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Abstract: In urban environments, PV panels are usually affixed on available buildings, but they can also be
included in the initial architectural design of the constructions. PV panels mounting on/as balcony fences
become frequent solution for creating PV systems in buildings. The idea of decentralized production and
storage of electricity very close to the point of use represents an additional benefit. In this paper, the pos-
sibility of using PV panels in urban conditions, within the home installations of individual residential con-
sumers with the placing of panels on the balcony fence, is analyzed. A detailed simulation of the complete
PV system in the PVSYST software was used for the analysis of different mounting options for PV panels
on the balcony fence. For an individual consumer from the “Household type 3” category with an annual
consumption of about 6000 kWh, the installation of PV panels with a total power of 1650 Wp was ana-
lyzed. Different variants of installation of PV panels were simulated for the case of two different tilt angles
(0° (vertical position) and 60°) and three different azimuthal orientations (south, east and west). Self-con-
sumption is modeled through typical daily profiles, taking into account seasonal variation for a given type
of consumer. The obtained results show that in the investigated PV system, photovoltaic energy can cover
from 15.84% to 29.48% of considered household’s self-consumption, depending on the tilt angle of the PV
panels on the balcony fence and their azimuthal orientation.
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1. INTRODUCTION and facades of existing buildings, and also with

building-integrated photovoltaics (BIPV) where PV
panels incorporation in construction is planned in

In the era of energy transition, photovoltaic
(PV) systems play an important role [1], not only

for being sustainable and producing renewable en-
ergy, but also for decreasing prices while grid elec-
tricity prices are increasing. Therefore, the role of
prosumers in the energy market is increasing [2].
Possibilities for simple and economical in-
stallation of PV systems are considered to achieve
efficient and sustainable electricity production at
the point of its consumption. Such solutions can be
accomplished with building-applied photovoltaics
(BAPV) where PV panels are attached to rooftops

advance [3].

BIPV systems and one of its installation
types such as balcony PV systems can increase
energy efficiency of the building and decrease air
conditioning use [4]. In this way, the transition to
sustainable buildings is facilitated and the effects of
climate change are mitigated. For wider utilization,
several challenges have to be solved, such as PV
systems adjustment to specific local climate and en-
vironmental conditions [5]. For tenants and apart-
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ment owners in buildings, the possibility for active
involvement in the energy transition has started re-
cently by mounting balcony photovoltaic systems
[6].

The balcony is not only an additional quality
space for the apartment usually highly exposed to
solar radiation, but also a possibility for mounting
PV systems and electricity production [7]. PV sys-
tems mounted on the balcony fences are to some
extent new in Serbia but have a lot of potential and
their share is growing. This kind of system can be
also called plug-in PV or mini solar power systems,
and refers not only to balcony PV systems, but also
to systems assembled of a few PV panels mounted
on rooftops, facades, in the garden, etc. [1].

The main contribution of this paper is a de-
tailed, comprehensive analysis of the possibility
of using a simple and affordable PV power supply
with panels mounted on the balcony on the example
of an individual consumer from the household cat-
egory in the city of Pirot, Serbia. According to the
author’s knowledge, such analyzes have not been
carried out in detail for settlements on the territory
of Serbia, taking into account typical diagrams of
daily consumption and for cases of different tech-
nical solutions for mounting PV panels and invert-
er systems. In some EU countries, the installation
procedure of such plug-in PV systems is very sim-
plified, with the introduction of restrictions on the
maximum installed power. The set restrictions re-
garding the installed power should prevent exces-
sive variable production, i.e. promote the basic idea
of producing electricity for own consumption. Us-
ing the examples of different household consump-
tion values in Serbia, this hypothesis was analyzed
and the justification of introducing different values
of the maximum power of the PV installation was
critically assessed. Different technical solutions of
the converting part of the PV installation, including
small battery energy storages, were also analyzed.

This paper is organized as follows. After
the Introduction, the second chapter provides an
overview of PV systems using PV panels mounted
on balconies. In the third chapter, a specific case
study is presented on the example of an individual
consumer from the household category. The main
results and their discussion are given in the fourth
chapter, while the corresponding conclusion is gi-
ven at the end.

