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1. INTRODUCTION

BOSNIA AND HERZEGOVINA

Strucni rad
REZIME
Potrosnja elektricne energije, u doba kada potraznja za energijom i novim
nekonvencionalnim energentima raste, predstavlja sve veéi problem, kako
u zemljama EU-a tako i u Bosni i Hercegovini. Prepoznajuéi znacaj novih
tehnologija, pogotovo baziranih na obnovljivim izvorima energije, novi
nacini smanjenja ukupne potroSnje energije, kao i karbonskog otiska,
javljaju se i u zemljama regije. U ovom ¢e radu biti provedena usporedna
analiza pokrivanja potrosnje elektricne energije tipicnog domacinstva u
BiH za razlicite geografske regije pomocu 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.

For a long time, it has been known that the use

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].

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/m? [7].

The average annual global irradiance per square
meter over the world can be seen in Figure 2.

Figure 2 Global irradiance in kWh/m? 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).

VVVY ¥V VYV

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 / m? 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 Bosnhia and Herzegovina. The cities of
Mostar, Sarajevo, Zenica, Tuzla, Banja Luka and
Bihac¢ were taken as representatives of 6 regions.
With the help of the PV GIS page, data on global
horizontal irradiation (Gn;) 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

Optimal
. Ghi Goi
City | jewhim? | fkwh/m?] ar[‘?]'e
Mostar | 1505,70 | 1768,04 | 37
Sarajevo | 1255,37 1420,97 33
Banja | 159080 | 145413 | 35
Luka
Tuzla | 129248 | 147494 | 34
Zenica | 126325 | 142195 | 33
Biha¢ | 1242,94 | 140838 | 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 Biha¢, 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,

- asimplified 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:

_ Goid

hys = 1k—W €Y

where are:

hps - sun peak hours [h],

Goid - global irradiation on optimally inclined
plate per day [kWh/m?].

The required PV power size needed can be
calculated using the formula:

E

Ppy = —HCD -, 1.3, (2)
hys

where are:

Ppv - required PV power size [kW],

1.3 - standard increase factor due to system
losses, etc.,

Encp - average electrical energy consumption of
household per day [kKWh/day].

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

Ppy
Npy = —, 3
=5 (3)
where are:

Npv - number of required PV panels,
Pn - nominal power of the panel [kKW].

The inverter size will be determined using the
following rule: the invertor size needs to be
bigger from 20 to 30% than the Ppy of the PV
panels.

The total costs are calculated using the following
formula:

Crota = Y Ci. @)

where C; 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 412
Banja Luka 4,02
Tuzla 3,97
Zenica 411
Biha¢ 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 Biha¢.

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 Vpcon
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the DC side (PV panel side) as well as the string
current lIsc 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
Bihac 11

Taking into account the previously mentioned
rules for all cases, Fornius symo 5.0 inverter
with a price of 25155 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
Biha¢ 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

PV Return on
. Income | .
City energy [KM/a] investment
[KWh/a] [year]
Mostar | 4629,48 | 1342,55 4,50
Sarajevo | 4618,56 | 1339,38 5,01
Banja | 467556 | 135504 | 4,96
Luka
Tuzla 474564 | 1376,24 4.88
Zenica 4551,6 | 1319,96 5,09
Biha¢ 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

PV Return on
. Income | .
City energy [KM/a] investment
[kKWh/a] [year]
Mostar | 4629,48 | 555,54 10,88
Sarajevo | 4618,56 | 554,23 12,12
Banja 1 467556 | 56071 | 11,98
Luka
Tuzla 474564 | 569,48 11,79
Zenica 4551,6 546,19 12,29
Biha¢ 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
Biha¢, 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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