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1. Introduction 

Energy consumption is constantly increasing since the global population rises and due to 
the development of industrial sectors, leaving fossil fuel reserves depleted and climate 
change seriously impacted. Fossil fuels are still dominantly employed for energy harvesting, 
but finite supply and numerous problems with energy exploitation imply that new solutions 
have to be incorporated in the energy production process. 

Not only that fossil fuels reserves are limited, harder to locate and expensive to transport, 
but their negative influence on the environment requires active participation in increasing 
energy efficiency, finding and exploiting of alternate energy sources. The prediction of the 
finite energy reserves for coal, gas and oil, the most exploited fossil fuels [1], is given in 
Figure 1.1.  

 

Figure 1.1 The prediction of fossil fuel energy reserves [1]. 

One of the biggest issues associated with the combustion of fossil fuels is carbon 
emission. In Figure 1.2 carbon dioxide (CO2) emission by a specific type of fossil fuel is 
given [2]. It can be seen that industrial and economic growth in the last century has 
contributed to a significant increase in CO2 concentration.  
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Figure 1.2 Carbon dioxide (CO2) emission by a specific type of fossil fuel [2]. 

Carbon dioxide is a major greenhouse gas and thus extremely contributes to global 
warming, climate change and ocean acidification. Carbon dioxide concentration in the 
atmosphere has risen about 43% since the beginning of the industrial revolution in the mid-
eighteenth century – half of that since 1980 [3]. In the high economic growth case, world 
CO2 emissions increase at an average rate of 1.8% annually from 2006 to 2030, as 
compared with 1.4% in the reference case. For the OECD countries, the projected average 
increase in the high growth case is 0.6% per year, for the non-OECD countries, the average 
is 2.6% per year. In the low growth case, world CO2 emissions increase by 1.0% per year 
from 2006 to 2030, with averages of 0.1% per year for the OECD countries and 1.8% per 
year for the non-OECD countries. In 2030, total energy-related CO2 emissions worldwide 
range from a projected 36,930 Mt in the low growth case to 44,108 Mt in the high growth 
case, which is 19.4% higher than projected in the low growth case [4]. Figure 1.3 predicts 
CO2 emission based on different scenarios [2]: 

 No climate policies: projected future emissions if no climate policies were 
implemented; this would result in an estimated 4.1-4.8°C warming by 2100 (relative 
to pre-industrial temperatures); 

 Current climate policies: projected warming of 3.1-3.7°C by 2100 based on currently 
implemented climate policies; 

 National pledges: if all countries achieve their current targets/pledges set within the 
Paris climate agreement, it’s estimated average warming by 2100 will be 2.6-3.2°C. 
This will go well beyond the overall target of the Paris Agreement to keep warming 
“well below 2°C”; 
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 2°C consistent: there is a range of emissions pathways that would be compatible with 
limiting average warming to 2°C by 2100. This would require a significant increase in 
the ambition of the current pledges within the Paris Agreement; 

 1.5°C consistent: there is a range of emissions pathways that would be compatible 
with limiting average warming to 1.5°C by 2100. However, all would require a very 
urgent and rapid reduction in global greenhouse gas emissions. 

 

Figure 1.3 The prediction of the CO2 emission based on different scenarios [2]. 

According to the HCWH (Health Care Without Harm) Europe climate report published in Dec 
2016 [5], the health sector is a major emitter of greenhouse gasses. For example, in 2012, 
the total carbon footprint of England’s public healthcare sector was 32 million tons of carbon 
dioxide equivalents (CO2 equivalent refers to a combination of harmful greenhouse gases, 
not just carbon dioxide), accounting for 38% of public sector emissions in England. This 
serves to illustrate how the healthcare sector is contributing an enormous amount of harmful 
emissions, which in turn undermines the health of the same population the sector is meant 
to heal. 

Based on these prognoses, it is clear that is necessary to implement a number of CO2 
restriction measures in order to achieve a decrease in the CO2 concentration. One of the 
measures that can be taken is to increase the reduction of the used energy, for example, 
with the investment in new equipment that is more energy efficient. Another one is to use 
alternative energy sources that contribute less to greenhouse gas emissions. 

Nowadays, higher energy efficiency is obtained using power electronics. Power electronic 
devices are present in almost every part of the power system since they enable the 
conversion of electric power and are used to control power flow and voltage. Power 
electronic devices are fast and reliable, can provide better power quality and add new 
functionalities and flexibility to the grid. Without them, the integration of renewable energy 
sources into the traditional power network could not be possible. Renewables use 



 

 

 
20 

technologies that are safe, reliable, affordable and widely available. In order to utilize the 
best resource locations, many renewable generators have to be located far from existing 
load canters which leads towards the expansion and decentralization of the power system. 

In the last decade, the investment in renewables has drastically increased, which is 
depicted in Figure 1.4 (large hydropower is not included) [6]. These trends suggest that 
investors see solar and wind energy as the dominant renewable technologies of the future. 
The share of renewable energy in the power sector would increase from 25% in 2017 to 
85% by 2050, mostly through growth in solar and wind power generation [7].  

 

Figure 1.4 Investment in different renewable energy technologies [6]. 

Renewable energy technology should result in less global warming, improved public 
health through a reduction of air and water pollution, stable electricity price and contribute 
to the reliability and resilience of the grid. In addition, unlike fossil fuels, energy sources used 
by renewables are inexhaustible. Therefore, EIA (U.S. Energy Information Administration) 
projects that renewables will provide nearly half of world electricity by 2050, which is 
depicted in Figure 1.5 [8]. 
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Figure 1.5 World net electricity generation [8]. 

Energy storage systems, such as batteries, supercapacitors, flywheels, thermal storages, 
etc., play a critical role in the transition of the global energy system toward 100% 
renewables. As the shares of solar photovoltaics and wind energy are going to increase 
significantly beyond 2030, the role of storage is crucial in providing an uninterrupted energy 
supply. 

Following the CO2 reduction tendency, vehicles that run on fossil fuels should be replaced 
with electric-powered vehicles. Although currently electric vehicles are more expensive than 
gasoline-powered vehicles, with time, the running or operating costs of an electric vehicle 
may be lower than a traditional car (as a result of efficiency gains and lower cost of electricity 
relative to liquid fuel), so we will begin to get some economic return on our initial investment. 

The reduction of greenhouse gasses would help in the decrease in environmental 
pollution that has become a severe problem. Another measure that can be taken is waste 
management – a series of actions that aim to reduce the generation and promote the reuse 
and recycling of solid and hazardous waste. Another benefit that can be obtained is energy 
recovery. Energy recovery from waste is the conversion of non-recyclable waste materials 
into usable heat, electricity, or fuel.  

Energy efficiency can be increased by reducing the energy consumption of public 
buildings. This results in substantial energy savings and therefore less usage of fossil fuels. 
This strategy is recognized and adopted by a number of countries worldwide. A zero-energy 
building would be a preeminent goal. Of course, this is not possible without the renewables 
which should cover a part of energy necessities. In order to monitor and control the energy 
consumption of buildings, Building Energy Management Systems (BEMS) are crucial. BEMS 
provide real-time remote monitoring and integrated control of a wide range of connected 
systems, allowing modes of operation, energy use, environmental conditions and so on to 
be monitored and allowing to optimize performance and comfort. To function correctly they 
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must be properly designed, installed and commissioned and must have a user interface that 
is easy to operate.  

These issues are addressed in various laws and directives in both Republic of Croatia 
and Republic of Serbia. As a candidate country to become a member state of the European 
Union, Republic of Serbia should harmonize its laws with the EU, i.e. with EU directives on 
energy efficiency, where some steps have already been taken. The Energy Efficiency 
Directive 2012/27/EU is pursuing the overall objective of the energy efficiency target of 
saving 20% of the Union’s primary energy consumption by 2020, and of making further 
energy efficiency improvements after 2020 [9]. The amending directive (2018/2002) [10] was 
agreed to update the policy framework to 2030 and beyond. The key element of the 
amended directive is an energy efficiency target for 2030 of at least 32.5%. The directive 
allows for a possible upward revision in the target in 2023, in case of substantial cost 
reductions due to economic or technological developments. It also includes an extension to 
the energy savings obligation in end-use, introduced in the 2012 directive. Under the 
amending directive, EU countries will have to achieve new energy savings of 0.8% each 
year of final energy consumption for the 2021-2030 period. Another important directive is 
Directive 2010/31/EU on the energy performance of buildings [11]. This directive introduces 
a framework for improving the energy efficiency of buildings and proposes a plan in which 
all new buildings are nearly zero-energy buildings by 31 December 2020. 

Regarding the abovementioned, it is clear how important is to invest in and implement 
new technologies that enable higher energy efficiency and thus reduce the impact on climate 
change and provide energy savings. In order to achieve this, it is necessary to analyse the 
energy performance profile and determine which elements are critical. This document 
provides an overview of the configuration of the planned renewable energy systems, 
realised building energy management systems and it possibilities. 

This document compromises the following sections: 

 the second section offers insight into the main geographical, meteorological and other 
features of the public buildings for the exemplary facilities; 

 the third section examines current energy demand for the exemplary facilities; 

 the fourth section investigates the potential for utilization of renewable energy; 

 the fifth section described planned optimal renewable energy system topology and 
building energy management system for the exemplary facilities; 

 the sixth section gives an overview of installed renewable energy systems for the 
exemplary facilities; 

 the seventh section gives an overview of building energy management systems for 
the exemplary facilities. 
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2. The main features of the locations and the buildings for the 

exemplary facilities 

2.1. Buildings for the exemplary facilities 

2.1.1. FTN buildings 

“Mašinski institut” facility is located within the campus of the University of Novi Sad and 
represents one of the nine buildings of the Faculty of Technical Sciences. The facility is 
located in the South Bačka District, which is one of seven administrative districts of the 
autonomous province of Vojvodina, Serbia. “Mašinski institut” is located in Liman I, part of 
the city of Novi Sad, at Vladimir Perić Street No. 2. The geographical coordinates of the 
facility are north latitude 45° 14' 44.82" and east longitude 19° 51' 01.59", as shown in Figure 
2.1 (source: google.com/maps). 

 

Figure 2.1 Location of “Mašinski institut” facility. 

“Mašinski institut” consists of a two-story building equipped with laboratories, with a total 
area of 7225 m2. The facility is divided into 98 offices, 42 laboratories, 9 computer 
laboratories and 24 classrooms. The main entrance to the building, as well as part of the 
building with laboratories and classrooms, are given in Figure 2.2 and Figure 2.3, 
respectively. 
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Figure 2.2 The main entrance to “Mašinski institut”. 

 

Figure 2.3 Part of “Mašinski institut” with laboratories for scientific research. 

2.1.2. KCV buildings 

Clinical Center of Vojvodina (hereinafter KCV) is hospital complex offering the tertiary 
level medical services to patients of the Vojvodina province. Additionally, it is the only 
emergency center and inpatient hospital for the region of South Backa. It is located in the 
city of Novi Sad, more precisely in Hajduk Veljkova No. 1-9 Street. Figure 2.4 shows the 
geographical arrangement of the facilities inside KCV complex.  
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Figure 2.4 Facilities in the KCV complex 

The KCV complex consists of 26 different facilities, which are dedicated to different 
purposes ranging from medical care and rehabilitation to education and medical training. 
Facilities that are of interest for this study are Medical Center for Rehabilitation, Radiology 
clinic and Emergency center.  

The Medical Rehabilitation Clinic, shown in Figure 2.5 is an institution of national 
importance since it employs a high number of medical professionals that use the latest 
medical methodologies for treating sick or injured patients with threatening or temporary 
disabilities.  

The Radiology Center (Radiology Clinic), shown in Figure 2.6 is one of the most 
significant institutions of this kind in Serbia and region. With few dozens of employed 
specialists and subspecialists as well as modern equipment, this facility offers services in 
the field of diagnostic and interventional radiology.  
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Figure 2.5 Medical Rehabilitation Clinic inside KCV complex 

 

Figure 2.6 Radiology Clinic inside KCV complex 

The Emergency Center facility, shown in Figure 2.7, is one of the most advanced facilities 
of this kind in the Republic of Serbia and region. With modern medical equipment and highly 
competent medical personal, it offers high quality medical care in accordance with the most 
recent medical standards. It incorporates surgical and non-surgical blocks, diagnostic and 
emergency blocks, which enables rapid response in patient treatment.   
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Figure 2.7 Emergency Center facility inside KCV complex 

2.1.3. FERIT buildings 

Faculty of Electrical Engineering, Computer Science and Information Technology 
occupies two buildings, first in the street Kneza Trpimira 2B and second in campus of Josip 
Juraj Strossmayer University of Osijek (Cara Hadrijana 10B). Faculty buildings are located 
in city of Osijek in Slavonia-Baranja County. Geographical locations of buildings are North 
latitude 45° 33’ 24.82’’, East longitude 18° 41’ 44.24’’ for building in Trpimirova street and 
North latitude 45° 33’ 23.88’’, East longitude 18° 42’ 42.85’’ for building in Cara Hadrijana 
street.  

Faculty building in Trpimirova street is located at k.č.br. 5985/9, K.O. Osijek, as shown in 
situation in Figure 2.8 Near the faculty building, Student Center, high school center and 
recreational center are located while few blocks away, old town of Osijek - fortress Tvrđa 
(citadel) is situated. Faculty building in Cara Hadrijana street is located at k.č.br. 6660/1, k.o. 
Osijek, as shown in situation in Figure 2.9. Faculty building is a part of Josip Juraj 
Strossmayer University of Osijek campus alongside few other faculties. Near the building, 
Clinical Hospital Center Osijek is situated. 
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Figure 2.8 Location of Faculty of Electrical Engineering, Computer Science and 
Information Technology Osijek building in Trpimirova street [12]. 

 

Figure 2.9 Location of Faculty of Electrical Engineering, Computer Science and 
Information Technology Osijek building in Cara Hadrijana street [12]. 

Both Faculty buildings are a three-story building equipped with offices, classrooms and 
laboratories. Besides that, building in Cara Hadrijana has basement floor while building in 
Trpimirova does not. Totally, both Faculty buildings are equipped with 27 laboratories, of 
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which 9 computer laboratories, 18 classrooms and 52 offices. Total area of Faculty building 
in Trpimirova is 4500 m2 while for the building in Cara Hadrijana street is 3700 m2. Figure 
2.10 and Figure 2.11 show main entrance to the Trpimirova street and Cara Hadrijana street 
buildings. 

 

Figure 2.10 The main entrance to the building in Trpimirova street. 

 

Figure 2.11 The main entrance to the building in Cara Hadrijana street. 

2.1.4. KBCO buildings 
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Clinical Hospital Center Osijek (KBCO) started operation as a Clinical Hospital Osijek in 
1874. During 20th century, hospital experiences massive expansion in spatial and personnel 
view. At the end of the 20th century, hospital turns into clincal-hospital center we know today. 
Currently, medically speaking, KBCO includes 26 organisational units, 17 clinics, 7 
departments and 1 emergency center and 2 general purpose medical units (hospital 
pharmacy and central ordering). 

KBCO occupies multiple locations in city of Osijek and its surroundings. KBCO functions 
in major clinical-hospital complex in Huttler street, Department of Eye Diseases which 
occupies 2 smaller facilities in Europske Avenije street and Department of Physical Medicine 
and Rehabilitation which occupies complex of building in Bizovac near Osijek. This study 
will focus only on clinical-hospital complex of buildings at the address Josipa Huttlera 4, 
Osijek. KBCO complex in Huttler street is located in the eastern part of Osijek in Slavonia-
Baranja County. Geographical location of the complex is North latitude 45° 33’ 19.79’’, East 
longitude 18° 42’ 45.5’’. 

KBCO complex in Huttler street is located on multiple cadastral parcels as shown in 
Figure 2.12. Near the complex, Josip Juraj Strossmayer University of Osijek campus is 
located, as well as building of the Faculty of Electrical Engineering, Computer Science and 
Information Technology Osijek in Cara Hadrijana street. 

In this study, building on which renewable energy systems will be installed will be in focus. 
These buildings represent central kitchen (red squared in Figure 2.12), building of 
Department of Oncology (blue squared in Figure 2.12) and building of Department of 
Diagnostical and Interventional Radiology (green squared in Figure 2.12). 
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Figure 2.12 Location of KBCO complex in Huttler street [12]. 