2. OVERVIEW OF PLUG-IN PV SYSTEMS

It is not easy to make a literature review con-
cerning balcony PV systems since various terms are
used. Also, balcony PV systems do not only refer to
the PV panels mounted on balcony fences. There-
fore, uniform terminology should be established [2].
Installations of PV systems on balcony fences (using
balustrade or parapets) are expanding in many coun-
tries, especially in buildings where apartments rep-
resent a great number of dwellings. Having in mind
benefits of these kind of systems such as contribution
to sustainability of cities, PV installations in balco-
nies have been promoted by some governments. Bal-
cony capacity for photovoltaic electricity production
mostly depends on the azimuthal orientation of the
balcony and PV panels tilt angle, whereby it is con-
sidered that balcony PV systems can usually satisfy
up to one third of the annual electricity consumption
of the apartment [8].

Placing PV panels on the balcony fence means
that they are often in vertical position (tilt angle 90°),
but their azimuthal orientation can be various. For
south-facing vertically mounted PV panels, around
29% less electricity is generated per year compared
to panels with 30° tilt angle. Integration of vertically
mounted PV systems into the grid is easier compared
to horizontally installed PV systems due to lower
monthly fluctuation between summer and winter
yield [6].

Although the installation of PV panels on bal-
cony fences represents a good solution for electricity
production, in this case the PV panels are often not
in their optimal position. Also, sometimes during the
day they can be temporarily shaded by surrounding
objects and trees. Accordingly, the selection of in-
verter technology is of vital importance for this kind
of PV system [9].

One of the most significant factors for calcu-
lating the pace of balcony PV system’s amortization
is the sunshine hours. Other important factors are PV
panels tilt angle and azimuthal orientation. General-
ly, the most electricity is produced with south-orient-
ed PV panels. In certain cases, such as the time of the
day when household consumes most of the electrici-
ty, or not south-oriented balcony fence, favorable
orientation of PV system can be towards the east or
west that should be especially taken into account for
PV balcony systems without the storage unit. The
pace of balcony PV system’s amortization also de-
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pends on the electricity prices, whereby the profit of
the balcony PV system can be calculated by the dif-
ference between the grid electricity price and the cost
of the PV system. It is obvious that the amortization
of balcony PV systems is faster for higher grid ele-
ctricity price and lower cost of PV system [2].

Like any other, PV systems mounted on the
balcony fence consist of PV panels, a DC to AC
converter (inverter) and appropriate mechanical and
electrical installation equipment. The mechanical in-
stallation of PV panels is easy and can be vertical
or at a tilt angle o which is usually in the range of
60° to 90° (Figure 1). The small installed power of
the PV panels simplifies the connection of the instal-
lation to the electrical grid because microinverters
are used instead of classic on-grid inverters. These
devices combine numerous functions, starting with
communication, and ending with appropriate pro-
tection and security functions. One of the common
names of these PV installations (plug-in PV system)
comes from the way these installations are connected
to an ordinary household single-phase socket. This
simple method of connection can bring with it cer-
tain risks that come from the fact that the complete
installation and connection can be carried out by use-
rs independently, without the need for experts and
authorized persons to guarantee the quality and safe-
ty of the installations.

Figure 1. Example of balcony PV system

The basic part of balcony PV systems are
PV panels that can be of various types. Generally,

monocrystalline silicon, polycrystalline silicon, and
thin film PV panels are mostly present on the market.
In the year 2023, the highest global annual produc-
tion was with mono-Si technology [10]. Flexible PV
panels can be an acceptable solution for curved bal-
cony fences. Bifacial PV panels can absorb incident
and albedo radiation from the front and the rear side
getting higher power output [11] and represent good
solution for balcony PV systems with appropriate
balcony fence.

Wide commercial utilization of microinverters
started in 2005. However, there are many topologies
with advanced technologies and management, which
are presented below [12]. A typical solar company
microinverter topology is shown in Figure 2. It is
a 2-stage system - the first stage is a DC/DC con-
verter to obtain the maximum power point (MPP).
Then the output voltage of the DC/DC converter is
raised to a higher level by means of a high-frequen-
cy transformer. The second stage of the converter
is the DC/AC converter, which connects the output
voltage to the utility grid. Isolation is achieved by a
high-frequency transformer in the DC/DC converter.
Some microinverters have the optional possibility of
charging the battery storage, which is also shown in
Fig. 2. Connecting these small plug-in PV systems to
the distribution network (on-grid operation) is easy,
via a standard single-phase socket.

