,97 
Zenica 4,11 
Bihać 4,15 

 
As expected, the lowest required power of 
photovoltaic panels to meet the electricity needs 
of the household is in Mostar, where the highest 
solar irradiation is, while the highest required PV 
power is in Bihać. 
When calculating the required number of PV 
panels, it is necessary first to select the desired 
panel. For this purpose, a 375 Watt Longi PV 
panel with a price of 280 KM/piece was chosen. 
The number of required PV panels can be seen 
in Tabel 3. 
When choosing an inverter, it is necessary to pay 
attention that the maximum input voltage VDC on 
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the DC side (PV panel side) as well as the string 
current ISC is lower than the allowed values 
recommended by the manufacturer. 
 
Table 3 Required PV panels  

City Required PV panels 
Mostar 9 

Sarajevo 11 
Banja Luka 11 

Tuzla 11 
Zenica 11 
Bihać 11 

 
Taking into account the previously mentioned 
rules for all cases, Fornius symo 5.0 inverter 
with a price of 2515,5 KM was chosen. 
Additional costs such as installation, cables, 
connectors, etc. are taken to be up to 20% of the 
total investment for panels and inverter. The 
total cost of each PV system is shown in Tabel 
4. 
 
Table 4 Total cost per PV system 

City Total cost [KM] 
Mostar 6042,6 

Sarajevo 6714,6 
Banja Luka 6714,6 

Tuzla 6714,6 
Zenica 6714,6 
Bihać 6714,6 

 
4. TECHNO-ECONOMIC ANALYSIS OF 

PV POWER PLANTS 
Techno-economic analysis of the systems was 
performed using the online software PV GIS. 
The annual production of PV systems for cities 
of interest was calculated as well as the average 
monthly production from the PV plants. Annual 
incomes are calculated on the assumption that 
households enjoy the status of privileged sellers 
of electricity, having a guaranteed purchase price 
of electricity of 0,29 KM/kWh. Return on 
investment periods were also calculated.  
The average monthly production for PV power 
plants is shown in Figure 5, and the annual profit 
and return on investment in Tabel 5. 
 
Table 5 Annual PV profit and return on 
investment 

City 
PV 

energy  
[kWh/a] 

Income 
[KM/a] 

Return on 
investment 

[year] 
Mostar 4629,48 1342,55 4,50 

Sarajevo 4618,56 1339,38 5,01 
Banja 
Luka 4672,56 1355,04 4,96 

Tuzla 4745,64 1376,24 4,88 
Zenica 4551,6 1319,96 5,09 
Bihać 4557,8 1321,76 5,08 

 
 

 
Figure 5 Avarage monthly PV output comparison 

The return period on investment, calculated in 
relation to the lowest purchase price of 
electricity of 0.12 KM/kWh, is shown in Tabel 
6. 
 

It can be seen that the expected return on 
investment is the shortest for the city of Mostar. 
Other cities seem to have approximately the 
same return period. 
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Table 6 Annual PV profit and return on 
investment based on lowest purchase price 

City 
PV 

energy  
[kWh/a] 

Income 
[KM/a] 

Return on 
investment 

[year] 
Mostar 4629,48 555,54 10,88 

Sarajevo 4618,56 554,23 12,12 
Banja 
Luka 4672,56 560,71 11,98 

Tuzla 4745,64 569,48 11,79 
Zenica 4551,6 546,19 12,29 
Bihać 4557,8 546,94 12,28 

 
Small anomalies can also be seen when 
comparing the production of electricity from PV 
systems for different cities. Although the city of 
Mostar has the highest solar irradiated energy, 
during the summer months some cities such as 
Tuzla produce more electricity. The reason for 
that is the total installed power in Mostar is 
smaller as well as the inclination of the panel, 
which is set for the annual optimal angle, and not 
the monthly one. The above mentioned 
statements lead to the conclusion that it would be 
ideal to have such installed solar panels whose 
inclination in relation to the horizontal surface 
could be adjusted to the optimal angle per month. 
Of course, the above-mentioned details entail 
negative consequences, such as increased 
investment cost and much greater difficulties in 
implementing the technical solutions of the 
panel carrier. Looking at the entire lifespan of 
solar systems, estimated at 20 years, it can be 
said that the investment certainly pays off. A 
rough estimate indicates that for a city like 
Bihać, even when calculated at the lowest 
purchase price of electricity, the profit after the 
payback period can be over 4000 KM, looking at 
the service life of the system of 20 years.  
 