Central kitchen is general-purpose facility used for preparation of food and diets of KBCO 
users. North side of the building in given in Figure 2.13. 

The Department of Radiology and Oncology was established in 1932. The present 
building began to be built in 1968 and was commissioned in 1970 under the name 
"Department of Radiology and Oncology". At the end of 1973, the department was divided 
into: Department of Radiodiagnosis and Department of Oncology and Radiotherapy. Prior 
to becoming independent, the department integrated its activities in both the diagnostic 
treatment of patients and the implementation of therapeutic procedures in accordance with 
available equipment. By dividing the department into the diagnostic and therapeutic part, 
the equipment is rebuilt to extend the range of diagnostic procedures (ultrasound, computer 
tomography, magnetic resonance imaging, mammograms and specific therapeutic devices: 
CO bomb, linear accelerator, simulators for planning treatment procedures). West side of 
the building of Department of Oncology is given in Figure 2.14, while north side of the 
building of Department of Diagnostical and Interventional Radiology is given in Figure 2.15. 
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Figure 2.13 North side of the central kitchen building.  

 

Figure 2.14 West side of the building of Department of Oncology. 
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Figure 2.15 North side of the building of Department of Diagnostical Interventional 
Radiology 

 

2.1.5. UNISB building 

The Mechanical Engineering Faculty in Slavonski Brod is a part of the University of 
Slavonski Brod. The Faculty is located at the Brodsko-Posavska County which is one of 20 
counties in Croatia.  Brodsko-Posavska County is located in the South of Slavonija Region 
which is one (East) of 5 Croatia’s Non-Administrative regions. The analyzed facility of 
Faculty is located at Ivan Gundulić Street No. 20a. The geographical coordinates of the 
building are north latitude 45° 9' 18.73" and east longitude 18° 1' 19.54", as shown in Figure 
2.16. 
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Figure 2.16 Location of the Mechanical Engineering Faculty building [12] 

The facility of Faculty is located at k.č.br. 3254/1, K.O. Slavonski Brod, as shown in the 
situational plan given in Figure 2.17. Near the facility is a facility of Pedagogical Faculty in 
Slavonski Brod. 

 

 

 

 

 

 

Figure 2.17 Situational plan of the Mechanical Engineering Faculty facility [12] 

The building of Faculty is equipped with laboratories, with a total area of 1404 m2. The 
facility is divided into 22 offices, 4 laboratories, 4 computer laboratories and 2 classrooms. 
The main entrance to the building, part of the building with laboratories and classrooms, as 
well as the roof of the Mechanical Engineering Faculty facility, where the photovoltaic power 
plant is located and installed thermo-technical devices in front of the building given in the 
figures below (Figure 2.18, Figure 2.19, Figure 2.20). 
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Figure 2.18 The main entrance to facility II of Mechanical Engineering Faculty 

 

Figure 2.19 Part of Mechanical Engineering Faculty with parking area and installed 
solar thermal and heat pump`s systems 

 

Figure 2.20 Part of Mechanical Engineering Faculty with classrooms and offices where the 
thermo-technical (solar thermal and heat pumps) system and photovoltaic power plant are 

installed 
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2.2. Climate conditions in the surrounding area 

2.2.1. FTN and KCV climate conditions 

Moderately continental climate characterized by cold winters and warm summers and 
continental climate with well-distributed rainfall is changing in the territory of Vojvodina. 
During the autumn and winter, there is a chance of an endemic strong and cold wind 
(“košava”), which lasts three to ten days and can cause some damage during heavy 
snowfall. Figure 2.21 shows the rose wind for Novi Sad, from which it is possible to recognize 
that the dominant wind in this area is the Košava, which blows from the east-southeast and 
west-northwest. 

 

Figure 2.21  Rose wind for Novi Sad. 

Table 2.1 shows the mean values of monthly, annual and extreme values of climatological 
values in the period from 1981 to 2010 (according to data of the Republic Hydro-
meteorological Institute). Novi Sad is at an average altitude of 80 m, with an average 
temperature of 11.4 ̊C during the year, and with an average temperature of 0.2 ̊C in January 
and 21.9 ̊C in July. The lowest measured temperature was -27.6 ̊C, while the highest 
measured temperature was 41.6 ̊C. The annual average rainfall is 647.3 mm and the 
average number of days with snow cover is 39. The average amount of solar radiation during 
the year on an area of 1 square meter is 129.2 kWh/m2. 

Table 2.1 The mean values of monthly, annual and extreme values of climatological values 
for Novi Sad (Rimski Šančevi - 45°20 and 19°51Е, n. v. 84 m)  

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Year 

 Temperature [ ̊C] 

Mean maximum value 3.7 6.1 12.0 17.7 23.0 25.8 28.1 28.3 23.6 18.0 10.5 4.8 16.8 

Mean minimum value -3.1 -2.4 1.5 6.2 11.3 14.1 15.5 15.3 11.4 6.9 2.2 -1.5 6.5 

Normal value 0.2 1.6 6.4 11.8 17.3 20.1 21.9 21.6 16.9 11.8 5.9 1.5 11.4 

Absolute maximum 18.7 22.3 28.3 30.8 34.0 37.6 41.6 40.0 37.4 29.2 25.0 21.0 41.6 

Absolute minimum -27.6 -24.2 -19.9 -6.2 1.8 4.8 7.5 7.0 2.5 -6.2 -13.8 -24 -27.6 
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Mean number of frost days 22 18 10 2 0 0 0 0 0 2 9 18 81 

Mean number of tropical 
days 

0 0 0 0 1 6 11 11 2 0 0 0 32 

Average relative 

moisture [%] 
85 79 71 67 66 69 68 68 72 76 82 86 74 

Hours of daily light 

Average 64.8 99.0 156.4 190.1 250.8 269.4 303.6 285.8 205.7 158.9 92.4 58.4 2135 

Number of clear days 3 5 5 5 5 6 11 12 9 8 4 3 75 

Number of cloudy days 14 10 9 7 5 5 3 3 5 6 11 15 94 

Radiation [kWh/m2] 53.1 71.8 131 161 173 180 201 198 146 113 76.3 45.9 129.2 

Precipitation [mm/m2] 

Mean monthly sum 39.1 31.4 42.5 49.2 63.0 91.4 64.3 57.5 53.8 52.7 53.8 48.8 647.3 

Maximum daily sum 31.8 23.2 32.6 40.2 91.8 67.6 68.7 68.0 48.8 59.0 54.9 37.6 91.8 

Mean number of days >=0,1 
mm/m2 

12 10 11 12 13 12 10 9 10 9 11 13 132 

Mean number of days >=10 
mm/m2 

1 1 1 1 2 3 2 2 2 2 2 1 20 

Number of days with snow 13 10 3 0 0 0 0 0 0 0 3 9 39 

 

2.2.2. FERIT and KBCO climate conditions 

Continental Croatia is characterized by temperate continental climate and throughout the 
whole year it is marked by very variable atmospheric conditions because of circulation zone 
of mid-latitudes. Main feature of the climate is a diversity of weather situations with intense 
and frequent interchanges during the year caused by low or high air pressure moving 
complexes, usually like vortices hundreds and thousands of kilometers in diameter. 
Furthermore, continental Croatia climate is also modified by the Mediterranean maritime 
influence, which weakens by distancing towards the east. The next, more local than regional, 
factor that influences the climate is orography which, on the windward side of the orographic 
obstacle, makes easier the amplification of short-term heavy precipitation while on the 
leeward side generates appearance of precipitation shadow. Finally, these conditions also 
depend on the current season [13]. 

Stationary anticyclonic weather types with low clouds or fog and a very gentle air flow are 
beneficial for frost occurrence during the winter. On contrary, fast-moving cyclonic weather 
types (cyclone and trough) in spring result in frequent and unforeseen weather changes, 
varying from cold to warm, calm to windy or dry to rainy periods. During summer, small air 
pressure gradient results in a cooling night breeze blowing down mountain slopes 
interrupted by cold fronts passing through bringing fresh Atlantic air. Consequently, this 
results in strong air mixing, increased wind, thunder and showers from dense clouds with 
vertical development. Autumn is distinguished by intervals of calm anticyclonic weather, but 
there are also rainy days caused by passing cyclones. Autumn starts with warm and sunny 
days and fresh nights with much dew and low fog while at the ending conditions transform 
to cold, foggy, and gloomy [13]. 
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Crucial source of information for Croatia’s wind energy potential estimation is the wind 
atlas. Maps given in Figure 2.22 an Figure 2.23 show average wind speed (m/s) and mean 
wind power density (W/m²) maps at 10 m and 80 m above ground. Given maps are a result 
of atmospheric numerical model and represent an average value in a grid cell of 2 km x 2 
km [14]. 

 

e 

Figure 2.22 – Mean annual wind speed in Croatia (m/s) [14]. 
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Figure 2.23 Mean annual power density in Croatia (W/m2) [14]. 
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Table 2.2 shows monthly mean and extreme values of climatological parameters in the 
period from 1999 to 2018 (according to data of the Croatian Meteorological and Hydrological 
Service). Osijek is at an average altitude of 90 m, with an average temperature of 11 ̊C 
during the year, and with an average temperature of -0.6 ̊C in January and 21.7 ̊C in July. 
The lowest measured temperature was -27.1 ̊C in July, while the highest measured 
temperature was 40.3 ̊C in August and September. The total annual average rainfall is 
692.9 mm and the average number of days with snow cover is 23. 

Table 2.2 Monthly mean and extreme values of climatological parameters for Osijek [15]. 

 
Ja

n 
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r 
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r 
Ma

y 
Ju

n 
Jul 
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g 
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pt 

Oc
t 

No
v 

De
c 

Temperature [°C] 

Mean 
-

0.6 
1.3 6.3 

11.
6 

16.
6 

19.
8 

21.
7 

20.
9 

16.
7 

11.
3 

5.8 1.3 

Absolute 
maximum 

19 23 
26.

9 
30.

9 
36 

39.
6 

40.
3 

40.
3 

37.
4 

30.
5 

25.
8 

21.
3 

Absolute 
minimum 

-
27.1 

-
26.4 

-
21.0 

-
6.8 

-
3.0 

1.0 4.7 5.1 
-

1.2 
-

8.6 
-

15.7 
-

23.2 

Daylight hours [h] 

Total 59.
7 

86.
3 

14
2.9 

18
2.1 

22
6.5 

24
7.1 

27
6.3 

26
1.6 

19
1.8 

15
0.4 

75.
1 

52.
0 

Rainfall 

Volume [mm] 45.
4 

42.
7 

45.
7 

57.
8 

70.
3 

82.
4 

61.
3 

58.
8 

55.
5 

59.
5 

59.
8 

53.
7 

Maximum snow 
height [m] 52 93 49 22 - - - - - - 40 60 

Number of days 

Clear 3 4 5 5 5 6 9 11 9 7 3 2 

Foggy 6 4 2 1 0 0 1 1 2 4 6 7 

Rainy 7 7 10 12 13 12 10 9 9 10 11 10 

With frost 7 7 7 2 0 0 0 0 0 3 6 8 

With snow 6 6 3 1 0 0 0 0 0 0 2 5 

Icy day 
(tmin ≤ -10°C) 4 3 0 0 0 0 0 0 0 0 0 2 

Frosty day 
(tmin < 0°C) 

9 4 1 0 0 0 0 0 0 0 1 6 

Cold day 
(tmin < 0°C) 23 18 11 2 0 0 0 0 0 2 8 19 
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Warm day 
(tmax ≥ 25°C) 0 0 0 2 11 18 24 23 12 2 0 0 

Hot day 
(tmax ≥ 30°C) 

0 0 0 0 2 6 11 10 3 0 0 0 

 

2.2.3. UNISB climate conditions 

UNISB has a very similar climate conditions to Osijek because of its geographical 
proximity described in section 2.2.2. Comparison to the average for the 1963 – 2018 period 
in Slavonski Brod (according to data of the Croatian Meteorological and Hydrological 
Service). The average values of climatic parameters, climate normals, give an insight into 
the climatic characteristics of the area. By comparing climatic parameters for different 30-
year periods, one can gain insight into the climatic conditions of an area or their variability 
can be an indication of climate change. In Table 2.3 are shown average values of climatic 
parameters while Figure 2.24 shows comparison of air temperature to the average for the 
period od 1963 to 2018 in Slavonski Brod. 

 

Table 2.3 – Average values of climatic parameters for Slavonski Brod 
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Figure 2.24 Comparison of air temperature to the average for the 1963 – 2018 period in 
Slavonski Brod 
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Figure 2.25 show months insolation duration (h) for last 4 years comparison with average 
monthly duration in 1961. – 1990. period for Slavonski Brod. 

 

    

    

    

    

Figure 2.25 Insolation duration (h) in Slavonski Brod



 

 

 

44 

3. Current energy demand overview for the public building 

In order to implement different strategies for the increase of energy efficiency, it is 
necessary to analyze the electrical installation infrastructure of the object, as well as 
existent power supply units and the consumption of electrical energy in the exemplary 
objects. 

3.1. FTN buildings power supply and energy demand 

“Mašinski institut” is supplied from the transformer station located within the object. 
The transformer station is placed in the ground level of the object, near the main entrance, 
in a hallway on the right side of the building called the “G” sector. The transformer station 
is called “TS Mašinski fakultet” and a three-phase oil transformer with a nominal power of 
630 kVA, a turn ratio of 10/0.4 kV/kV and a Yy0 transformer connection was used for the 
object power supply.  

Aluminum cable with the 3x150 mm2 cross-section was used as a high-voltage cable. 
On the low-voltage side copper busbar 3x(2x80x5) + 1x(80x5) mm2 was used. The main 
circuit breaker is set to the nominal value of the 1250 A. Single line diagram of the 
transformer station is illustrated in Figure 3.1. 
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Figure 3.1 Transformer station single line diagram. 

Table 3.1 shows all outgoing feeders on the low-voltage side of the transformer, 
together with the cross-sections of the cable lines. These feeders are used to supply 
different blocks of the “Mašinski institut”. The low-voltage side of the transformer is 
constituted from five cells and the main circuit breaker with the nominal current 1250 A is 
placed in the first cell. 

In the second cell, five feeders are located and three of them have a reserve function. 
Feeders RB-2 and RB-3 are connected to the circuit breaker with nominal current 320 A 
and cable type PP00-Y 4x185mm2 is used. Feeder RB-10-D has reserve function and is 
supplied with the PP00-Y 4x150mm2 cable. Two more feeders have the same function 
and one is supplied from the 320 A circuit breaker, while the other is supplied from the 
contactor.  

In the third cell, five outgoing feeders, supplied from the circuit breakers with nominal 
current 320 A, are located. For the feeder RB-10-L cable type PP00-Y 4x150mm2  was 
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used and for the feeders RB-1 and RB-4 the type PP00-Y 4x185mm2 was employed. Two 
remaining feeders withe the cable type PP00-Y 4x150mm2 are used as a reserve. 

In the fourth cell, there are eight feeders and only one is used as a reserve. For the 
reserve feeder, as a protective element, fuse with nominal current 200 A and gG 
characteristics is used. The second feeder is protected with fuse with nominal current 100 
A and gG characteristics and the used cable type is PP00-Y 4x50mm2. The fuse with 
current 200 A and gG characteristic and cable PP00-Y 4x185mm2 were used for the third 
feeder and for the fourth feeder 35 A, gG fuse and cable PP00-Y 4x16mm2. The fifth and 
sixth feeder are protected with 200 A, gG fuse and the used cable type is NAYY-J 
4x50mm2. The same fuse was used for the protection of the seventh feeder, but here the 
cable type is NAYY-J 4x70mm2. The fifth cell is the reserve. 

Table 3.1 An overview of the feeders located on the low-voltage side of the transformer 
station. 