Apart from technical solutions for the safe
and efficient installation of plug-in PV systems, the
biggest influence on the number and wide spread
of these systems is the bureaucratic procedures that
allow the legal connection of such micro-generators
to the electrical grid. In some countries, the proce-
dure for installing micro-generators is very simplified
and requires only notifying the Distribution Network
Operator (DNO) with basic information about the in-
stallation of PV systems with microinverters [14]. In
Germany and Austria, apart from formal notifications
to the DNO and appropriate consents from neighbors
in the case of residential buildings with multiple
households, as of this year a new limit was set for
restricting the maximum power of microinverters to
a value of 800 W. In other European countries, inclu-
ding Serbia, the balcony PV area systems, including
plug-in PV systems, are not regulated by appropriate
legal norms. With the purpose of additional facilita-
tion of balcony PV systems deployment, further sim-
plification of grid connection provisions is expected,
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Figure 2. Two-stage microinverter [13] with plug-in connection

followed by reduction of bureaucratic burdens, and
supplementary subsidies [15].

3. CASE STUDY METHODOLOGY

The focus of this research was on the exam-
ination of on-grid PV systems that are simple to in-
stall and connect to existing electrical installations.
As explained in the previous section, it involves a
small-scale, single-phase PV system, with one or at
most a few PV panels installed on balcony fences
at tilt angles that are often not optimal. The orienta-
tion (azimuth angle) of the PV panels is dictated by
the position of the balcony fence and the presence of
other objects on the horizon that may lead to unwant-
ed shading of the PV panels. Practically, it is nec-
essary to examine all possible orientation variants,
starting from the far east, through the ideal south, to
the far west.

The first step in modelling is determining the
average household consumption in the Republic of
Serbia for each day of the year, broken down by
hours. Ideally, these consumption profiles could be
determined based on data obtained from measure-
ments taken in a large number of households that
represent typical consumers in the household cate-
gory. However, the lack of adequate measuring devi-
ces that could register consumption in this way rep-
resents the first obstacle to the approach of modelling
typical household load profiles. This problem is not
only characteristic of the Republic of Serbia but is
also typical for other countries in Europe, so alterna-
tive methods must be found to obtain the necessary
data for modelling load profiles [16].

Based on publicly available data for 2023
from [17] and [18], it is known that the total elec-
tricity consumption of households delivered by the
national DNO in the Republic of Serbia amounted to
13008 GWh, with the number of delivery points to-
taling 3367109. This effectively gives us an average
annual consumption of 3863 kWh per household.
Consequently, the average monthly consumption
per household in the Republic of Serbia is 322 kWh.
Determining consumption profiles by month and day
for a typical household is more challenging based on
publicly available data. This paper combines data
available from user accounts for electricity consump-
tion [19] and daily consumption profiles as outlined
in [20]. Therefore, this paper uses the approach that
is usually used to charge unregistered consumption,
in this case, consumers from the household category.
Specifically, consumers in the household category
are classified into 7 types, according to criteria such
as the type of active energy meter, total monthly
consumption, the ratio of monthly energy consumed
during off-peak tariff periods to total monthly energy
consumed, and the ability to manage consumption.

Figure 3 compares data on the average month-
ly consumption of electricity for households in Ser-
bia and one household analyzed in this case study.
This household uses an air conditioner for additional
heating during the transitional season (April, May,
September and October) and for cooling during the
summer (June, July and August). During the winter
months (November, December, January, February
and March), the main method of heating this house-
hold is central district heating. The data shown refer
to the calendar year 2023 and show that the con-
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sumption of the analyzed household is higher than
the typical household during all months. Annual con-
sumption is 5955 kWh, which is about 54% more
than the average.
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Figure 3. Monthly consumption profiles of a typical and
case study household
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According to the classification from [20], both
households (typical and case study) belong to cate-
gory C. Figures 4(a) and 4(b) show the percentage
distribution of the daily load of a household from
category C for different seasons and for working and
non-working days, respectively.

For the known monthly electricity consump-
tionWyy, the daily consumption diagram can be mod-
eled, based on the known dependencies of the coeffi-
cients K4 and K, as follows:

and

Knd (h) Wm .
W(h) = 100 N, for non-working days. (2)
where Ng designates the number of days in a given
month.

Data obtained on the basis of (1) and (2), and
for monthly consumption from Fig. 3 were used for
modeling own household consumption in the soft-
ware PVSYST [21] and for further analyses.

The second phase of the modeling is determin-
ing the size of the on-grid PV system that will be in-
stalled as a plug-in with PV panels that will be mount-
ed on the balcony fence. As illustrative examples, an
installation of PV panels with a maximum power of
800 W prescribed by German regulations was used,
and another slightly more than double installation of
1650 W of maximum power with the option to store
any excess energy produced in a lithium-ion battery.
The ultimate requirement in this case study for both
described installations is that all produced energy is
used locally, thus with zero export restriction.