5. CONCLUSION 
The paper presents a techno-economic analysis 
of PV power plants for different cities in Bosnia 
and Herzegovina. From the analysis, it can be 
concluded that to cover the average electricity 
consumption of a typical household in B&H, a 
power plant of about 4 kW of installed power is 
needed, and the average investment is from 6000 
KM to 7000 KM. During the analysis, it can be 
seen that the southern parts of Bosnia and 
Herzegovina have a huge solar potential, but 
insufficiently used. This tells us that in the future 
the direction of electricity production from 
renewable sources should be directed towards its 

use. Also, in order to have an insight into a more 
detailed techno-economic analysis of such 
systems in future research, it is necessary to 
carry out optimizations using new technologies 
available for this purpose. For that purpose, 
software such as Homer Pro has been developed, 
where minimization of costs for the end user can 
be set as a function of optimization. Also, the use 
of MCDM optimization algorithms would give a 
broader insight into the usefulness of PV systems 
as well as their combination with other 
technologies, such as heat pumps, or the use of 
solar energy to heat domestic hot water. 
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Stručni rad 
REZIME  
Brzina obrade je jedna od najbitnijih komponenti u procesu proizvodnje, 
pa je prema tome potrebno koristiti što kompletniji programski paket 
odnosno softver. Esprit je idealan izbor, jer je to CAD/CAM softver u 
kojem je moguće crtati, modelirati, programirati, a na kraju generirati G-
kod za bilo koji alatni stroj. On je jako moćan alat visokih performansi sa 
punim spektrom programskih sistema za glodanje, tokarenje, bušenje itd. 
Kroz ovaj rad obradit će se proces programiranja obrade glodanjem i 
prikazati neke od najčešće korištenih opcija koje nudi Esprit. Jedna od 
bitnijih mogućnosti ovog softvera jeste realna simulacija samog procesa 
na mašini, što je jako bitno kod procesa obrade, posebno glodanja na 
petoosnim mašinama. 
 
                  Professional paper 
SUMMARY  
Machining speed is one of the most important components in the 
production process, so it is necessary to use the most complete program 
package or software. Esprit is the ideal choice, because it is a CAD/CAM 
software in which it is possible to draw, model, program, and finally 
generate G-code for any machine tool. It is a very powerful, high-
performance tool with a full spectrum of programming systems for milling, 
turning, drilling, etc. This paper will cover the milling programming 
process and show some of the most used options offered by Esprit. One of 
important features of this software is the realistic simulation of the process 
itself on the machine, what bears significance in the machining process, 
especially in milling on five-axis machines. 

 
 

1. UVOD 
Esprit je softver koji omogućuje programiranje, 
simulaciju i automatski generiran G-kod za bilo 
koju klasu CNC alatnih mašina, uključujući 
horizontalne, vertikalne i portalne mašine. 
Izgrađen kroz 38 godina inovacija, danas je jedan 
od najboljih CAM programa. DP tehnologija 
Esprit je moćan sistem za CNC programiranje, 
simulaciju, kao i optimizaciju izrade tehnoloških 
procesa. Podržava cijeli proces proizvodnje od 
CAD datoteke do obrađenog dijela. Ovaj 
program je u potpunosti usklađen s industrijskim 
standardima i omogućuje simulaciju procesa 
obrade u stvarnom vremenu. Sve te karakteristike 
su se kroz dugi niz inovacija razvijale i još uvijek 
se razvijaju i upotpunjuju [1]. Ovaj program je 
veoma lako instalirati uz odgovarajuću licencu i 
određene karakteristike koje računar mora 
posjedovati da bi instalacija bila moguća, a te 
karakteristike su radna memorija od 1 GB RAM-
a, slobodni prostor na hard disku od 2 GB i 
procesor Intel Dual Core [2]. 
 
 
 

1. INTRODUCTION 
Esprit is software that enables programming, 
simulation and automatically generated G-code 
for any class of CNC machine tools including 
horizontal, vertical and gantry machines. 
Software built through 38 years of innovation 
is one of the best CAM programs today. DP 
technology Esprit is a powerful system for 
CNC programming, simulation and 
optimization of technological processes. It 
supports the entire production process from the 
CAD file to the machined part. This program is 
fully compliant with industry standards and 
allows simulation of the machining process in 
real time. All these characteristics have been 
developed through a long series of innovations 
and are still being developed and completed 
[1]. This program is very easy to install with 
the appropriate license and certain 
characteristics that the computer must have in 
order for installation to be possible, and these 
characteristics are a working memory of 1 GB 
of RAM, free space on the hard disk of 2 GB, 
and an Intel Dual Core processor [2].  