Cell Breaker mark 
Nominal breaker 

current [A] 
Cable type Note 

2 RB-10-D Breaker not installed PP00-Y 4x150mm2 Reserve 

2 RB-2 320 PP00-Y 4x185mm2  

2 RB-5 320 PP00-Y 4x185mm2  

2 - 320 PP00-Y 4x150mm2 Reserve 

2 - Breaker not installed  Reserve 

3 RB-10-L 320 PP00-Y 4x150mm2  

3 RB-1 320 PP00-Y 4x185mm2  

3 RB-4 320 PP00-Y 4x185mm2  

3 - 320 PP00-Y 4x150mm2 Reserve 

3 - 320 PP00-Y 4x150mm2 Reserve 

4 - 200A gG PP00-Y 4x185mm2 Feeder 1 - Reserve 

4 - 100 A gG PP00-Y 4x50mm2 Feeder 2 

4 - 200A gG PP00-Y 4x185mm2 Feeder 3 

4 - 35A gG PP00-Y 4x16mm2 Feeder 4 

4 - 200A gG NAYY-J 4x50mm2 Feeder 5 

4 - 200A gG NAYY-J 4x50mm2 Feeder 6 

4 - 200A gG N2XH-J 4x70mm2 Feeder 7 

5 -   Feeder 8 - Reserve 

 

All active feeders are employed to supply different areas in the “Mašinski institut” (such 
as laboratories, teaching rooms, offices, etc.) through the distribution cabinets placed in 
the various locations in the object. Regarding the installation time and maintenance of the 
distribution cabinets, different conditions of the cabinets were noticed during the visual 
inspection of the object. Some cabinets completely lost functionality and became 
inefficient and thus represent a danger for both the users and the equipment. 
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To address appropriate measures for the enhancement of energy efficiency, it is 
necessary to analyze the energy consumption in the exemplary object. A detailed analysis 
is given for the period from January 2018 to December 2018.  

Table 3.12 shows an overview of the power energy consumption from January 2018 
to December 2018. 

Table 3.2 Electrical energy consumption in the “Mašinski institut” during 2018. 

 
Consumption 
in higher tariff 

[kWh] 

Consumption 
in lower tariff 

[kWh] 

Total 
consumption 

[MWh] 

Total energy 
cost [RSD] 

Total cost 
with taxis 

without VAT 
[RSD] 

Total cost 
[RSD] 

Jan 2018 25,442.4 7,366.4 32.809 171,580.95 276,429.79 331,715.75 

Feb 2018 21,521.6 5,973.6 27.495 144,201.81 240,571.87 288,686.24 

Mar 2018 29,407.0 8,091.0 37.498 211,150.76 324,373.94 389,248.73 

Apr 2018 27,434.0 6,653.0 34.087 193,501.91 302,708.14 363,249.77 

May 2018 34,020.0 6,536.0 40.556 233,287.24 353,784.49 424,541.39 

Jun 2018 35,978.0 5,747.0 41.725 242,181.41 366,443.76 439,732.51 

Jul 2018 24,285.0 5,614.0 29.899 170,219.81 272,310.88 326,773.06 

Avg 2018 28,278.0 7,498.0 35.776 201,945.80 313,364.77 376,037.72 

Sep 2018 23,552.0 6,725.0 30.277 170,062.97 272,469.86 326,963.84 

Oct 2018 30,208.0 7,613.0 37.821 273,839.66 393,852.96 472,623.55 

Nov 2018 26,482.0 7,491.0 33.973 244,164.42 355,571.26 426,685.51 

Dec 2018 29,142.0 6,497.0 35.639 259,922.54 375,589.15 450,706.98 

Total 335,750.0 81,805.0 417.555 2,516,059.28 3,847,470.88 4,616,965.06 

 
Table 3.12 shows the trend of energy consumption increase, especially during the winter 

period when additional heating is needed and also during the summer when additional 

cooling is needed. Slight consumption decline is visible during January and February, 
during the examination period, when no teaching is arranged, and also in July, August 

and September when there are no curricular activities in the Faculty during the vacation 

period. In Figure 3.17 energy consumption per month, expressed in MWh, in the period 

from January 2018 to December 2018.  
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Figure 3.2 Electrical energy consumption per month in the “Mašinski institut” during 
2018. 

It can be seen that the highest energy consumption was in June. This is probably 
because the weather conditions lead to the substantial use of air-conditioning systems. 
During July, the consumption was the somewhat lower since most of the employees 
started to take their vacation in this period. During the winter, the highest consumption 
was in December since the semester was ongoing. Moreover, in this period, additional 
heating devices were employed since temperatures were low. The lowest consumption 
was in February, when there are no teaching activities. Also, the average temperature for 
this month was higher than usually. 

The thermal infrastructure of the “Mašinski institut” is connected to the district heating 
system of the utility company “Novosadska toplana” through two heat substations with 
two separate meters. The main heating energy source is natural gas and delivered power 
is charged per kWh.  

In order to adequately investigate the thermal energy balance of the exemplary object, 
the analysis of the delivered heat energy in the period from January 2018 to December 
2018. This period includes the heating season, as well as the period when the heating is 
not activated. 

Total energy consumption per month, considering the period from January 2018 to 
December 2018 is given in Table 3.3. 

Table 3.3 Heat energy consumption for the “Mašinski institut” during 2018. 

Month 
Consumed energy 

1st substation 
[kWh] 

Consumed energy 
2nd substation 

[kWh] 

Total 
consumption 
1st + 2nd [kWh] 

Total cost 
[RSD] 

Jan 2018 102,930.00 98,080.00 201,010.00 1,756,764.61 
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Feb 2018 86,620.00 84,190.00 170,810.00 1,582,027.41 

Mar 2018 88,120.00 86,180.00 174,300.00 1,602,220.55 

Apr 2018 42,580.00 43,660.00 86,240.00 1,092,705.39 

May 2018 0.00 0.00 0.00 593,720.75 

Jun 2018 0.00 0.00 0.00 593,720.75 

Jul 2018 0.00 0.00 0.00 593,720.75 

Aug 2018 0.00 0.00 0.00 593,720.75 

Sep 2018 0.00 0.00 0.00 593,720.75 

Oct 2018 9,920.00 14,800.00 24,720.00 736,750.67 

Nov 2018 39,950.00 40,070.00 80,020.00 1,005,003.28 

Dec 2018 79,630.00 76,590.00 156,220.00 1,415,721.28 

Total 449,750.00 443,570.00 893,320.00 12,159,796.98 

 
Figure 3.3 illustrates the heat energy consumption per month, during 2018. The chart 

shape is characteristic of the remotely controlled system that is active only during the 

heating season (October – April). It can be seen that the highest consumption is in 
January, when the outside temperature is very low, while there is no heat energy 

consumption during the summer. Therefore, during the summer only installed power is 

charged. 

 

Figure 3.3 Heat energy consumption per month in the “Mašinski institut” during 2018. 

 

3.2. KCV buildings power supply and energy demand 

The facility of the Medical Rehabilitation Clinic is powered by a transformer station 
located in the courtyard of the Clinical Center of Vojvodina. The transformer station is 
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located in a separate facility, near the Technical Services Department. The transformer 
station is called "TS Klinička Bolnica". The power supply of the facility in the transformer 
station was achieved by the use of two three-phase oil transformers with a power of 10/0.4 
kV / kV 630 kVA, and one three-phase oil transformer with a power of 10/0.4 kV / kV. 

The high voltage side consists of 7 fields, divided into two segments. The first segment 
consists of three fields, namely: “Trafo polje 1”, “Merna ćelija” and “Trafo polje 2”. The 
transformer boxes 1 and 2 have switchgear and protective equipment for the protection 
and manipulation of the on / off switch of the 630 kVA transformer. In the measuring cell, 
the equipment for measuring consumption of all facilities connected to the low voltage 
side of "TS Klinička Bolnica" is located. The second segment of the high voltage section 
consists of 4 fields (or cells). The first field represents the junction cell, and this cell 
represents the connection between the first and second segments of the high voltage 
section. It is equipped with appropriate switching and protection equipment. The second 
and third cells are identical and represent excerpts to the substations "TS Zagrebačka" 
and "TS Medicinski fakultet". They are also equipped with appropriate switching and 
protection equipment. The last, fourth cell is a classic transformer cell equipped with 
switchgear and protective equipment to protect and manipulate the on / off switch of a 
third 250 kVA transformer. In Figure Figure 3.4 a single-pole diagram of the high-voltage 
segment of the substation is shown. 

 

Figure 3.4 Single-pole diagram of the high-voltage segment of the substation 

The low voltage side of the substation consists of 5 fields (or cells) interconnected by 
copper bus bars. Table 3.4 gives an overview of the low-voltage side of the transformer 
station "TS Klinička Bolnica", as well as cross sections of the used low-voltage cable lines 
that supply certain objects. 

The first, third and fifth fields are identical and are made up of a group of main switches 
for the statements given in Table 3.4. The second and fourth fields represent transformers 
1 and transformers 2. The fields are equipped with main switches and measuring 
instruments.  
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In the event of a power failure by the electricity distribution system, the transformer 
station "TS Klinička Bolnica" is also connected to the diesel power unit, which assumes 
the role of electricity supply to the facilities connected to the said substation.  

Table 3.4 Overview of the low voltage side of the transformer station "TS Klinička 
Bolnica" 

Tap No. Clinics Cable type Current limiters 

1 Psychiatry Clinic 
PP00 4x120 mm2 3x200 A 

2 Clinic of Neurology 

3 Clinic for Nephrology 

PP00 4x150 mm2 3x250 A 
4 Gastroenterology Clinic 

5 Endocrinology Clinic 

6 Hematology Clinic 

7 Infectious Diseases Clinic PP00-A 4x(1x240) mm2 3x200 A 

8 Rehabilitation Clinic PP00 4x150 mm2 3x200 A 

9 Technical service 2xPP00 5x16 mm2 3x80 A 

10 Procurement + Garage Workshops PP00 4x150 mm2 3x250 A 

11 Department of Pathology PP00 4x35 mm2 3x100 A 

12 Boiler room PP00 4x120 mm2 3x160 A 

13 Part of outdoor lighting PP00 4x16 mm2 3x25 A 

14 CT on radiology PP00 4x150 mm2 3x250 A 

The facility in question has premises for different purposes, containing different types 
of consumers. One of the most important consumers of electricity, especially in offices 
and exam rooms, are computers, whereby around 50 units are in the facility.  

For cooling, ventilation and temperature control purposes, air conditioners are most 
commonly used in the premises of the facility, which can also be a major consumer of 
electricity (especially in periods when climatic conditions require longer operation). The 
object in question contains a total of 38 air conditioners of the latest generation and 8 air 
conditioners of the older design. The capacity of individual capacity of newer air 
conditioners is 9000 BTU, while for old air conditioners it was not possible to determine 
the capacity of capacity. The facility of the medical rehab clinic also has one central 
climate. Central climate is of special design and is located in the hydrotherapy room, 
where it is used to regulate the ventilation of the pool.  

In addition to the above-mentioned premises, the Medical Rehabilitation Clinic has 7 
kinesiotherapy rooms, 4 electrotherapy rooms and 2 occupational therapy rooms. 
Occupational therapy is part of a therapeutic-rehabilitation program and includes manual, 
creative, recreational, social, educational and other activities, with the aim of achieving a 
specific function, mental attitude or behavior in the patient. Kinesiotherapy is an area of 
physical therapy that deals with the application of movement for the purpose of healing, 
with the aim of establishing the optimal functioning of parts and the organism as a whole. 
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Electrotherapy represents the use of numerous modalities of electric current, which are 
obtained by means of modern electronic devices for therapeutic purposes.  

Kinesiotherapy and occupational therapy rooms, with the exception of air conditioning, 
are not equipped with significant electricity consumers. While electrotherapy rooms have 
special electronic devices used for therapeutic purposes.  

Significant consumers of electricity in the clinic's facility are water heaters, boilers and 
elevators for the transportation of persons and materials. The Medical Rehabilitation 
Clinic has 3 boilers with 80 l capacity of 2 kW, 2 boilers with capacity of 10 l with capacity 
of 2 kW and 2 lifts for transportation of patients and staff, as well as one small lift for 
transportation of materials.  

Figure 3.5 shows a graphical representation of electricity consumption by month for 
“TS Klinička Bolnica“, whereby the consumption is expressed in megawatt hours (MWh), 
from September 2018 to August 2019. 

 

Figure 3.5 Overview of the electrical energy consumption for “TS Klinička Bolnica“ 

The graphs clearly show that the highest electricity consumption is in July. The reason 
for this can be found in the fact that during this period the climatic conditions were such 
that the use of the air conditioners was necessary. In winter, the highest power 
consumption was in December.  

The Radiology clinic is powered from two transformer station namely “TS Poliklinika” 
and “TS Kotlarnica”. Both transformer stations are located in the courtyard of the Clinical 
Center of Vojvodina. The high voltage side consists of 5 fields, namely: “Trafo”, “Merna”, 
“Dovodno polje”, “Odvodno polje” and “Rezerva”. The transformer box has switchgear 
and protective equipment for the protection and manipulation of the on/off switch of the 
1000 kVA transformer. In the measuring cell the equipment for measuring consumption 
of all facilities connected to the low voltage side of "TS Kotlarnica" is located.  
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Power transformer in “TS Kotlarnica” is three phase 20/0.4 kV/kV oil transformer with 
rated power of 1000 kVA. Cooling of the transformer is oil natural air natural (ONAN) 
which means that windings are cooled with natural flow of the oil while the transformer 
dish is cooled by natural flow of the air. Winding connection is Dy5 which is standard for 
a distribution transformers.  

The low voltage side of the transformer station consists of 4 fields shown in Figure 3.6, 
interconnected by copper bus bars. Table 3.5 gives an overview of the low-voltage side 
of the transformer station "TS Kotlarnica", as well as cross sections of the used low-
voltage cable lines that supply certain objects and accompanying current limiters. 

 

Figure 3.6 Single-pole diagram of the “TS Kotlarnica” 

The high voltage side in the “TS Poliklinika” consists of 5 fields, namely: “Transformator 
1”, “Transformator 2”, “Merenje celija”, “Dovod 1” and “Dovod 2”. The transformer boxes 
1 and 2 have switchgear and protective equipment for the protection and manipulation of 
the on/off switch of the 1000 kVA transformer. In the measuring cell the equipment for 
measuring consumption of all facilities connected to the low voltage side of "TS 
Kotlarnica" is located.  

Figure 3.7 gives a single-pole diagram of the high-voltage segment of the “TS 
Poliklinika” where all 5 substation fields can be clearly seen.  

Table 3.5 Overview of the low voltage side of the transformer station "TS Kotlarnica" 

Tap No. Facility Cable type Current limiters 

1 Chiller in Policlinic facility PP00 2x(4x150) mm2 3x710 A 

2 Medical waste PP00 4x95 mm2 3x160 A 
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3 Population protection PP00-A 4x50 mm2 3x100 A 

4 
MRI scanners and CT scanners in 

Radiology clinic 
PP00-A 4x240 mm2 3x250 A 5 

6 

7 Containers PP00 4x10 mm2 3x50 A 

8 
Reserve 

PP00 4x120 mm2 3x160 A 

9 PP00 4x120 mm2 3x160 A 

10 Reactive power compensation PP00 4x150 mm2 3x400 A 

 

 

Figure 3.7 Single-pole diagram of the high-voltage segment of the “TS Poliklinika” 

Two power transformers in “TS Poliklinika” are three phase 20/0.4 kV/kV oil 
transformers with rated power of 1000 kVA. Cooling of the transformer is oil natural air 
natural (ONAN) which means that windings are cooled with natural flow of the oil while 
the transformer dish is cooled by natural flow of the air. Winding connection is Dy5 which 
is standard for a distribution transformers. The low voltage side of the transformer station 
consists of 12 fields, and they are interconnected with the copper bus bars. Table 3.6 
gives an overview of the low-voltage side of the transformer station "TS Poliklinika", as 
well as cross sections of the used low-voltage cable lines that supply certain objects and 
accompanying current limiters.  