In order to calculate the daily, monthly, and
annual amount of energy generated by a PV system,
it is necessary to know data on solar radiation and
temperature at a given location in the city of Pirot
(N: 43.1569, E: 22.5858). In the simulations that
follow, the data for the Typical Meteorological Year
(TMY) available in the PVSYST software for the
given location will be used. The influence of sur-
rounding buildings and other obstacles (trees, street

W (h) = wa(h) Wi , for working days, ) hghtmg poles, ...) was not analyzed, whlle .data'on
100 Ny the horizon was taken into account, bearing in mind
—— Winter —— Winter
6 L=~ Transition season - === 6L Transition season

52 T =
]
2 T
CThed
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Hours Hours
(a) (b)
Figure 4. Daily load profiles for different seasons: working days (a) and non-working days (b)
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that the city is located in a valley surrounded by
prominent mountain peaks.

4. RESULTS AND DISCUSSION

In the following simulations, a total of 10 dif-
ferent scenarios were created with the orientation of
the panels to the east (E), south-east (SE), south (S),
south-west (SW) and west (W), and for two differ-
ent values of the tilt angle of the PV panels: fully
vertical panels on the balcony fence (o = 90°) and
a variant with panels placed at an angle of a = 60°
using a prefabricated structure. Simulations for these
10 scenarios were carried out for two different va-
lues of the installed power of the PV panels. The PV
installation on the balcony fence consists in the first
case of 2 panels with an individual power of 400 Wp,
while in the second case 3 panels with an individual
power of 550 Wp were used. Table 1 shows the tech-
nical characteristics of these PV panels at standard
test condition (STC), where their dimensions are a
very important detail for a specific installation.

Table 1. Technical characteristics of the PV panels

JKM400M-
PV panel model | 54HL4/ LR5-72HPH-
No. JKM400M- 550M
54HLA4-V
P type P type
Type of cells monocrystalline | monocrystalline
PV panel 400 Wp 550 Wp
nominal power
PV panel
nominal 20.48 % 21.30 %
efficiency
Short-cireuit | 43 7g 5 13.98 A
current
Open-circuit | 36 o5y 49.80 V
voltage
Dimensions (W | 1722 x 1134 x 2278 x 1134 x
x Hx D) 30 mm 35 mm

The initial simulations were carried out with-
out any restrictions regarding the injection of pro-
duced energy into the AC network, therefore, with
the basic idea of determining the amount of produced
energy of PV panels Epy for a given location depend-
ing on the method of installation. Table 2 shows the
results of the obtained amount of energy for the in-
stalled power of PV panels of 800 Wp, and Table 3

shows the results for the case of PV panels with an
installed power of 1650 Wp.

Table 2. Overview of annual PV energy production for
different tilt angles and azimuthal orientations and with
total PV installed power of 800 Wp

South- South-
East East South West West
g0 | 560 722 764 742 596
¢ kWh | kWh | kWh | kWh | kWh
00| 766 978 | 1065 | 995 795
« kWh | kWh | kWh | kWh | kWh

Table 3. Overview of annual PV energy production for
different tilt angles and azimuthal orientations and with
total PV installed power of 1650 Wp

South- South-
East East South West West
_gge | 1156 | 1490 | 1580 | 1532 | 1230
¢ kWh | kWh | kWh | kWh | kWh
oo | 1581 | 2020 | 2204 | 2056 | 1644
¢ kWh | kWh | kWh | kWh | kWh

The results from Tables 2 and 3 show that the
total, annual amounts of Epy energy are less than
the household’s self-consumption, but in order to
assess the actual participation of PV production in
the household’s self-consumption, it is necessary to
simulate the consumption in an adequate way. The
consumption models from Figure 3 and Figure 4
have been implemented in the PVSYST simulation
software and the new results are displayed by month.
The monthly consumption of both household types
is modeled with seasonal variations, taking into ac-
count working/non-working days. Profiles of hourly
self-consumption were generated as a csv file and
were imported into the PVSYST software.

