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Abstract – The paper proposes a study of photovoltaic 
systems that can contribute appreciably to electric 
energy produce, having as scope to reduce the electric 
energy consume produced by classical way. 
In this sense, in the study has been used the 
simulation program of HOMER, that gives optimal 
solution regarding the utilization of renewable 
energies. 
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1. INTRODUCTION 
 

Nowadays, when the consume of electric energy is 
in continuous growing and its production from 
conventional sources is expensive, and in some cases the 
transport, its distribution also has high cost, is very 
important to find new sources of energy that can satisfy 
the demands. 

The renewable energy sources have many 
advantages compared to conventional energy sources, 
such as its reliability, sustainability and also its high 
environment friendly characteristic. The renewable 
energies  are such the energy from the sun, the wind 
energy, the energy of the water and so on. 

Regarding the green house gases reduction as well as 
the dependency of energy from the state are the objectives 
of the European Commission until 2020 are that 20% from 
the total requirements must be covered from renewable 
energy sources [1]. 

The development of European potential to use the 
renewable energies will have contribution on the security of 
energy supply, will reduce the imports and the dependency 
on fuel, also the emission of greenhouse gases, will 
increase the protection of the environment will be able to 
create new jobs and will enhance efforts towards a 
knowledge society [2,3,4]. 

The renewable energy sources, (RES), has a more and 
more importance in the European Electricity System. 

The solar energy has become a very important topic 
when the humanity has realized that the energy is a vital 
component for existence in conditions of modern 
civilization. The sun offers a possibility to resolve the 
energy crisis that has become increasingly pronounced due 
to the growing number of the population, its life standards 
growth, with exhaustion of the fossils and nuclear fission 
[1,7]. 

In this article was proposed to study the possibilities to 
optimize the electric energy production from sun using PV 
panels. 

Regarding the renewable energy resources, Romania 
has a good potential. Also, it was collected a special 
experience of research – development activities in this 
domain,  
 
 

2. OPTIMIZATION OF A PV SYSTEM 
 

Many simulation programmes are available for 
studying the renewable sources, as the wind, the sun, the 
energy of the water.  
The HOMER software offers simulation results for 
optimal system and sensitivity analysis. 

The basic diagram of a PV system is shown in figure 
1 [5]. 
 

 
Fig.1 – Basic principle of solar energy system 
 
The general diagram of a PV grid-connected energy 

system is used for the study, figure 2, [5] including the 
PV array, an inverter, and the distribution panel. 

 

 
 

Fig.2 – General diagram of a PV grid connected 
system 

 
In fig.3 is given the general diagram of PV stand 

alone system, where an important role has become the 
battery. 
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Fig.3 – Stand alone PV system 
 
2.1. Optimization 

 
After simulating all of the possible system 

configurations, HOMER displays a list of configurations, 
sorted by net present cost (sometimes called lifecycle 
cost), that you can use to compare system design options. 

The inputs are the technical and economic data of 
the components within a system that reflects the climatic 
variables, the load, and the operation of the system. A 
system with PV panels, generates energy that can be 
greater than the load demand, in this case the surplus is 
stored in batteries. When the load requires a greater 
energy that is covered by the produced one the necessary 
energy is obtained from the batteries. So it can be make a 
comparison between the deficit of energy and that 
required.  
 
 
3. A CASE STUDY 
 

We proposed to study a PV system composed by PV 
array, battery, a converter a generator and a consumer 
with consume of 25 kWh / day, the characteristics given 
in table 1. 

The results obtained from the measurements have 
been used to design a PV installation. For the simulation 
and optimization were various type of PV panels used, 
which are given together with the test conditions in table 1. 

 
Tabel 1 – The panels and standard conditions of 
testing 

PV module type  Modules 
in survey 

Average 
values of 

efficiency at 
STC [%] 

Silicon Polycrystalline 10 13.0 
Monocrystalline silicon 8 13.5 

Monocrystalline/amorphous 
silicon hybrid 

1 16.4 

Thin film amorphous 
silicon 

4 5.5 

Thin film CIS 1 8.2 

In figure 4 is given the considered equipment 

 
Fig.4. The structure of the photovoltaic system 

 
The chosen battery is of Hoppecke 6 OPzS 600 

type, produced by the German Hoppecke Company. 
From the capacity curve results that at the maximum 
current of 324 A the capacity of the battery is 324 Ah, as 
at 61 A the capacity is 610 Ah.  