Table 3.6 Overview of the low voltage side of the transformer station "TS Poliklinika" 

Tap No. Clinics Cable type Current limiters 

1 Policlinic Facility PP00 3x150 mm2 3x400 A 

2 Surgery admission PP00 3x150 mm2 3x400 A 

3 Kitchen PP00 3x150 mm2 3x400 A 

4 Dialysis Department PP00 3x150 mm2 3x400 A 

5 
Policlinic Facility PP00 4x150 mm2 3x400 A 

6 
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7 

8 MRI Scanner PP00 4x120 mm2 3x400 A 

9 Lighting system PP00 4x150 mm2 3x400 A 

10 Pathology Department PP00 4x70 mm2 3x160 A 

11 Sterilization PP00 4x185 mm2 3x400 A 

12 Infectious diseases clinic PP00 4x150 mm2 3x400 A 

The facility of the Emergency Center is powered from a transformer station located in 
the courtyard of the Clinical Center of Vojvodina. The transformer station is located in a 
separate facility. The transformer station is called "ZTS Urgentni Centar". The power 
supply of the Emergency Center was achieved with the use of two identical three-phase 
dry transformer. Two power transformers in “ZTS Urgentni Centar” are three-phase 20/0.4 
kV/kV oil transformers with rated power of 1600 kVA working in parallel. Cooling of the 
transformers is air natural (AN) which means that windings of the dry transformer without 
enclosure are cooled with natural flow of the air. Winding connection is Dy5 which is 
standard for a distribution transformer. The “TS Urgentni Centar” facility is complex and 
contains a high number of compactly integrated protective, manipulative and measuring 
equipment. High voltage segment in “ZTS Urgentni Centar” is shown in Figure 3.8.  

In the event of a power failure in the electricity distribution system, the transformer 
station "ZTS Urgentni Centar" is also connected to the diesel power unit, which assumes 
the role of electricity supply to the facilities connected to this substation. All diesel 
generator stations are accompanied with appropriate ATS units which means that 
immediately after the power outage occurs the diesel generators are automatically 
activated.  

The “ZTS Urgentni Centar” is also equipped with the reactive power compensation 
system. Two electrical cabinets designated as “Polje kompenzacije TRAFO 1” and “Polje 
kompenzacije TRAFO 2” contain all necessary switch, protective and measuring 
equipment as well as capacitor blocks that are required to achieve power factor 
correction. First electrical cabinet is responsible for the first and latter for the second dry 
transformer reactive power compensation.  
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Figure 3.8 Single-pole diagram of the high-voltage segment in “TS Urgentni Centar” 

The low voltage side of the transformer station is very complex. Separate electrical 
cabinet is used to only supply lighting system in the building as well as for the decorative 
lighting system on the exterior walls of the Emergency Center. Table 3.7 gives an 
overview of the low-voltage side of the transformer station "ZTS Emergency Center", as 
well as cross sections of the used low-voltage cable lines that supply consumers.  

Table 3.7 Overview of the available taps at low voltage side of the transformer station 
"ZTS Urgentni centar" 

Tap No. Clinics Cable type Current limiters 

1 Two CT scanners 
PP00 4x150 mm2 3x400 A 

2 Three X-Ray scanners 

3 Lighting system PP00 4x150 mm2 3x400 A 

4 
Reserve PP00 4x95 mm2 3x160 A 

5 

 

Radiology Clinic and Emergency Center both have premises for different purposes, 
containing different types of consumers however, some of the biggest consumers that 
herein are of interest are similar. One of the most important consumers of electricity, 
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especially in offices and exam rooms, are computers and typical working station equipped 
with personal computer.  

For cooling, ventilation and temperature control purposes, air conditioners are most 
commonly used in the premises of both facilities. These can be a major consumer of 
electricity (especially in periods when climatic conditions require longer operation). The 
capacity of newer air conditioners is 9000 BTU, while for old air conditioners it was not 
possible to determine the capacity. Most common type of consumer that fall into the 
category of high power consumers are CT scanners, MRI scanners and X-Ray scanners 
used for diagnostic purposes in both institutions. In Table 3.8 an overview of the biggest 
power consumers is shown as well as transformer station from which the particular 
consumer is supplied.  

Table 3.8 Overview of the biggest consumers in Emergency Center and Radiology clinic  

Qty. Consumer type Power supply Location Power rating 

2 CT scanner 
ZTS Urgentni Centar Emergency Center 

65 kVA 

3 X-Ray scanner 100 kVA 

1 CT scanner TS Kotlarnica 

Radiology Clinic 

100 kVA 

1 CT scanner TS Klinicka bolnica 80 kVA 

1 CT scanner 

TS Poliklinika 

100 kVA 

1 MRI scanner 88 kVA 

1 MRI scanner 100 kVA 

1 X-Ray scanner 65 kVA 

1 X-Ray scanner 60 kVA 

2 X-Ray scanner 50 kVA 

From Figure 3.9 it can be inferred that during year electric energy consumption from 
“TS Poliklinika” is fairly constant with maximum consumption of around 300 MWh in 
January, March and August, and minimal consumption around 210 MWh in October.  
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Figure 3.9 Electric power consumption in “TS Poliklinika” in 2018 

From Figure 3.10 it can be inferred that during year electric energy consumption from 
“ZTS Urgentni Centar” is varies slightly with maximum consumption of around 250 MWh 
in August and minimal consumption around 149 MWh in February.  

 

Figure 3.10 Electric power consumption in “ZTS Urgentni Centar” in 2018 
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From Figure 3.11 it can be inferred that during year electric energy consumption from 
“TS Kotlarnica” is varies noticeably with maximum consumption of around 51 MWh in 
August and minimal consumption around 11 MWh in April.  

Figure 3.11 Electric power consumption in “TS Kotlarnica” in 2018 

Until September 2019, the thermal energy infrastructure of the Medical Rehabilitation 
Clinic was connected to its own boiler room, which used fuel oil to heat the facility. In 
addition to rehabilitation, the boiler room is also used to heat other facilities within the 
clinical center. In order to increase reliability and reduce the cost of heating the facility, in 
September 2019, the Medical Rehabilitation Clinic was connected to the district heating 
system of the public utility company „Novosadska Toplana“. Natural gas is used as the 
main energy source for heat production, and the energy supplied is charged per kWh.  

Inside the building, radiator-type heating devices are used for heat transfer and space 
heating, which are usually located below the windows. A visit to the Medical Rehabilitation 
Clinic facility concluded that the facility was heated using two types of radiators - cast and 
panel radiators. Cast radiators vary in dimensions in height and length. The variation in 
the length of the structure is the result of a different number of pipes, i.e. ribs (which are 
welded one after the other regularly). At the Medical Rehabilitation Clinic, radiators have 
between 8 and 30 ribs, depending on the space in which they are installed. 

Panel radiators belong to flat plate radiators, but they are made of smooth or profiled 
sheet steel, which in the simplest form has a heating plate through which the heating fluid 
(hot water) passes. Panel radiators are newer type and are installed in the hydrotherapy 
space.  

Table 3.9 shows the number of radiators used by room type, as well as the type of 
radiator present in the object in question. The total number of radiators used within the 
facility of the Medical Rehabilitation Clinic, is also shown in the table.  
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Table 3.9 Number of heaters by type and premises 

Radiator type Premises Number of pieces 

Cast Examine rooms 26 
Cast Offices 26 
Cast Therapy rooms 30 
Cast Hospital rooms 35 
Cast Corridors 32 
Cast Toilets 27 
Panel Hydrotherapy 6 
Cast Storage rooms 32 

 

Total 
Cast 208 
Panel 6 

Total  214 
 

Table 3.10 shows the fuel oil consumption of the entire boiler room from September 
2018 to August 2019. 

Table 3.10 Total fuel oil consumption of boiler room KCV 

Month Delivered fuel oil [kg] Total [RSD] 

September 2018 75.000,00 5.532.300,00 

October 2018 101.160,00 7.848.228,24 

November 2018 150.440,00 11.605.161,60 

December 2018 225.440,00 15.749.612,16 

January 2019 198.820,00 13.195.781,04 

February 2019 251.360,00 17.602.124,88 

Mart 2019 125.280,00 9.065.260,80 

April 2019 147.480,00 10.831.689,84 

Maj 2019 99.940,00 7.358.632,80 

Jun 2019 75.040,00 5.397.301,20 

July 2019 99.720,00 7.158.979,68 

August 2019 99.220,00 6.910.033,20 

Total 1.648.900,00 118.255.105,44 

Table 3.11 shows the total consumption of fuel oil by months between September 2018 
and August 2019 for the entire boiler room of the Clinical Center. In cooperation with the 
KCV technical service, the calculation of fuel oil estimates for the facility in question was 
made. 

Table 3.11 Total fuel oil consumption for the KCV 

Month 
Amount of fuel oil 
 consumed [kg] 

Total [RSD] 

September 2018 10.591,00 781.234,52 

October 2018 15.299,00 1.186.896,42 
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November 2018 18.325,00 1.413.737,10 

December 2018 26.269,00 1.835.257,42 

January 2019 27.039,00 1.794.956,98 

February 2019 22.810,00 1.597.429,92 

Mart 2019 20.369,00 1.473.900,84 

April 2019 15.014,00 1.102.628,16 

Maj 2019 13.598,00 1.001.247,94 

Jun 2019 11.177,00 803.939,26 

Jul 2019 11.362,00 815.609,81 

August 2019 11.419,00 795.173,48 

Total 203.272,00 14.602.011,84 

A visual representation (graph) of the heating energy consumption - fuel oil is given in 
Figure 3.12, where it can be seen that fuel oil consumption varies over months. It is easy 
to see that during the winter months the consumption is the highest, during the heating 
season, while in the other months the consumption is lower, because then the thermal 
energy is used only to heat the space of the hydrotherapy pool. Graphs show that the 
highest spending was recorded in January 2019, while in September 2018 it was the 
lowest. Monthly consumption is also influenced by the amount of fuel oil from the previous 
month. Therefore, in some months a smaller amount of fuel oil was purchased due to the 
stocks remaining from the previous month. 

 

Figure 3.12 Fuel oil consumption graph 

A visual representation (graph) of the thermal energy consumption is given in Figure 
3.13 where it can be seen that the highest consumption is during the heating season, 
while in other months the consumption is approximately constant. 
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Figure 3.13 Graph of the thermal energy consumption of the object in question 

3.3. FERIT buildings power supply and energy demand 

Building in Trpimirova street is supplied from the low voltage distribution network. Point 
of common coupling of building and network is integrated cabinet placed outside, on the 
wall of the building equipped with electricity meter. Metering cabinet and main distribution 
cabinet are connected PP00-Y 4 x 35 + 25 mm2 with cooper cable. Main fuses are rated 
at 200 A with gL characteristic. In the main distribution cabinet of the building, 4 low 
voltage feeders lead to building loads.  Each feeder is protected with 35 A fuse with gL 
characteristic and uses PP00-Y 5 x 16 mm2 copper cable. Single line diagram of main 
distribution cabinet is given in Figure 3.14. 

Considering that the object was connected to the power grid infrastructure during the 
object construction period, the document that provides the permission for the object 
connection was not available for this study at the time of creation. 

Furthermore, 10 kW photovoltaic system was installed on the building roof in 
Trpimirova street and integrated into electric power network. AC side of the photovoltaic 
system inverter is connected by PP00-A 4 x 16 mm2 + P/F 16 mm2 cable to the metering 
cabinet (distribution network). Single line diagram of photovoltaic system is given in 
Figure 3.15. 
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Figure 3.14 Main distribution cabinet single line diagram of the building in Trpimirova 
street. 
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Figure 3.15 Single line diagram of 10 kW photovoltaic plant on the building roof in 
Trpimirova street. 
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Building in Cara Hadrijana street is supplied from the low voltage distribution network. 
Point of common coupling of building and network is integrated cabinet placed outside, 
on the wall of the building equipped with electricity meter. Metering cabinet and main 
distribution cabinet are connected with XP00-A 2 x (4 x 185 mm2) cable. Main fuses are 
rated at 630 A with gG characteristic. In the main distribution cabinet of the building, 6 
low voltage feeders lead to other building cabinets and 1 reserve feeder for elevator which 
is not yet constructed. Feeders are protected with various rated currents from 25 A to 
280 A with gG characteristic and use various cables which are given in Figure 3.16. 
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Figure 3.16 Single line diagram of the power supply of building in Cara Hadrijana street. 
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In order to establish appropriate measures for the enhancement of energy efficiency, 
it is necessary to analyze the energy consumption in the exemplary objects. A detailed 
analysis is given for the period from January 2018. to December 2018. This period is 
chosen as a reference since it covers the entire student year, calendar year and all 
seasons. During the analysis, all relevant parameters for the energy consumption were 
taken from the electricity bills for the exemplary object. 

Table 3.12 shows an overview of the electricity consumption and electricity cost from 
January to December 2018 for both buildings. Net electricity consumption of the building 
in Trpimirova street is resulting from total building consumption reduced by electricity 
production from 10 kW photovoltaic system on the roof of the building in Trpimirova street. 
Building in Cara Hadrijana street is represented by total consumption only. 

Table 3.12 – Electrical energy consumption of the buildings during 2018. 

 
Building in Trpimirova 

street 
Building in Cara Hadrijana 

street 

 
Net 

consumption 
[MWh] 

Total cost 
[HRK] 

Total 
consumption 

[MWh] 

Total cost 
[HRK] 

Jan 2018 19.416 17,846.00 6.577 6,068.00 

Feb 2018 18.248 16,743.00 6.517 5,890.00 

Mar 2018 19.693 19,278.00 8.605 7,375.00 

Apr 2018 17.751 17,763.00 7.769 7,062.00 

May 2018 20.389 20,642.00 8.031 7,250.00 

Jun 2018 20.554 21,985.00 6.976 6,626.00 

Jul 2018 18.024 18,413.00 7.011 6,259.00 

Aug 2018 15.49 15,436.00 6.185 5,915.00 

Sep 2018 17.056 17,094.00 7.534 7,032.00 

Oct 2018 20.388 20,635.00 8.964 8,054.00 

Nov 2018 21.16 21,249.00 9.45 8,264.00 

Dec 2018 19.161 18,865.00 9.333 8,259.00 

Total 227.33 225,949.40 92.953 84,055.58 

Table 3.12 shows the relatively constant electricity consumption during the year for 
building in Trpimirova street while the electricity consumption of building in Cara Hadrijana 
street has variability during the year. Slight consumption decline is visible during the 
August and September during the examination and vacation period when no teaching 
and exams are arranged. From the October to December, electricity consumption in 
building in Cara Hadrijana street is higher. Analyzing the annual electricity bills, total 
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electricity consumption of both buildings was 320,283.43 kWh with the total cost of 
310,004.98 HRK. 

Graphical interpretation of the electricity consumption is depicted in Figure 3.17 and 
Figure 3.18 which show energy consumption per month, expressed in MWh, in the period 
from January to December 2018 for buildings in Trpimirova and Cara Hadrijana street, 
respectively.  

 

Figure 3.17 Electricity consumption per month of the building in Trpimirova street during 
2018. 

 

Figure 3.18 Electricity consumption per month of the building in Cara Hadrijana street 
during 2018. 

 

3.4. KBCO buildings power supply and energy demand 
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KBCO complex supplies from 10 kV distribution system using four 10/0.4 kV 
substations. Schematic of the KBCO complex power supply system along with 
surrounding 10 kV distribution network is given in Figure 3.19. 

 

Figure 3.19 KBCO complex power supply schematic [16] 

In order to establish appropriate measures for the enhancement of energy efficiency, 
it is necessary to analyze the energy consumption in the exemplary objects. A detailed 
analysis is given for the period from January 2018. to December 2018. This period is 
chosen as a reference since it covers the entire year, calendar year and all seasons. 
During the analysis, all relevant parameters for the energy consumption were taken from 
the electricity bills for all KBCO facilities. Electricity consumption of the KBCO complex in 
Huttler street is measured at PCC at the 10 kV feeder. 

Table 3.12Table 3.13 shows an overview of the electricity consumption and electricity 
cost from January to December 2018 for all KBCO facilities. Most of the total electricity is 
consumed by KBCO complex in Hutller street where renewable energy sources systems 
will be installed. It is expected that all produced electricity is going to be consumed directly 
by consumption of the KBCO complex buildings so there is no need for additional energy 
storage systems. 
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Table 3.13 – Electrical energy consumption of all KBCO facilities during 2018. 