Figure 5 shows simulation results with mod-
eled local consumption for a typical household
connected to the distribution network for vertically
mounted PV panels with a power of 800 Wp, and
for identical PV balcony system mounted at an angle
of 60°. The pictures show the following quantities:
Esolar - energy produced from PV panels that is used
in self-consumption, and Egqq - energy from PV
sources that is injected into the distribution network.
It can be seen that the excess energy injected into the
network with south oriented vertically inclined PV
panels is quite small and that practically more than
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Figure 5. Results of 800 Wp balcony PV system use in typical household with vertical (left) and 60° (right) tilt
angle PV panels for different azimuthal orientations

99% of the energy is used by local consumers. The
highest value of the energy injected into the network
for the case of vertically placed panels with east az-
imuthal orientation is 69.9 kW. For the case of PV
panels with an inclination of 60°, the highest value
of E¢riqis for South-East orientation (135.78 kWh).
For South orientation, the annual value of Egyiq is
88.74 kWh. The percentage of local production in
total consumption, depending on the method of PV
panels mounting, is shown in Table 4.

Table 4. Overview of annual PV energy production for
different tilt angles and azimuthal orientations and with
total PV installed power of 800 Wp

South-
East

South-

East West

South West

a=90°[12.73% | 17.19% | 19.45% | 18.92% | 15.13%

a=060°116.77% | 21.76% | 25.25% | 23.93% | 19.46%

The next group of results, shown in Fig. 6, is
given for the case study household, first for the 800
Wp installed power of the PV panels for two differ-
ent tilt angles and for five azimuthal orientations. It
is observed that the amount of energy injected into
the network is the highest in the case of the eastern
orientation of the PV panels and represents 2.8%

of the energy produced by the PV panels. Table 5
shows an overview of the percentage coverage of
self-consumption with energy coming from PV pan-
els. The graphical and tabular results indicate that in
the case of PV panels with an installed power of 800
Wp placed on the balcony fence, it is not necessary
to install battery storage. Based on the results from
Fig. 6 and from Table 5, it can be concluded that for
households with increased consumption due to the
use of air conditioners, the optimal installation is the
balcony PV system facing South. The installation of
800 Wp PV panels does not significantly affect the
grid in terms of injecting additional energy that is not
used by local consumers.

Table 5. Percentage coverage of case study household
self-consumption for different tilt angles and azimuthal
orientations with total PV installed power of 800 Wp

South- South-
East East South West West
0=90°| 9.19% | 11.94% | 12.79% | 12.43% | 9.99%
o0=060°|12.50% | 16.06% | 17.68% | 16.58% | 13.31%

An attractive and affordable solution is the
installation of additional PV panels, together with a
suitable microinverter. This idea finds its justifica-
tion in the fact that the analyzed household uses an

30
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Figure 6. Results of 800 Wp balcony PV system use in case study household with vertical (left) and 60° (right)
tilt angle PV panels for different azimuthal orientations

air conditioner, mostly in the summer months, when
the expected production from PV panels is the high-
est. A detailed simulation of a PV system with an in-
stalled power of 1650 Wp was performed, again with
the local consumption of the household from the case
study. Fig. 7 shows the obtained results, and an addi-
tional better insight into the results can be acquired
from Table 6. It is observed that the increase in the in-
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stalled power of the PV panels leads to an increase in
the injection of energy into the distribution network,
which can be problematic from the aspect of grid
codes of DNO, but also from the aspect of profitabil-
ity of the investment. The largest amount of injected
energy (490.66 kWh) is for South-East oriented PV
panels placed with a tilt angle of 60°, which represents
24.29% of the total energy produced from PV panels.

Figure 7. Results of 1650 Wp balcony PV system use in case study household with vertical (left) and 60° (right) tilt
angle PV panels for different azimuthal orientations
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Table 6. Percentage coverage of case study household
self-consumption for different tilt angles and azimuthal
orientations and with total PV installed power of 1650 Wp

South- South-
East Fast South West

15.84% | 20.49% | 23.13% | 22.92%

West

a=90° 19.25%

a=60°[20.63% | 25.69% | 29.48% | 28.51% | 24.39%

It can be concluded that the installation of
additional PV panels on the balcony fence cannot
contribute proportionately to the improvement of the
energy independence of the household, without the
use of battery storage. In recent years, solutions with
hybrid inverters have appeared on the market, which
enable battery charging and even off-grid operation
of the local network. The increase in the installed
power of PV panels on the balcony fence, especially
in the case of households with increased self-con-
sumption in the evening, highlights this trend, of
course with the necessary detailed techno-economic
analysis of the justification for the investment and
determination of the optimal battery capacity.