The main characteristics of the battery are presented 
in table 2. 
 
Table 2 – The main characteristics of the battery 

Nominal 
capacity 

 [Ah] 

Nominal 
voltage 
Un [V] 

Efficiency

[%] 
Minimum 

state of 
charge 

[%] 

Lifetime 
[year] 

600 2 86 30 20 

 
The calculated parameters of the battery are: 

 Maximum capacity 727 Ah; 
 Capacity rate 0.335 

As how results from the figure the architecture of the 
system is: 

 A PV module of 30 kWp; 
 Generator of 10 kW; 
 A Hoppecke battery; 
 Invertor of 10 kW; 
 Convertor of 10 kW 

An important role in the modelling and simulation of 
the PV system it has the solar radiation. Basing on the 
solar resource, it is defined the global horizontal 
radiation in function with the daily radiation and the 
clearness index. The global radiation is obtained 
introducing the values of the latitude and longitude of 
each location in case. In this case was used the values for 
Oradea municipality and time zone of (GMT + 02) 
Eastern Europe. In the following figure - fig.4 – for 
Oradea the average monthly values of the clearness index 
and the daily radiation have been plotted. For the average 
daily radiation it was obtained 3.42 kWh/m2/day, as the 
clearness index average value is 0.482. 

In the fig. 6, is given the result of the optimization, 
taking into account the input values and those that have a 
significant importance in the PV system. 
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Fig.5 – Values of the global radiations 

 

 
Fig.5 – Optimization results 
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From these results can be seen that with a 30 kW PV 
panel i.e. the monthly average that is  
 

 
Fig. 7 – Result of the simulation 

 
Regarding the produced electricity, the results of the 

simulation are (fig.7): 
 The produced electricity by the PV is 36 738 

kW / year; 
 The capacity shortage is 3760 kWh / yr,  
Homer for each case computes the unmet electric 

load for a year. It is obtained a total electric energy of 
43,953 kWh/yr, from which 7.214 kWh/yr is produced 
by the generator, that is 16% of the total produced 
electricity, and the 84% is produced by the PV array. 

The cost of the system 38.480 $ and the operating 
cost for a year is 2740 $. 

Another type of analyzes considers a PV panel with the 
following characteristics: 

 The PV has a nominal capacity of 30 kW; 
 The average output is 4,2 kW; 
 The capacity ratio is 14%; 
 The total energy production is 43 953 

kWh/yr 
 In the following figures fig.7 a – d are given the 
evolution of the excess electricity, the battery input and 
the battery state charge for winter and summer months, a 
comparison made for assessment of the evolution of the 
produced and the used energy. 
 

 
a) 

 
b) 

 

 
c) 
 

 
d) 

Fig. 7 – Evolution of the excess energy 
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 The evolution of the electricity required by the load 
and the energy supplied by the PV system is showed in 
the figures 8 a ÷ f. 
 

 
a) 
 

 
b) 

 

 
c) 

 

 
d) 

 

 
e) 
 

 
f) 

Fig.8 – Evolution of the electricity required 
 

 It can observe that in the above cases in the summer 
months the produced power by the PV is enough to 
generate the energy that covers the required energy by 
the load, without to put in operation the generator. In 
other cases, there is necessary the operation of the 
generator to cover the required energy. 
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5. CONCLUSION 
 

Homer gives good results if the application input 
data are more accurate.  

Simulation was done for a known area of Bihor 
County. 

The analyzed case shows, that the utilization of the 
solar energy with PV modules, gives a solution that can 
assure a continuous supply with the required electric 
energy of the consumers, obtaining the optimal operation 
of the system in the given conditions. 

With this configuration of the PV system with 
battery it was shown the effect of season factors on the 
reliable supply of the load. 
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