 Total consumption 
[MWh] 

Total cost [HRK] 

Jan 2018 715.392 508,213.00 

Feb 2018 662.873 479,547.00 

Mar 2018 716.018 506.647.00 

Apr 2018 698.288 507,260.00 

May 2018 795.443 583,280.00 

Jun 2018 933.263 694,318.00 

Jul 2018 1043.97 760,847.00 

Aug 2018 976.59 15,436.00 

Sep 2018 702.008 548,075.00 

Oct 2018 747.278 562,559.00 

Nov 2018 729.128 562,702.00 

Dec 2018 714.75 562,702.00 

Total 9435.001 5,784,939.00 

Table 3.13 shows variable electricity consumption during the year for all KBCO 
facilities. Consumption increase is visible during the summer months (June to August) 
during the hot weather conditions. Analyzing the annual electricity bills, total electricity 
consumption of all KBCO facilities is 9435.001 MWh with the total cost of 5,784,939.00 
HRK. Graphical interpretation of the electricity consumption of all KBCO facilities in 2018 
is depicted in Figure 3.20.  

 

Figure 3.20 Electricity consumption per month of all KBCO facilities during 2018. 
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3.5. UNISB building power supply and energy demand 

3.5.1. The electrical infrastructure of the exemplary object and 

consumption analysis 

In order to implement different strategies for the increase of energy efficiency, it is 
necessary to analyze the electrical installation infrastructure of the UNISB object, as well 
as existent power supply units and the consumption of electrical energy in the exemplary 
object. 

Here, “UNISB - Strojarski fakultet u Slavonskom Brodu, building in Ivan Gundulić Street  
20a”, as a part of the building complex of the Mechanical Engineering Faculty in Slavonski 
Brod, will be referred to as exemplary object. 

3.5.2. The power supply of the “UNISB - Strojarski fakultet u 

Slavonskom Brodu, building in Ivan Gundulić Street 20a” 

This building is supplied from the public transformer station located within the yard of 
the object, ownership of the HEP group – Croatian Electricity Board. The transformer 
station is located outside near the main entrance where there is also freestanding 
distribution cabinet with meter for recording electricity consumption of the object 
(approved peak power was 29.9 kW and now it is 71 kW). The transformer station is 
called “TS Gundulić Street” and a three-phase oil transformer with a nominal power of 
1000 kVA, a turn ratio of 10/0.4 kV and a Dyn5 transformer connection was used for the 
object power supply. 

Aluminum cable 3 x (XHE 49A 1x150 mm2) was used as a high-voltage cable. On the 
low-voltage side copper busbar 3x(2x80x5) + 1x(80x5) mm2 was used. The main circuit 
breaker is set to the nominal value of the 1600 A. Single line diagram of the transformer 
station is illustrated in Figure 3.21. 
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Figure 3.21 Transformer station single line diagram 

Figure 3.21 shows all outgoing feeders on the low-voltage side of the transformer, 
together with the cross-sections of the cable lines. Feeder 5 is used to supply building of 
Strojarski fakultet, Ivan Gundulić Street 20a. The low-voltage block of the transformer 
station is protected by the main circuit breaker with the nominal current 1600 A. Low-
voltage block has 15 low voltage feeders (+compensation). Low voltage block feeder 5 is 
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power supply of the freestanding electric cabinet in the south-west part of the yard of the 
analyzed building, connected to group of objects (including analyzed object) by cable type 
PP00-Y 4x150 mm2. It is protected by fuse with nominal current 250 A and gG 
characteristics. A cable, type XP00-A 4 x 150 mm2 makes electric connection between 
freestanding electric cabinet next to transformer substation (SSPMO) to main 
freestanding distribution cabinet of the building located in front of the building (SSRO1). 
Building is connected to SSRO1 by electric cable XP00-A 4x70 mm2 to main cabinet of 
the building (GRO) located in the hallway of the building, directly at the entrance to the 
building. That main electric cabinet houses the main fuses of the building, electric 
installation of the building busbars and fuses. Photovoltaic power plant is connected from 
Laboratory for renewable energy sources G116 (inverters) to SSRO1 by electric cables 
XP00-A 4x70 mm2 and FG16OR16 1x35 mm2. 

Considering that the object was connected to the power grid infrastructure during the 
object construction period (the year 1963.), the document that provides the permission 
for the object connection was not available for this study at the time of creation. 

3.5.3. Analysis of the energy consumption 

In order to establish appropriate measures for the enhancement of energy efficiency, 
it is necessary to analyze the energy consumption in the exemplary object. A detailed 
analysis is given for the period from January 2018. to December 2018. This period is 
chosen as a reference since it covers the entire student year, calendar year and all 
seasons. During the analysis, all relevant parameters for the energy consumption were 
taken from the electricity bills for the exemplary object.  

Table 3.14 shows an overview of the power energy consumption from January 2018. 
to December 2018. 
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Table 3.14 Electrical energy consumption in the “Strojarski fakultet u Slavonskom 
Brodu,  I. Gundulić Street” during 2018 

  
Consumption 
in higher tariff 

E1 [kWh] 

Consumption 
in lower tariff 

E2 [kWh] 

Total 
consumption 

[MWh] 

Total energy 
cost [HRK] 

Total cost 
with VAT taxis 

[HRK] 

January 
2018 

3363 1324 4687 4359.61 4926.36 

February 
2018 

3060 1254 4314 3900.60 4407.68 

Mart 
2018 

3477 1450 4927 4380.09 4949.50 

April  
2018 

2916 1385 4301 3802.07 4296.34 

May  
2018 

2948 1246 4194 3805.38 4300.08 

June  
2018 

2584 1214 3798 3448.51 3896.81 

July  
2018 

2027 1117 3144 2813.76 3179.55 

August 
2018 

1617 1002 2619 2290.19 2587.92 

September 
2018 

2399 1172 3571 3232.79 3653.05 

October 
2018 

2644 1162 3806 3516.77 3973.95 

November 
2018 

3121 1150 4271 3989.00 4507.57 

December 
2018 

2991 1419 4410 3924.20 4434.34 

Total 
2018 

33147 14895 48042 43462.96 49113.15 

 

Table 3.14 shows the trend of energy consumption increase, especially during the 
winter period. Slight consumption decline is visible during the January and February 
during the examination period when no teaching is arranged and Mart as beginning of the 
summer semester, while the lowest consumption is in August when there are no activities 
in the Faculty during the vacation period. In Figure 3.22 energy consumption per month, 
expressed in kWh is presented in the period from January 2018. to December 2018.  
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Figure 3.22 Electrical energy consumption per month in the “Strojarski fakultet u 
Slavonskom Brodu, I. Gundulić Street” during 2018 

It can be seen that the highest energy consumption was in March. During August, the 
consumption was the lowest since most of the employees take their vacation in this 
period. During the winter, the highest consumption was in January caused by usage of 
electrical heating devices (cold walls of the building after winter holidays).  

 

3.5.4. The thermal infrastructure of the exemplary object and 

consumption analysis 

The main heating energy source of the Mechanical Engineering Faculty facility II is 
natural gas and delivered power is charged per kWh. The exemplary object is supplied 
with one heat station. In the exemplary object, for the transmission of the heat power and 
space heating radiators are used. Usually, they are placed beneath the windows. Through 
the visual inspection of the Mechanical Engineering Faculty, it is concluded that one type 
of radiators were installed. It is a cast iron radiators. The height and length of the cast iron 
radiators vary. This is because there is a different number of tubes that are connected in 
series. Depending on the room they are built-in, the number of tubes in the cast iron 
radiators is between 5 and 40. In their simplest form, the heating fluid (warm water) is 
circulating through the tubes. The dimensions of the cast iron radiators in the exemplary 
object vary only in the length – 110 cm, 180 cm, 240 cm or 260 cm. The height of the cast 
iron radiators is 60 cm or 80 cm while the depth is 10 cm. In Table 3.15 the number of 
radiators located in different rooms is presented, together with the total number of 
radiators. 

Table 3.15 The number of radiators according to the room purpose 
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Rooms Number of radiators 

Cabinets 33 

Classrooms 12 

Computer classrooms 14 

Laboratories 10 

Server room 1 

Library and Reading room 7 

Hallways 7 

Toilets 3 

Total number 87 
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3.5.5. The analysis of the heat energy consumption 

An analysis of gas consumption for consumers (buildings of Strojarski fakultet) was 
conducted by the Mechanical Engineering Faculty in Slavonski Brod, specifically for the 
faculty building at Ivan Gundulić Street 20A, Slavonski Brod for 2018. Figure 3.23 shows 
the annual states of gas counters for each month in the given period. The gas 
consumption is multiplied by a correction factor of 1.086893 until August 2018, after which 
the correction factor 1.125969, and ultimately the consumption is expressed in kWh. 
During 2018. gas consumption was over 150,000 kWh per year. 

 

 

 

Figure 3.23 Analysis of gas consumption for faculty building at Ivan Gundulić 
Street 20A 
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4. The overview of the potential for the available renewable 

energy resources  

4.1. FTN and KCV potential of renewable energy sources 

The Republic of Serbia has significant RES potential, which is estimated at 5.65 Mtoe 
per year. More than 60% of the total potential is biogas potential, whose use is estimated 
at approximately 30% (1.54 Mtoe), while hydropower has a share of 30% and more than 
half is utilized (909 ktoe). In order to achieve the mandatory national targets for the share 
of renewable energy in gross final consumption, the installation of higher electricity 
production using wind, biomass and sun are envisaged, as well as a higher RES share 
in heat production. The projection of the construction of plants for electricity generation 
using RES until 2030 is presented in Figure 4.1. 

 

Figure 4.1 The projection of the construction of plants for electricity generation using 
RES until 2030 [17]. 

According to the Energy Balance of the Republic of Serbia for 2019, the total planned 
production of primary energy from RES in 2019 is 1.997 Mtoe, accounting for 18.9% of 
the total domestic production. The estimated participation of individual RES is shown in 
Figure 4.2. It can be observed that wind energy accounts for 5%, while solar and 
geothermal energy accounts for only 1%, which is extremely small given their estimated 
potential. 
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Figure 4.2 The total planned production of primary energy from individual RES for 2019. 

Solar energy can be used to generate electricity or heat energy. The average annual 
global solar radiation in the Republic of Serbia is 30% higher than in Western European 
countries. In most parts, the number of hours of solar radiation is between 1500 and 2200 
hours per year, which is higher than the most European countries. According to 
calculations of the scientific tool Photovoltaic Geographical Information System (PVGIS) 
for the EU member states and other European countries, the average value of global 
horizontal irradiation of the Republic of Serbia is approximately 1353 kWh/m2. The 
minimum average value of the global horizontal irradiation is 1042 kWh/m2, while the 
maximum is 1660 kWh/m2. Global irradiation and solar electricity potential for the 
horizontally mounted photovoltaic modules is given in the Figure 4.3.  
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Figure 4.3 Global irradiation and solar electricity potential of the Republic of Serbia 

Global irradiation and solar electricity potential for the optimally-inclined photovoltaic 
modules of the Republic of Serbia are shown in the Figure 4.4. The average value of 
global irradiation is approximately 1531 kWh/m2, where the minimum average value is 
1190 kWh/m2, while the maximum is 1925 kWh/m2. 
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Figure 4.4 Global irradiation and solar electricity potential for the optimally-inclined 
photovoltaic modules of the Republic of Serbia [18]. 

In the Autonomous Province of Vojvodina, the average value of GHI ranges between 
1294 kWh/m2 in the north and 1335 kWh/m2 in the south, or an average value of 
1300 kWh/m2. Depending on the season in sunny conditions, the intensity of global 
radiation in the midday hours can vary from 200 to 1000 W/m2. The ratio of direct and 
diffuse radiation depends on geographical and microclimatic conditions. The ratio 
accounts from 40% to 60% and it is slightly higher in the winter period.  

According to the Global Solar Atlas the city of Novi Sad has average global horizontal 
irradiation of 1337 kWh/m2 per year, or 3662 kWh/m2 per day, while the optimum tilt of 
photovoltaic (PV) modules is 34°, as shown in Table 4.1.  
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Table 4.1 Yearly average parameters for Novi Sad according to the Global Solar Atlas 
[19]. 

Glossary Description Value 

Specific photovoltaic 
power output 

Yearly average value of photovoltaic electricity (AC) delivered 
by a PV system and normalized to 1 kWp of installed capacity 

1278 kWh/kWp 

Direct normal 
irradiation  

Average yearly sum of direct normal irradiation 1222 kWh/m2 

Global horizontal 
irradiation 

Average annual sum of global horizontal irradiation 1336 kWh/m2 

Diffuse horizontal 
irradiation 

Average yearly sum of diffuse horizontal irradiation 627 kWh/m2 

Global titled 
irradiation at optimum 

angle 

Optimum tilt of fix-mounted PV modules facing towards 
Equator set for maximizing GTI input 

1547 kWh/m2 

Air temperature Average yearly air temperature at 2 m above ground 12.5 °C 

Optimum tilt of PV 
modules 

Optimum tilt of fix-mounted PV modules facing towards 
Equator set for maximizing global titled irradiation input 

35/180° 

Due to changes in the elevation angle of the Sun during the day, month and year, the 
value of the radiated energy that reaches the surface changes. More energy is received 
only by the surface at which the angle changes and adjusts to the position of the Sun 
each month, or even more if the receiving surface follows the Sun’s trajectory daily. 
Nevertheless, the optimal slope of the collector should be 30-40°. The optimum slope for 
the summer period is 20-30° and for winter is about 60°. Therefore, in the given statistics 
different values for slope are chosen for the fixed plane.  

For this analysis purposes PVGIS program is used. Daily average irradiance on the 
fixed plane with slope 0° and 35°, and azimuth 0° for the month of July, city of Novi Sad, 
are shown in Figure 4.5 and Figure 4.6 respectively. The results of this calculation consist 
of hourly values of the average solar irradiance for the month of July, given in W/m2. The 
optional temperature graph, presented in Figure 4.7, shows the average air temperature 
each hour for the month of July. The minimum daily temperature for the month of July is 
18°, while the maximum is 27.5°. 
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Figure 4.5 Daily average irradiance on the fixed plane with slope 0° and azimuth 0° for 
the month of July, city of Novi Sad [18]. 

The maximum global irradiance in case of the fixed plane with slope 0° is 745 kWh/m2, 
while the maximum global clear-sky irradiance is 941 kWh/m2. In Table 4.2 are given the 
average values of the global irradiance (G), direct irradiance (Gb), diffuse irradiance (Gd) 
and global clear-sky irradiance (Gcs) for the specific time period of the month of July. 
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Table 4.2 Daily average irradiance on the fixed plane with slope 0° and azimuth 0° for 
the month of July, city of Novi Sad [18]. 

Time G [W/m2] Gb [W/m2] Gd [W/m2] Gcs [W/m2] 

00:45 0 0 0 0 

01:45 0 0 0 0 

02:45 0 0 0 0 

03:45 0 0 0 44 

04:45 60 17 43 190 

05:45 194 94 101 369 

06:45 351 208 143 550 

07:45 495 323 172 711 

08:45 622 419 203 835 

09:45 712 482 230 914 

10:45 745 501 244 941 

11:45 742 484 258 916 

12:45 716 469 247 840 

13:45 650 423 227 718 

14:45 526 334 192 559 

15:45 385 230 155 379 

16:45 243 132 111 199 

17:45 107 44 63 48 

18:45 3 0 3 0 

19:45 0 0 0 0 

20:45 0 0 0 0 

21:45 0 0 0 0 

22:45 0 0 0 0 

23:45 0 0 0 0 
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Figure 4.6 Daily average irradiance on the fixed plane with slope 35°, and azimuth 0° for 
the month of July, city of Novi Sad [18]. 

The maximum global irradiance in case of the fixed plane with slope 30° is 
803 kWh/m2, while the maximum global clear-sky irradiance is 1034 kWh/m2. In Table 
4.3 the average values of the global irradiance (G), direct irradiance (Gb), diffuse 
irradiance (Gd) and global clear-sky irradiance (Gcs) for the specific time period of the 
month of July are given.  
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Table 4.3 Daily average irradiance on the fixed plane with slope 30° and azimuth 0° for 
the month of July, city of Novi Sad [18]. 

Time G [W/m2] Gb [W/m2] Gd [W/m2] Gcs [W/m2] 

00:45 0 0 0 0 

01:45 0 0 0 0 

02:45 0 0 0 0 

03:45 0 0 0 27 

04:45 37 0 37 78 

05:45 135 46 85 279 

06:45 303 167 130 505 

07:45 478 304 166 715 

08:45 637 425 201 881 

09:45 751 508 230 988 

10:45 796 537 246 1025 

11:45 793 519 260 991 

12:45 757 497 248 888 

13:45 670 433 225 725 

14:45 515 319 186 517 

15:45 342 192 143 290 

16:45 175 76 95 86 

17:45 55 0 54 29 

18:45 3 0 3 0 

19:45 0 0 0 0 

20:45 0 0 0 0 

21:45 0 0 0 0 

22:45 0 0 0 0 

23:45 0 0 0 0 
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Figure 4.7 Daily average temperature for the month of July, city of Novi Sad [18]. 