5. CONCLUSION

The balcony is not only an additional outdoor
part for the apartment, but also a space with the pos-
sibility for PV electricity production. Photovoltaic
building applications represent the key for achieving
sustainability goals. Although the electricity produc-
tion from balcony PV systems is still low, they could
be an important factor for electricity consumption in
households especially in multi-story buildings and
contribute to the energy transition.

The proper sizing of the balcony fence PV
system depends on several factors, the most import-
ant of which is the daily profile of self-consumption,
as well as the possibility of installing PV panels in
terms of inclination and azimuthal orientation. A
detailed simulation analysis that takes into account
the daily profiles of self-consumption showed that
the consumption savings of a typical household in
Serbia is in the range from 12.73% to 25.25% of the
total household consumption for the case of an in-
stalled balcony PV system of 800 Wp, which is com-
mon today in some European countries. In the case
of a household with increased consumption due to
intensive use of air conditioners during the summer
and transition season, the installation of 800 Wp PV

panels saves from 9.19% to 17.68% of the used elec-
tricity. A double increase in installed power does not
contribute to a double increase in savings due to vari-
ation in daily consumption and seasonal differences.
Therefore, it is necessary to consider the possibility
of using battery storage in further research.
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MOI'YRHOCT HNPOU3BOAKBE ®OTOHAINOHCKE EJIEKTPUYHE
EHEPI'NJE HA OT'PAIA BAJIKOHA Y ITMPOTY, CPBUJA

Caxerak: Y ypb6aHoM okpyxemny hoToHanoHncku (PV) manemn oOMYHO ce MOCTaBIbajy Ha PACTIONIOKNIBE
3rpajie, alli ce MOTY YKJbYYHUTH M Y MOYETHH apXUTEKTOHCKU AM3ajH rpaljeBuHa. MonTtaxka PV nanena
Ha/kao OaJKOHCKE Orpaje MOCTaje 4YecTo peliemhe 3a Kpewpame PV cucrema y 3rpamama. Waeja
JICLIEHTPAIM30BaHe MPOU3BO/IHE U CKIIA/IUIIITEHha EIEKTPUYHE SHEepruje Bpio Ou3y Mecta kopuirhema
npescTaBiba noAaTHn OeHeduT. Y oBOM pany aHaiuzupana je moryhHoct kopuinhewma PV mnanena
y TpajCcKUM yCIOBMMA, YHyTap KyNHHMX HWHCTajandja WHAWBHAYaJHOT CTaMOEHOI MOTpoIIada ca
MOCTaBJbAHEM TIaHela Ha Orpau OankoHa. 3a aHaM3y pa3inuMTHX BapujaHTH MoHTaxe PV nanena Ha
orpaau OankoHa KopHiilieHa je neTajbHa cuMmyraija komiuieTHor PV cucrema y copteepy PVSYST.
3a MHIMBHYAJTHOT MOTpOIIa4a U3 Kareropuje ,,JlomahuncTBo TN 3 ca TOAWIIBOM MOTPOIIHOM O
oko 6000 kWh, ananusupana je yrpaama Tpu PV manena ykymHe caare 1650 Wp. Cumynupane cy
pasnuuuTe BapujaHTe yrpaame PV maHena u To 3a citydaj aBa pasnuunTa yria Haruoa (0° (BepTHKaIHH
moJIokaj) u 60°) ¥ TpH pa3InInuTe a3UMyTHE OpHjeHTaIje (jyT, HCTOK U 3amay). COmcTBeHa MOTPOIIIHa
MOJIEJIOBaHa je MPEeKO THUIMMYHUX JHEBHHUX Mpo(duiia y3 yBaKaBambe Ce30HaIHE BapHjalldje 3a JaTh THI
notpomaya. /lobujeHn pesynrtatu mokasyjy aa y ucnutuBaHoMm PV cucremy ¢oToHamoHcka eHepruja
MoXxe aa mokpuje ox 15,84% mo 29,48% cormcTBeHe MOTpOIIkE MmocMmarpaHor gomalinHCTBa, a y
3aBHCHOCTH O] yriia Haruba PV manesa Ha orpaan 0ajgKoHa U BbUXOBE a3MMYyTHE OPH]jCHTAIH]e.

Kibyune pujeunm: PV manen, orpaga OajikoHa, MPOM3BOMAKA CICKTPUYHE CHEPrHje, MOTPOIIHA
eJIEKTPUYHE eHepruje, JoMahuHCTBO.
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