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PHOTOVOLTAIC OFF-GRID HYBRID SYSTEM 
WITH BATTERIES AND DIESEL GENERATOR 

FOR POWER SUPPLY AT THE BORDER 
CROSSING UŽLJEBIĆ  

Abstract 

This paper analyzes the installed power supply system of the border crossing Užljebić, which is placed in a location 

near which there is no connection to the power supply grid. The aim of this work is to present an implemented hybrid 

off-grid system based on renewable energy which uses natural energy sources of the area in which it is located and 

to present different solutions for hybrid off-grid PV systems. The system is designed so that it uses solar panels for 

the primary power supply, and in case of extra energy, it is stored in high capacity batteries. If there is no energy from 

solar panels or stored energy in batteries, a diesel generator, which produces energy for power supply, is used as a 

necessary source of electricity independent of atmospheric conditions. 
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Introduction 
The solar energy system is one of the best renewable energy technologies that is not only cost-effective, but 
also environmentally friendly.  
Off-grid systems or stand-alone systems are defined as independent systems that are not connected to the 
utility grid, but operate independently.  
They can be installed with different levels of power and are mainly used in places where there is no access to 
the power network infrastructure.  
There is only as much energy in the off-grid system as they produce themselves.  

Figure 1. Examples of off-grid photovoltaic systems 
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Off-grid Photovoltaic systems 

- Off-grid systems are systems that are not connected to the utility grid. These systems can generate energy and 
supply electric devices on their own and are usually used to supply smaller areas.  

- Off-grid systems are widely used in country areas that have little or no access to electricity due to an extremely 
lively and population spread over a vast area. Determining the location and position of the panels is a key step in 
designing a photovoltaic system, because all of the following components are aligned with this step.   

Components of the solar off-grid system are:  
 
1. PV panel 
2. Inverter  
3. Battery 
4. Storage inverter (Inverter/Charger) 
5. Diesel generator  
6. Consumers 

 

Figure 2. Components of the solar off-grid system  
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Off-grid Photovoltaic systems 

There are two types of PV off-grid systems: 
•  PV off-grid systems where the consumer is connected only to a PV Inverter 
•  PV off-grid systems with Storage inverter (inverter-charger), where consumer can use energy from the utility grid 

or energy produced from the PV panel, and all extra energy produced is stored in the batteries through the 
Storage inverter 

Figure  3. Three phase off-grid system  
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Photovoltaic off-grid hybrid system with batteries and diesel generator for power supply at the 
border crossing Užljebić  

- The border crossing (BC) Užljebić is located in the north-western part of Bosnia and Herzegovina. 
- This border crossing did not have a connection to the utility grid, the nearest utility grid is located in Lohov (10kV 

MV network and TS 10 / 0.4kV), which is about 3.5 km away from BC Užljebić. 
- When selecting the optimal technical solution for power supply to BC Užljebić, the estimated annual electricity 

consumption was analyzed.  
 

Figure  4. Types of PV Systems 
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Photovoltaic off-grid hybrid system with batteries and diesel generator for power supply at the 
border crossing Užljebić  

- The analysis of electricity consumption of BC Užljebić was done by analyzing the estimated annual hourly load 
curve of BC.  

- The basic characteristics of the estimated electricity consumption at BC Užljebić are given below.  
- The total estimated consumption is 7828 kWh / year, while the monthly consumption is shown in Figure 5.  

Figure  5. Estimated monthly consumption of BC Užljebić  

- The estimated maximum hourly load of future consumption of BC Užljebić is 2.54 kW, and the maximum 
expected peak load that can occur is estimated at 4.2 kW  
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Photovoltaic off-grid hybrid system with batteries and diesel generator for power supply at the 
border crossing Užljebić  

Criteria which are important for choosing optimal 
technical solution are: 

a) Reliable and safe power supply. 
b) Availability of used technologies on the market. 
c) Availability to the public utility grid. 
d) Flexibility of the technical solution to possible 

expansion or connection to the public utility grid 
(in case of its construction). 

e) Geographical locations and the possibility of 
mounting PV panels  

Figure  6. Installed PV hybrid system with energy storage  

and diesel generator 
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Photovoltaic off-grid hybrid system with batteries and diesel generator for power supply at the 
border crossing Užljebić  

Figure  7. PV panels – installed power 7.4 kWp connected in two strings 

- An optimal system consists of a PV panel with an 
inverter (6 kW), a Storage inverter (5000 VA) for 
charging the batteries (110 kWh) and maintaining the 
supply voltage and a diesel generator that provides 
power supply regardless of atmospheric conditions 

-  The PV part of the system consists of 20 FN panels 
with a power of 370kWp. 

- The total installed power of the PV panels is 7.4kWp 
and they are connected to the 6 kW PV inverter and 
surge arresters for PV systems via appropriate DC 
cables and connectors.  

-  A 6 kW PRIMO 6.0 -1 photovoltaic inverter / 
converter is mounted on the wall inside the container 
next to the Storage inverter and it is connected to the 
AC 1 output of the Storage inverter (parallel to the 
consumers).  

-  Storage inverter is a grid inverter and grid regulator, 
which maintains the stability of the AC grid and 
ensures that voltage and frequency remain within 
acceptable limits.  
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Photovoltaic off-grid hybrid system with batteries and diesel generator for power supply at the 
border crossing Užljebić  

Figure 8. Installed Storage inverter MultiPlus Victron Figure  9. Equipment installed in common container 

- For the purposes of this project, the battery capacity was optimized for the needs of system autonomy 
(without using diesel generator) of 48 hours and in such a way that 50% of the battery capacity is used for 
storage (to preserve battery life).  

- The optimized battery capacity is 110 kWh, and the used battery capacity is 55 kWh. The built-in Storage 
inverter allows the connection of all types of lead batteries and a large part of Li-Io batteries.  

- For the needs of continuous power supply at BC Užljebić, a diesel generator with a nominal power of 4.5 kW 
was installed.  
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Photovoltaic off-grid hybrid system with batteries and diesel generator for power supply at the 
border crossing Užljebić  

Figure  10. AC/DC Eclosure 

- Power and control diagram for the complete system are shown in Figures 10 and 11. 
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Photovoltaic off-grid hybrid system with batteries and diesel generator for power supply at the 
border crossing Užljebić  

Figure  11. AC/DC Enclosure and distribution box for automatic start of diesel generator 
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Conclusion 

- One of the most important renewable energy sources is the Sun, which has great potential in 
energy use and contributes to environmental protection.  

- Due to the geographical position of the BC Užljebić, which does not have access to the utility 
grid, a PV hybrid off-grid system was built, consisting of PV panels, batteries and diesel 
generators. A PV off-grid system with a Storage inverter (inverter-charger) is built here.  

- In these systems, the consumer consumes the energy produced from the PV panels, and the 
rest of the energy is stored through the Storage inverter in the batteries.  

- In  case of less electricity production from the PV panel in relation to consumption, Storage 
inverters inject energy stored in batteries into the system.  

- In case there is no energy from solar panels or enough stored energy in batteries, a diesel 
generator is used as an alternate source of energy.  


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12