Monthly average irradiance on the fixed plane with slope 0° and azimuth 0° for the year 
of 2016, city of Novi Sad, are shown in Figure 4.8. In Table 4.4 the monthly average 
values of the global horizontal irradiaton, direct normal irradiaton and global irradiation 
optimum angle of the year 2016 are given. 

 

Figure 4.8 Monthly average irradiance on the fixed plane with slope 0°, and azimuth 0° 
for the year of 2016, city of Novi Sad [18]. 
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The maximum monthly average value of the global horizontal irradiation is 
approximately 200 kWh/m2 in month of July, whereas the minimum value is 35 kWh/m2 
in month of January. 

Table 4.4 Monthly average irradiance on the fixed plane with slope 0° and azimuth 0° 
for the year of 2016, city of Novi Sad [18]. 

Month 
Global horizontal irradiation 

[kWh/m2] 
Direct normal irradiation 

[kWh/m2] 
Global irradiation optimum 

angle [kWh/m2] 

January 35.15 58.9 63.9 

February 50.95 52.56 71.67 

March 92.93 92.01 116.41 

April 142.15 131.36 159.2 

May 172.17 144.49 170.26 

June 185.26 155.32 177.49 

July 197.34 182.81 192.57 

August 177.43 179.39 191.42 

September 132.69 145.45 164.93 

October 69.14 74.35 96.19 

November 51.04 78.52 88.56 

December 39.32 70.62 75.84 

Approximately 55% of the total energy consumed in households in Serbia as well as 
in Vojvodina is used in the form of electricity. A significant part of this energy is used for 
heating the sanitary water. Utilizing solar energy can help reduce the cost of heating hot 
water by about 60 to 70% during the year. According to the Serbian Energy Efficiency 
Agency estimates, Serbia's energy consumption could be reduced by more than 50% 
with more efficient heating and energy efficiency improvements in the industry. 

Depending on system efficiency the Republic of Serbia has the potential to produce 
from 700 to 900 kWh of energy per square meter of solar thermal collector annually, which 
is high in comparison with the countries with a good reputation for energy solar usage. In 
the Republic of Serbia, 3.3 kWh could be produced per square meter and would be most 
effectively used in the tourism, health sector and households, primarily for heating hot 
water. 

In the Republic of Serbia and Autonomous Province of Vojvodina, the use of solar 
energy for heating domestic hot water or space is almost negligible, although there has 
been an increase in the implementation with the support of state institutions, donations 
and financing from users in the past years. Greater use of solar systems in the Republic 
of Serbia is prevented mainly by the lack of state support for individuals as well as poor 
public awareness. The enormous savings of conventional energy would be achieved if 
each household had at least one unit of the solar collector to heat the domestic hot water. 
Viewed within the state's electricity system, this would represent a significant burden on 
the system. 
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The technically usable energy potential for the conversion of solar energy to thermal 
energy (for hot water preparation and other purposes) is estimated at 0.194 Mtons per 
year, assuming the application of solar thermal collectors to 50% of available facilities in 
the country. 

The current situation in local self-governments of the Republic of Serbia is 
characterized by unreliable and incomplete data on the amount of municipal waste 
generation. The quantities of municipal waste annually were calculated on the basis of 
waste measurements in the reference to local governments. The urban population 
generates an average of 1 kg of municipal waste per citizen per day, while the rural 
population generates 0.7 kg of waste per citizen per day. Based on the census, the urban 
population is 57%, while 43% is rural. On average, a resident of the Republic of Serbia 
generates 0.87 kg of municipal waste per day or 318 kg per year. The population of 
7 443 183 produces about 2 374 374 tons of waste a year. In Figure 4.9, the 
morphological composition of municipal waste in the Republic of Serbia. According to a 
report from the Environmental Protection Agency on waste management in 2011-2017, a 
total of 2.15 Mtons of waste was generated in 2017, of which municipal public utility 
companies collected 1.80 Mtons, or 83,7%. Most municipal waste is landfilled and only 
3% is officially recycled. 

 

Figure 4.9 The morphological composition of municipal waste in the Republic of Serbia 
[20].  

According to the results of statistical surveys on waste conducted at the Statistical 
Office of the Republic of Serbia in the period 2010-2013, the generated waste quantities 
recorded an increase. Table 4.5 and Figure 4.10 show the share of individual economic 
sectors in the total amount of waste generated in the years 2010-2013. 

 

Table 4.5 Share of individual sectors in the total amount of waste generated in the years 
2010-2013 [21]. 
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Year 2010 2011 2012 2013 

Total 33 615 918 49 004 760 55 002 585 58 388 403 

Mining 26 460 274 41 522 482 47 896 363 50 807 563 

Manufacturing 
industry 

1 135 357 1 126 609 759 832 821 286 

Electricity, gas 
and steam supply 

6 020 287 6 355 668 5 744 350 6 199 079 

Water supply and 
wastewater 
management 

- - - 33 106 

Construction - - 363 706 328 235 

Service sectors - - 238 336 199 132 

In 2013, Mining accounted for 87% of the total amount with 50 Mtons, followed by 
Electricity, gas and steam supply at 10.6% or 6 Mtons, Manufacturing by 1.4% or 750 000 
tons and the remaining 1% is waste generated by other Service sectors. The largest 
increase in waste generated compared to the previous year was recorded in 2011, at 
45.8%. Although the scope of the survey was expanded in 2012 and 2013, the largest 
increase in generated waste compared to the previous year remained in 2011. 

 

Figure 4.10 Share of individual sectors in the total amount of waste 

Generated quantities of hazardous and non-hazardous waste in the period of 2010-
2013, presented in Figure 4.11 also recorded an increase. 
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Figure 4.11 Generated quantities of hazardous and non-hazardous waste in the period 
2010-2013 

Mineral and combustion wastes are the most represented types of waste in the total 
amount of waste generated in observed years. Other types of waste were changing their 
share depending on the sectors covered by the survey. Until 2011, in addition to the 
aforementioned types of waste, vegetable waste, acid, base or saline waste as well as 
metallic iron waste were generated in large quantities. In 2012 and 2013, with the 
inclusion of the Construction and Services sectors in the scope of the survey, there were 
changes in the structure and an increase in the types of mineral waste generated in the 
bulk by the Construction (Land and Iron Metals) sector, as household and similar waste 
generated largely by the service sectors. There is no exact data on the quantities of waste 
oils generated on the territory of the Republic of Serbia. It is estimated that about 50,000 
tons of various mineral oils are consumed annually. In addition, it is estimated that around 
10,000 - 15,000 tons of motor and other oils and lubricants are consumed annually in the 
city of Belgrade. There is no regulated waste oil collection system in the territory of the 
Republic of Serbia. Waste oil collection and recovery capacities are approximately 25,000 
t per year. Some operators carry out collection and temporary storage. To a lesser extent, 
the collection and regeneration of self-produced oil and the regeneration of oil by private 
entrepreneurs are present. Part of the waste oil is exported for final disposal, and part of 
the waste oil is illegally collected and disposed of, most often for energy purposes. There 
is a growing trend of organized collection and collection of edible waste oils. They are 
most commonly used for biodiesel production. There are also certain capacities for the 
treatment of oil emulsions by ultrafiltration and the subsequent disposal of the resulting 
oil concentrate by solidification. Cement plants have the capacity to use waste oils for 
energy purposes. 

4.2. FERIT and KBCO potential of renewable energy sources 
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4.2.1. Solar energy 

Because of its favourable geographical location, Republic of Croatia has large solar 
energy potential. Annual global solar irradiation on horizontal surface is given in Figure 
4.12. Global irradiation and solar electricity potential for the optimally inclined photovoltaic 
(PV) modules of the Republic of Croatia are shown in Figure 4.13. It is visible that 
continental areas have slightly lower annual solar irradiated energy. Nevertheless, 
continental part, in which Osijek is situated has great solar energy potential. 

 

Figure 4.12  – Annual global solar irradiation on horizontal surface in Republic of 
Croatia [22]. 



 

 

 

93 

 

Figure 4.13 – Annual global solar irradiation on optimally inclined surface in Republic of 
Croatia [22]. 

Average annual solar irradiation on horizontal plane in Osijek region is around 
1282 kWh/m2 while annual optimal inclination angle of PV modules and solar thermal 
collectors is 34° [22]. Highest solar irradiation occurs in summer months (June – August) 
while the lowest occur in winter months (November - January). Distribution of global solar 
irradiation for every month and annual solar irradiation for Osijek is given in Table 4.6. 

Table 4.6 – Global monthly and annual solar irradiation for Osijek [22]. 
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Month 
Global 

kWh/m2 

January 40.8 

February 41.78 

March 90.86 

April 133.58 

Max 172.2 

June 198.09 

July 187.46 

August 138.18 

September 116.22 

October 92.04 

November 42.67 

December 28.21 

Total 1,282.09 

Due to changes in the elevation angle of the Sun during the day, month and year, the 
value of the radiated energy that reaches the surface changes. More energy is received 
only by the surface at which the angle changes and adjusts to the position of the Sun 
each month, or even more if the receiving surface follows the Sun’s trajectory daily. 
Nevertheless, the optimal slope of the collector should be 30-40°. The optimum slope for 
the summer period is 20-30° and for winter is about 60°. 

4.2.2. Wind energy 

In order to harness wind energy, one of the important factors is the existing road and 
railway structure and the accessibility of the terrain on which wind farms are planned. 
Also important is the existence and coverage of the territory with medium and high voltage 
power grid. Such infrastructure factors, necessary for successful connection of wind 
power plants, include the existence of suitable transformer stations and the possibility of 
connection to them. The most significant parameters for wind turbine performance are 
speed and direction of the wind at the site. Therefore, wind energy potential will be 
analysed with two separate measurements, first from weather station of Croatian 
Meteorological and Hydrological Service located in village Čepin near Osijek and second 
located at the roof of the building in Trpimirova street. 

Measurements of wind speed in 2015, taken by weather station in Čepin near Osijek, 
are given in Figure 4.14. Highest mean wind speed occurs in March and April while the 
lowest in December. 
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Figure 4.14 Monthly mean values of wind speed for 2015 at the weather station in Čepin 
near Osijek. 

In order to asses wind energy potential for certain region or microlocation, wind speed 
measurements in surrounding area are needed. For this purpose, measurements taken 
by weather station located on the roof of the faculty building in Trpimirova street are also 
analysed. Figure 4.15 shows frequency distribution of wind speed based on 1-hour 
average values in 2018. It is visible from the figure that the highest frequency of wind 
speed occurs from 0 to 1 m/s. 

Furthermore, to analyse the direction of the wind on the microlocation, rose of winds is 
constructed (Figure 4.16). It is visible that the most frequent wind speed direction is 
between East and South while the most frequent is South-East. 
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Figure 4.15 Wind speed frequency at the microlocation of FERIT building in Trpimirova 
street 

 

Figure 4.16 – Rose of winds for the microlocation of FERIT building in Trpimirova street 

 

4.2.3. Waste and biofuels 

Solid waste biomass is considered as biodegradable part of municipal waste, food 
industry and other related industries. Furthermore, solid waste biomass can origin from 
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wood industry. Theoretical annual energy potential of solid waste biomass for Osijek-
baranja county is given in Table 4.7 [23]. 

Table 4.7 Theoretical annual energy potential of solid waste biomass for Osijek-baranja 
county [23] 

Raw material type 
Available waste 
[t/year]* 

Theoretical energy 
potential 
[MWh/year] 

Theoretical energy 
potential [TJ/year] 

Slaughterhouse 
waste 

4,651 23,255 84.7** 

Wood industry 
waste 

321 1,509 5.4 

Biodegradable part 
of municipal waste 

39,210 26,467 95.3** 

*source: Waste logs for period of 2008-2010 (Agency for environmental protection), **  
Registri otpada za razdoblje 2008-2010. (Agencija za zaštitu okoliša), ** obtained by 
biogas production technology 

Liquid biofuels bioethanol and biodiesel can are produced by hydrolysis and 
esterification of vegetable oils with alcohol. In Osijek-Baranja county, corn and sugar beet 
can be used for production of bioethanol while rapeseed and soy can be used for 
biodiesel production. 

Apart from agriculture crops, there are other ways of biodiesel production. There is a 
growing trend of organized collection and collection of edible waste oils used for food 
preparation in large public facilities. They can be easily used for biodiesel production. 
There are also certain capacities for the treatment of oil emulsions by ultrafiltration and 
the subsequent disposal of the resulting oil concentrate by solidification. Cement plants 
have the capacity to use waste oils for energy purposes. 

Theoretical annual energy potential of bioethanol production from corn and sugar beet 
and biodiesel production from rapeseed and soy is given in Table 4.8 for Osijek-Baranja 
county [23]. 
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Table 4.8 Annual theoretical energy potential of liquid biofuels production in Osijek-
Baranja county [23] 

Raw material 
type 

Raw material 
mass [t/year]* 

Biofuel 
quantity 
[t/year] 

Lower heating 
value [GJ/t] 

Theoretical 
energy 
potential 
[GWh/year] 

Bioethanol 

Corn (a.v.)** 1,100,032 330,962 27 2,482 

Sugar beet 8,048,159 623,887 27 4,679 

Biodiesel 

Rapeseed 463,911 189,351 37 1,946 

Soy 421,738 79,874 37 821 

 

* Calculation is based on average yield of agriculture culture from Statistical anniversaries 
of Republic of Croatia for the period 2006 to 2008 and data of available agriculture land 
for cultivation of energy crops; 
** a.v. – average value between dry milling and wet milling process 

4.3. UNISB potential of renewable energy sources 

Like in a case of climate conditions, Slavonski Brod has a very similar potential of 
renewable energy sources like Osijek, described in section 4.2. 

Heat energy potentials of the renewable energy sources planned to mount on building 
of Strojarski fakultet are based on microclimatic conditions (air temperature, relative 
humidity, wind velocity, sun irradiation) in the area of Slavonski Brod. During the winter 
and summer time stable functionality of the heat pump provides up to maximum thermal 
power with high efficiency (COP). Low air temperatures (-7°C to -10°C) occur very rarely 
and the maximum outdoor air temperature in summer is up to + 33°C / + 35°C. The lowest 
and highest outside air temperatures have a rare frequency and their cumulative values 
are in a short period of time. During that period COP decrease, but rated power of heat 
pump remains constant.
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5. Planned optimal renewable energy system topology and 

building energy management system for the exemplary facilites 

In this section, regarding the features of the location and building for the exemplary 
objects and considering conducted analysis of the energy demand and potential for 
renewable energy sources, the recommendation for the optimal renewable energy 
system, as well as topology of the smart building energy system are proposed. This 
system would improve the energy efficiency of the exemplary object and provide higher 
reliability and better performance on the energy flow control. 

5.1. FTN renewable energy systems 

Renewable energy sources are incorporated into traditional power systems to increase 
the energy efficiency, reduce the power share coming from the fossil fuels and 
dependency from the utility grid.  

According to the analysis of the renewables potential of the exemplary object, the 
following systems are suitable for installation: 

 Photovoltaic system; 

 Solar tree; 

 Photovoltaic based electric vehicle charging station; 

 Renewable energy storage/supply system; 

 Wind energy system; 

 Heating, ventilation and air conditioning (HVAC) system. 

5.1.1. Photovoltaic system 

Since the conditions for the utilization of solar energy are exceptional, the photovoltaic 
(PV) power plant should be constructed on the rooftop of the exemplary object. The 
precise location is depicted in Figure 5.1. The exemplary object is divided into three 
sectors and the PV plant is going to be placed on the rooftop on one of the sectors. 
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Figure 5.1 The location for the PV plant construction. 

The installed power of the PV plant is 50 kW. The block diagram of the PV system is 
given in Figure 5.2. 

 

Figure 5.2 Block diagram of the PV plant. 

PV strings, i.e. a series of the PV panels, are directly connected to three-phase inverter 
unit(s) which transform the DC voltage from the output of PV strings to AC voltage. The 
DC cables that connect PV strings with the inverters are planned for external mounting. 
The inverter(s) have built-in DC/DC converters with the algorithm for the maximum power 
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point tracking. Other electrical equipment such as protective and switching devices are 
placed inside the distribution board. The point between the board and the distribution 
power grid is called the point of common coupling (PCC) and the voltage level in the PCC 
is 0.4 kV. 

Using the PVGIS software tool, it is possible to predict the total production of electrical 
energy of the PV plant monthly and is depicted in Figure 5.13. The total estimated value 
of the energy produced annually is 54.44 MWh. 

 

Figure 5.3 Estimated electrical energy production of the PV plant, located at the 
exemplary object. 

5.1.2. Solar tree 

To utilize available solar energy resources, a solar tree that can be used as assistive 
devices charging station will be located at the “Mašinski institut”, between two building 
sectors. Solar panels will be placed on a solar tree since it is aesthetically attractive, 
enhances the landscape and architecture and yet behaves as a functional power 
generator. 

The installed power of the solar tree system is 2 kW. The block diagram of this system 
is depicted in Figure 5.24. 
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Figure 5.4 Block diagram of the solar tree system used as a generator for assistive 
devices charging station. 

The solar tree is directly connected to the inverter unit that transforms the DC voltage 
from the output of PV panels placed on the solar tree to AC voltage. Electrical equipment 
such as protective and switching devices is placed inside the distribution board. The 
voltage level in the PCC is 0.4 kV. 

Using the PVGIS software tool, it is possible to predict the total production of electrical 
energy of the solar tree monthly, which is depicted in Figure 5.5. The total estimated value 
of the energy produced annually is 2.18 MWh. 

 

Figure 5.5 Estimated electrical energy production of the solar tree used as an assistive 
devices charging station, located at the exemplary object. 

 

 

5.1.3. Photovoltaic based electric vehicle charging station 
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Solar energy is the ideal candidate to fuel green, electric mobility since it provides CO2 
-free electricity that can be used to drive electric vehicles. Looking at the physics, solar is 
complementary to electric mobility, particularly in certain use cases like day charging at 
workplaces or combined with battery capacity at home. By maximizing self-consumption 
ratios of solar electricity generated on-site, the EV owner reduces the need to consume 
energy from the grid, saving on their electricity bill while also reducing grid congestion. 

Regarding the importance of the integration of electric vehicles, as well as the 
significance of clean mobility with solar energy as a cost-competitive and scalable 
candidate, a photovoltaic based electric vehicle charging station is going to be 
constructed in the exemplary object. The installed power of the EV charging station is 3 
kW. The block diagram of this PV system used to produce power for EV charging is 
illustrated in Figure 5.6. 

 

Figure 5.6 Block diagram of the photovoltaic system for the electric vehicle charging 
power production.  

PV system used to power an electric vehicle is directly connected to the inverter unit 
that transforms the DC voltage from the output of the charging station to AC voltage. 
Electrical equipment such as protective and switching devices is placed inside the 
distribution board. The voltage level in the PCC is 0.4 kV.  

 Using the PVGIS software tool, it is possible to predict the total production of electrical 
energy of the PV based system that can be used for charging monthly, which is depicted 
in Figure 5.7. The total estimated value of the energy produced annually is 3.28 MWh. 
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Figure 5.7 Estimated electrical energy production of the PV based system used to 
charge electric vehicles, located at the exemplary object.  

5.1.4. Renewable energy storage/supply system 

Energy storage/supply technologies are used in modern grids in order to enhance the 
reliability of renewable energy sources, improve the resilience of the grid and resolve its 
issues, as well as realize the benefits of smart grids and optimizing generation to suit 
demand. They are usually accompanied by renewable energy sources. Due to the highly 
intermittent nature of the renewables, sometimes it is possible that consumers do not 
need all the energy produced by the source or there is not enough energy as required. 
Therefore, energy storage/supply systems can be used to store energy when the amount 
generated exceeds the demand and inject power into the system during shortages. 
Furthermore, they can be used for the peak shaving application, i.e. to cover the peak 
load. 

Therefore, a renewable energy based storage/supply system is going to be installed 
at the exemplary object in order to provide stabilizing the power output while also 
enhancing the reliability of the system. The block diagram of the energy storage/supply 
system is given in Figure 5.30. The bi-directional power converter is used as an interface 
between the storage/supply system and the grid. Switching and protection equipment is 
placed in the distribution board.  The installed power of the bi-directional converter used 
in the system is 35 kW. The storage/supply system comprises the battery storage system, 
as well as the supercapacitor system. Batteries present an advanced technique for storing 
electrical energy in electrochemical form and have a wide range of use. Supercapacitors 
have a high energy storage capacity due to their high power ability and since the stored 
energy has to be used very quickly, they are able to provide peak shaving and thus 
improve the power profile. 
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Figure 5.8 Block diagram of the energy storage/supply system. 

The battery of the electric vehicles can also be used as a storage/supply unit and can 
enable different grid support functionalities. This is a state-of-art concept that is very 
interesting to the researches and certainly could become a new tool for electric utilities in 
the next decade.   

5.1.5. Wind energy system 

The exemplary public building is located in the region with good potential for wind 
energy development, especially in higher height levels. However, since the area is 
urbanized, there are limited options when it comes to wind energy due to the surrounding 
buildings, trees and other obstacles. Another important issue is the size of the wind 
turbine. Wind turbines can be noisy and require consistent, non-turbulent winds of certain 
speeds that are uncharacteristic of urban environments. However, due to the technology 
improvements wind turbines should be self-starting, ultra-quiet, provide smooth torque, 
and be highly efficient so usable energy can be delivered at modest wind speeds.  

Therefore, a small wind power system is planned to be constructed on the rooftop of 
the “Mašinski institut”. Rooftops are elevated above the ground, where it is windier and 
the electricity is generated right where it is needed. The installed power of the system is 
2kW. The block diagram of the wind power system is given in Figure 5.31. 

 

Figure 5.9 Block diagram of the wind power system. 
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The wind turbine is directly connected to the three-phase inverter unit(s) which 
transform the DC voltage from the output of wind turbine to AC voltage. Protective and 
switching devices are placed inside the distribution board. The voltage level in the PCC 
is 0.4 kV. 

A free online tool from REUK.co.uk is used to estimate the amount of electricity that 
can be generated by a wind turbine with a known rotor diameter, in a location with a 
particular average wind speed. The prediction is that the energy produced annually is 
1.06 MWh and estimated monthly output of the system is depicted in Figure 5.10. 

 

Figure 5.10 Estimated electrical energy production of the wind based system. 

 

5.1.6. Heating, ventilation and air conditioning (HVAC) system 

The exemplary object is primarily dedicated to research and teaching activities of a 
large number of employees and students. All parts of the building are at disposal almost 
the entire day, and thus thermal comfort and acceptable indoor air quality are extremely 
important. Moreover, considering the cost of the heating energy that is consumed in the 
object, the reduction of the heating bill price is beneficial. Therefore, heating, ventilation, 
and air conditioning system (HVAC) is an adequate solution to this problem. HVAC 
systems provide significant energy-saving benefits, have a positive environmental 

impact, can improve air quality by constantly exchanging the indoor air with 

fresh, offer superior humidity control and a variety of other options. 

Therefore, the HVAC system is going to be installed in the exemplary object. The 
system is dedicated to the air conditioning of several laboratories. It is intended to provide 
better insulation of that part of the building in order to achieve greater system efficiency. 

95.4

116.6

135.68

122.96

74.2

56.18
49.82 49.82

58.3

91.16

103.88 106

0

20

40

60

80

100

120

140

160

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

W
in

d
 e

n
e

rg
y
 o

u
tp

u
t 

[k
W

h
]

Month

Monthly energy output from wind system



 

 

107 

Energy-efficient windows and doors should provide insulation for the winter, decrease air 
conditioning use in the summer, and eliminate overall uneven heating and cooling. 

The installed power of the HVAC system is 55 kW. The efficiency of its components 
depends on the relation between HVAC size and facility size, local climate, operation time 
and the type of the fuel HVAC uses. It is decided that the central HVAC system, based 
on air heat pump, with fan coils units. Thus, the volume of this combined system is 
reduced, and the outdoor ventilation is produced to properly condition the desired zone. 
The appropriate thermal medium is responsible for carrying the thermal load in a building 
by 80–90 %, while air medium conditions the remainder.  

The block diagram the HVAC system connection to the grid is depicted in Figure 5.11. 
The system is directly connected to the PCC point at voltage level 0.4 kV, and complete 
equipment dedicated to the switching and protection is placed inside a distribution board. 
The HVAC system uses the thermal energy from different mediums – air, water, etc. If 
that thermal energy is not enough to fulfill all requirements, the remaining energy for 
heating/cooling process is taken from the grid. 

 

Figure 5.11 Block diagram of the HVAC system. 

5.2. KCV renewable energy systems 

One of the possible strategies for the increase in energy efficiency is to incorporate 
renewable energy sources into traditional power systems. If the power is partially 
produced by the renewables, the power share coming from the fossil fuels is decreased 
and thus greenhouse gas emission is reduced. Furthermore, the reduction in the energy 
provided by the power grid would lead to a significant money savings. Also, reduced risk 
of loss from grid blackouts is another benefit regarding less dependence of the object on 
the energy coming from the grid. This concept provides sustainable renewable energy to 
the grid and reduces the need for grid expansion. 

According to the analysis of the renewables potential of the exemplary objects, the 
following systems are going to be constituted: 

 Photovoltaic system on the roof of Radiology clinic;  
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 Photovoltaic system on the roof of Emergency center;  

 Photovoltaic system on the parking inside KCV complex; 

 Solar thermal system on the roof of Medical Rehabilitation clinic; 

 Charging station for electric vehicles and assistive devices; 

 Biodiesel backup generator system with biodiesel production; 

 Building energy management system.  

Radiology clinic has flat roof making the PV power plant construction and utilization 
completely justified. The installed power of the PV plant is 50 kW, the panel slope is 10 
degrees and azimuth angle is 90 degrees. The block diagram of the PV system on the 
rooftop of the Radiology clinic is given in Figure 5.12.  

 

Figure 5.12 Block diagram of the PV plant on the Radiology clinic roof 

PV strings, i.e. a series of the PV panels, are directly connected to three-phase inverter 
unit(s) which transform the DC voltage from the output of PV strings to AC voltage. The 
DC cables that connect PV strings with the inverters are planned for external mounting. 
The inverter(s) have built-in DC/DC converters with the algorithm for the maximum power 
point tracking thus enabling highly efficient energy conversion. Other electrical equipment 
such as protective and switch devices are placed inside the distribution board. The point 
between the board and the distribution power grid is called the point of common coupling 
(PCC) and the voltage level in the PCC is 0.4 kV. Using the PVGIS software tool, it is 
possible to predict the total monthly electrical energy production of the PV plant and this 
projection is depicted in Figure 5.13. The total estimated value of the energy produced 
annually is 51.36 MWh. 
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Figure 5.13 Estimated electrical energy production of the PV plant, located on the 
Radiology clinic rooftop. 

Emergency center has flat roof making the PV power plant construction and utilization 
completely justified. The installed power of the PV plant is 50 kW, the panel slope is 10 
degrees and azimuth angle is 90 degrees. The block diagram of the PV system on the 
rooftop of the Emergency center is given in Figure 5.14. PV strings, i.e. a series of the PV 
panels, are directly connected to three-phase inverter unit(s) which transform the DC 
voltage from the output of PV strings to AC voltage. The DC cables that connect PV 
strings with the inverters are planned for external mounting. The inverter(s) have built-in 
DC/DC converters with the algorithm for the maximum power point tracking thus enabling 
highly efficient energy conversion. Other electrical equipment such as protective and 
switch devices are placed inside the distribution board. The point between the board and 
the distribution power grid is called the point of common coupling (PCC) and the voltage 
level in the PCC is 0.4 kV.  
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Figure 5.14 Block diagram of the PV plant on the Emergency center rooftop 
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Using the PVGIS software tool, it is possible to predict the total monthly electrical 
energy production of the PV plant and this projection is depicted in Figure 5.15. The total 
estimated value of the energy produced annually is 51.38 MWh. 

 

Figure 5.15 Estimated electrical energy production of the PV plant, located on the 
Emergency center rooftop 

For the PV power plant on the parking inside KCV complex the supporting structure 
needs to be constructed, so that passenger vehicles can park below the PV plant but also 
the construction must withstand different weather conditions like strong wind etc. 
Supporting structure will be set so that the utilization of the PV panels is maximized. The 
installed power of the PV plant is 150 kW, the panel slope is 10 degrees and azimuth 
angle is 90 degrees. The block diagram of the PV system on the parking is given in Figure 
5.16.  

~
-

Distribution Board
Switching & Protection 

Equipment PV panels

AC cable
PCC

@ 0,4 kV

DC cable

PV Inverter(s)

PV System

150 kW PV System  

Figure 5.16 Block diagram of the PV plant on KCV parking 

PV strings, i.e. a series of the PV panels, are directly connected to three-phase inverter 
unit(s) which transform the DC voltage from the output of PV strings to AC voltage. The 
DC cables that connect PV strings with the inverters are planned for external mounting. 
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The inverter(s) have built-in DC/DC converters with the algorithm for the maximum power 
point tracking thus enabling highly efficient energy conversion. Other electrical equipment 
such as protective and switch devices are placed inside the distribution board. The point 
between the board and the distribution power grid is called the point of common coupling 
(PCC) and the voltage level in the PCC is 0.4 kV. Using the PVGIS software tool, it is 
possible to predict the total monthly electrical energy production of the PV plant and this 
projection is depicted in Figure 5.17. The total estimated value of the energy produced 
annually is 155.14 MWh. 

 

Figure 5.17 Estimated electrical energy production of the PV plant, located on the KCV 
parking 

During the power consumption analysis it is confirmed that this facility has a huge need 
for energy that is used for heating water mainly in swimming pools and equipment used 
for rehabilitation. However, current system uses different previously described methods 
for heating water, which is rendered as inefficient and non-environmental friendly. On the 
other hand, analysis of the solar potential has confirmed that the location of this facility 
hold great solar potential thus the conclusion to install a 30 kW solar-thermal system on 
the rooftop of this facility is completely justified. In Figure 5.18, the average monthly solar 
irradiance that is expected on the location of this facility is shown, whereby in Figure 5.19 
a block diagram of the solar-thermal system planned to be installed on the facility rooftop, 
is shown. As can be observed in Figure 5.19, solar-thermal system has classical 
configuration. The cold water is pumped through the boiler where it is heated and then 
returned to the swimming pool. The heat energy is generated by the solar collector 
located on the rooftop of the building.  
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Figure 5.18 Monthly solar irradiance on the location of the Medical Rehabilitation Clinic 

 

Figure 5.19 Block diagram of solar thermal system located on Medical Rehabilitation 
clinic roof 

Based on the available software for solar thermal system performance prediction and 
available weather data for the location and heat demand of the Medical Rehabilitation 
Clinic values shown in Table 5.1 and Table 5.2 are obtained. Solar thermal energy (Qsol) 
delivered to the system on a monthly basis is shown in Figure 5.20, and it can be inferred 
that highest energy delivery occurs in May and Jun and lowest in November and 
December.  
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Table 5.1  Solar thermal system properties  

Parameter Value 

Number of collectors 20 

Number of arrays 1 

Tilt angle 45° 

Orientation 0° 

Collector field yield  19991.1 kWh 

Temperature setting  45°C 

Table 5.2 Overview of solar thermal energy (annual values) 

Parameter Value 

Collector area 51.6 m2 

Solar fraction total 43.5% 

Total annual field yield 19991.1 kWh 

Collector field yield relating to gross area 387,4 kWh/m2/Year 

Collector field yield relating to aperture area 442.3 kWh/m2/Year 

Max. energy savings  23519 kWh 

Max. reduction in CO2 emissions 7072 kg 

 

 

Figure 5.20 Solar thermal energy delivered to the system [kWh] 

As previously described waste oil is one of the waste products of hospital kitchen 
operation, a proper environmental friendly disposal of the waste oil is expensive and 
relatively complicated therefore a system that enables the waste oil recycling and reusing 
is completely justified. The principal scheme of the waste oil processing system is shown 
in Figure 5.21. It employs standard industrial waste oil processor that is available on the 
market and as a result, a biodiesel fuel is obtained. This biodiesel fuel can be used either 
for vehicles like emergency vans or for diesel generators in KCV complex that operate 
during partial or complete power failure.  
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Figure 5.21 System for bio-diesel production from waste oil 

This system offers a viable solution for waste oil disposal as well as for supplying all 
consumers that require fuel for its operation. It is estimated that the amount of waste oil 
produced at hospital kitchen is sufficient to ensure a steady amount of waste oil for 
constant bio fuel production.  

When it comes to the KCV complex, and more precisely hospital kitchen the 
consumption of cooking oil is estimated to be between 150 and 160 liter per month. At 
the same time this is roughly the amount of the waste oil that is generated on monthly 
bases that if not recycled must be properly stored or disposed. Therefore recycling of the 
waste oil and converting it to biodiesel has two fold positive impact which is firstly 
elimination of the necessity for storage of expensive and complicated disposal 
procedures and secondly replacing the regular diesel fuel that is used on daily bases in 
KCV with more environmental friendly biodiesel. 

The amount of the biodiesel produced is sufficient for normal operation of the backup 
generators with the power of the 2x250 kW. 

5.3. FERIT renewable energy systems 

According to the analysis of the renewables potential of the exemplary objects of the 
FERIT, following systems are going to be constituted: 

 80 kW photovoltaic (PV) systems in Trpimirova street consisting of 75 kW PV 
system on the roof/wall of building and 5 kW PV based e-bike charging station 
in the yard 

 40 kW PV systems in Cara Hadrijana street consisting of 35 kW PV system on 
the roof/wall of building and 5 kW PV based e-bike charging station in the yard 

 Minimally 20 kW renewable energy storage/supply system in building in 
Trpimirova street; 

 6 kW wind energy system in building yard in Trpimirova street; 
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5.3.1. Photovoltaic systems on the buildings roofs 

PV systems utilize solar irradiation for direct conversion of solar energy into electricity. 
There are two basic elements of PV systems, PV array and inverter on which PV modules 
are connected. 

PV array consists of series-parallel connected PV modules which topology depends 
on the size of the array and inverter characteristics. Since output of the PV modules is 
DC electricity, in order to integrate PV systems into AC power grid, converter unit is 
necessary. This unit is called inverter which is power electronics device that converts DC 
electricity into AC electricity suitable for the power grid. The DC cables that connect PV 
strings with the inverters are planned for external mounting. Other electrical equipment 
such as protective and switching devices are placed inside the distribution board. The 
point between the board and the distribution power grid is called the point of common 
coupling (PCC) and the voltage level in the PCC is 0.4 kV. 

Proposed PV systems for FERIT project partner have nominal power of 120 kW. This 
power will be distributed on two FERIT buildings roofs located in Trpimirova and Cara 
Hadrijana street. Preliminary design of the systems proposed that system with nominal 
power of around 80 kW will be installed on building in Trpimirova street and around 40 kW 
on building in Cara Hadrijana.  

80 kW PV systems in Trpimirova street 

75 kW PV system is planned to be installed on South-oriented roof/wall surfaces on 
different angles, depending on the roof/wall section. Azimuth of the building is 0 ° (South 
is reference). Tilt angle of the roof section on which PV modules will be installed varies 
from 20 ° to 30°. Block diagram of 75 kW PV system is given in Figure 5.22 while 3D 
model of the system is given in Figure 5.23. 

 

 

Figure 5.22 Block diagram of 75 kW PV system on building in Trpimirova street 

 

75 kW PV system 

Building roof 
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Figure 5.23 Preliminary 3D model of 75 kW PV system on building roof in Trpimirova 
street (with possible wall-mounted modules depending on roof shading)  

The global e-bike market is expected to grow at a CAGR of 6.39%, during the forecast 
period, i.e. 2019-2024, according to [25]. Apart from the growing consumer preference 
toward recreational and adventure activities, the adoption of e-bike applications in several 
sectors, like logistics and e-bike rental services, is expected to drive the market studied 
during the forecast period. This is affordable and efficient transportation to the masses. 
Assuming that the number of electric bicycles is going to grow and considering that there 
is a large number of students and employees at the Faculty that may use this attractive 
technology, electric bike and assistive device (such as mobile phone) charging station is 
going to be constructed. This charging station is powered with solar energy and eco-
friendly.  

The e-bike charging station is going to be a part of 80 kW PV system located at the 
building in Trpimirova street. PV panels are going to be placed on a charging station roof 
since it is aesthetically attractive, enhances the landscape and architecture and yet 
behaves as a functional power generator. 

The installed power of the PV based e-bike charging station is 5 kW and will be 
mounted on PV trackers in order to maximize PV electricity production during working 
hours. The block diagram of this system is depicted in Figure 5.24. 
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Figure 5.24 Block diagram of 5 kW PV based e-bike charging station. 

The PV system is directly connected to the inverter unit that transforms the DC voltage 
from the output of PV panels placed on the solar tree to AC voltage. Electrical equipment 
such as protective and switching devices are placed inside the distribution board. The 
voltage level in the PCC is 0.4 kV. 

If we assume to use monocrystalline silicon modules SUNCECO SEM 300W-HE, 
which technical characteristics are given in Table 5.3, for the PV modules of the system, 
PV array will consists of around 267 PV modules with nominal power of 300 W which 
results in total output power of 80.1 kW at the DC side of the system.  

Table 5.3 – Technical characteristics of PV modules [26]. 

SUNCECO SEM 300W-HE 

Nominal power Pmax 300 W 

Maximum power point 

voltage 
UMPP 32.9 V 

Maximum power point 
current 

UMPP 9.12 A 

Short-circuit current UOC 9.58 A 

Open-circuit voltage ISC 39.7 V 

Efficiency η 18.3 % 

Maximum system 
voltage 

 1000 V 

Dimensions  1650 x 992 x 35 mm 

Weight  18,5 kg 

Operating temperature  -40 do +85 °C 

Number of cells  60 pcs. 

Based on Solar energy potential for Osijek, monthly forecast of electricity production 
for 80 kW (75 kW + 5 kW) PV systems is determined using PVSOL Premium software 
package and given in Figure 5.25. Total annual production of the PV system is around 95 
MWh. 

Charging station roof 

5 kW solar charging station system 
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Figure 5.25 Estimated electricity production of 80 kW PV systems on building in 
Trpimirova street 

40 kW PV system on building in Cara Hadrijana street 

35 kW PV system is planned to be installed on South-oriented roof surfaces on 
different angles, depending on the roof section. Azimuth of the building is 19 ° to West 
(South is reference). Tilt angle of the roof section on which PV modules will be installed 
varies from 0 ° to 20°. Block diagram of 35 kW PV system is given in Figure 5.26 while 
3D model of the system is given in Figure 5.27. 

 

 

Figure 5.26 Block diagram of 35 kW PV system on building in Cara Hadrijana street 

 

 

 

 

35 kW PV system 

Building roof 



 

 

119 

 

 

 

Figure 5.27 Preliminary 3D model of 35 kW PV system on building roof in Cara 
Hadrijana street 

Similar to PV system in Trpimirova street, the e-bike charging station is going to be a 
part of 40 kW PV system located at the building in Cara Hadrijana street. PV panels are 
going to be placed on a charging station roof since it is aesthetically attractive, enhances 
the landscape and architecture and yet behaves as a functional power generator. 

The installed power of the PV based e-bike charging station is 5 kW and will be 
mounted on PV trackers in order to maximize PV electricity production during working 
hours. The block diagram of this system is depicted in Figure 5.28. 

 

 

Figure 5.28 Block diagram of 5 kW PV based e-bike charging station. 

Charging station roof 

5 kW solar charging station system 
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The PV system is directly connected to the inverter unit that transforms the DC voltage 
from the output of PV panels placed on the solar tree to AC voltage. Electrical equipment 
such as protective and switching devices are placed inside the distribution board. The 
voltage level in the PCC is 0.4 kV. 

If we assume to use monocrystalline silicon modules SUNCECO SEM 300W-HE, 
which technical characteristics are given in Table 5.3, for the PV modules of the system, 
PV array will consists of around 134 PV modules with nominal power of 300 W which 
results in total output power of 40.2 kW at the DC side of the system. 

Based on Solar energy potential for Osijek, monthly forecast of electricity production 
for the proposed 40 kW (35 kW + 5 kW) PV systems is determined using PVSOL Premium 
software package and given in Figure 5.29. Total annual production of the PV system is 
around 40 MWh. 
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Figure 5.29 Estimated electricity production of 40 kW PV systems on building in Cara 
Hadrijana street 

5.3.2. Renewable energy storage/supply system 

Energy storage/supply technologies are used in modern grids in order to enhance the 
reliability of renewable energy sources, improve the resilience of the grid and resolve its 
issues, as well as realize the benefits of smart grids and optimizing generation to suit 
demand. They are usually accompanied by renewable energy sources. Due to the highly 
intermittent nature of the renewables, sometimes it is possible that consumers do not 
need all the energy produced by the source or there is not enough energy as required. 
Therefore, energy storage/supply systems can be used to store energy when the amount 
generated exceeds the demand and inject power into the system during shortages. 
Furthermore, they can be used for the peak shaving application, i.e. to cover the peak 
load. 

Therefore, a renewable energy storage/supply system is going to be installed at the 
exemplary object in Trpimirova street in order to provide stabilizing the power output while 
also enhancing the reliability of the system. The block diagram of the energy 
storage/supply system is given in Figure 5.30. The bi-directional power converter is used 
as an interface between the storage/supply system and the grid. Switching and protection 
equipment is placed in the distribution board.  The installed power of the bi-directional 
converter used in the system is minimum 20 kW, depending on financial resources of the 
project. The storage/supply comprises the battery storage system, as well as the 
supercapacitor system. Batteries present an advanced technique for storing electrical 
energy in electrochemical form and have a wide range of use. Supercapacitors have a 
high energy storage capacity due to their high-power ability and since the stored energy 
has to be used very quickly, they are able to provide peak shaving and thus improve the 
power profile. 
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Figure 5.30 Block diagram of the energy storage/supply system. 

The battery of the electric vehicles can also be used as a storage/supply unit and can 
enable different grid support functionalities. This is a state-of-art concept that is very 
interesting to the researches and certainly could become a new tool for electric utilities in 
the next decade.   

5.3.3. Wind energy system 

The exemplary public building is in the region with moderate potential for wind energy 
development, especially in higher height levels. However, since the area is urbanized, 
there are limited options when it comes to wind energy due to the surrounding buildings, 
trees and other obstacles. Another important issue is the size of the wind turbine.  Wind 
turbines can be noisy and require consistent, non-turbulent winds of certain speeds that 
are uncharacteristic of urban environments. However, due to the technology 
improvements wind turbines should be self-starting, ultra-quiet, provide smooth torque, 
and be highly efficient so usable energy can be delivered at modest wind speeds.  

Therefore, a small wind power system is planned to be constructed in the yard of the 
building in Trpimirova street. The installed power of the system is 6 kW. The block 
diagram of the wind power system is given in Figure 5.31. 

Figure 5.31 Block diagram of the wind power system. 

The wind turbine(s) is(are) directly connected to the three-phase inverter unit(s) which 
transforms the DC voltage from the output of wind turbine to AC voltage. Protective and 
switching devices are placed inside the distribution board. The voltage level in the PCC 
is 0.4 kV. 

6 kW Wind Power System 

min 20 kW Bi-directional Battery System 
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A HOMER Pro software tool [27] is used to estimate the amount of electricity that can 
be generated by a wind turbine with 6 kW nominal output power and with wind energy 
potential of Osijek. Monthly forecast of electricity production by such wind energy system 
is given in Figure 5.32. The prediction is that the energy produced annually is 4.431 MWh. 

However, the final decision on number and type of small wind turbine(s) that will be 
installed with total rated power of 6 kW will be determined depending on market research 
and availability. 

 

Figure 5.32 Estimated electricity production of 6 kW wind energy system located at the 
exemplary object in Trpimirova street. 

5.4. KBCO renewable energy systems 

According to the analysis of the renewables potential of the exemplary objects of 
KBCO, the following systems are going to be constituted: 

 110 kW photovoltaic (PV) system on the roof of central kitchen; 

 120 kW PV system on the roofs of Department of Oncology and Department of 
Diagnostical and Interventional Radiology; 

 125 kW biodiesel generator and biodiesel production system for additional 125 
kW;  
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5.4.1. Photovoltaic systems on the buildings roofs 

PV systems utilize solar irradiation for direct conversion of solar energy into electricity. 
There are two basic elements of PV systems, PV array and inverter on which PV modules 
are connected. 

PV array consists of series-parallel connected PV modules which topology depends 
on the size of the array and inverter characteristics. Since output of the PV modules is 
DC electricity, in order to integrate PV systems into AC power grid, converter unit is 
necessary. This unit is called inverter which is power electronics device that converts DC 
electricity into AC electricity suitable for the power grid. The DC cables that connect PV 
strings with the inverters are planned for external mounting. Other electrical equipment 
such as protective and switching devices are placed inside the distribution board. The 
point between the board and the distribution power grid is called the point of common 
coupling (PCC) and the voltage level in the PCC is 0.4 kV. 

Proposed PV systems for KBCO project partner have nominal power of 230 kW. This 
power will be distributed on three KBCO buildings roofs located in Huttler street. 
Preliminary design of the systems proposed that system with nominal power of around 
110 kW will be installed on building central kitchen and around 120 kW on buildings of 
Department of Oncology and Department of Diagnostical and Interventional Radiology.  

110 kW PV system on building of central kitchen 

110 kW PV system is planned to be installed on horizontal roof surface. Azimuth of the 
building is 3 ° to East (South is reference). PV modules will be installed under optimal 
annual inclination angle of 35°. Block diagram of the PV system is given in Figure 5.33 
while 3D model of the system is given in Figure 5.34. 

 

 

Figure 5.33 Block diagram of the PV systems on building of central kitchen 

 

110 kW PV system 

Building roof 
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Figure 5.34 3D model of PV system on building of central kitchen 

If we assume to use monocrystalline silicon modules SUNCECO SEM 300W-HE, 
which technical characteristics are given in Table 5.4, for the PV modules of the system, 
PV array will consists of around 367 PV modules with nominal power of 300 W which 
results in total output power of 110.1 kW at the DC side of the system.  
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Table 5.4 Technical characteristics of PV modules [26]. 

SUNCECO SEM 300W-HE 

Nominal power Pmax 300 W 

Maximum power point 
voltage 

UMPP 32.9 V 

Maximum power point 
current 

UMPP 9.12 A 

Short-circuit current UOC 9.58 A 

Open-circuit voltage ISC 39.7 V 

Efficiency η 18.3 % 

Maximum system 
voltage 

 1000 V 

Dimensions  1650 x 992 x 35 mm 

Weight  18,5 kg 

Operating temperature  -40 do +85 °C 

Number of cells  60 pcs. 

Based on Solar energy potential for Osijek, monthly forecast of electricity production 
for the proposed PV system is determined using PVSOL Premium software package and 
given in Figure 5.35. Total annual production of the PV system is around 117 MWh. 

 

Figure 5.35 Estimated electricity production of 110 kW PV system of central kitchen 

120 kW PV system on buildings of Department of Oncology and Department of 

Diagnostical and Interventional Radiology 

120 kW PV system is planned to be installed on roof surfaces on different angles, 
depending on the roof section. First part of PV array will be installed on horizontal surface 
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of building of Department of Oncology under optimal inclination angle of 34°. Azimuth of 
the building is 1° to the West (South is reference). Second part of PV array will be installed 
on horizontal and tilted surfaces of building of Department of Diagnostical and 
Interventional Radiology under various tilt angles. Part of the photovoltaic array will be 
installed on horizontal surface under optimal tilt angle of 34° while the rest will be installed 
on tilted roof surfaces under 32° tilt angle. Azimuth of the building is 2° to the West (South 
is reference). Block diagram of the PV system is given in Figure 5.36 while 3D model of 
the system is given in Figure 5.37. 

 

 

Figure 5.36 Block diagram of the PV system on buildings of Department of Oncology 
and Department of Diagnostical and Interventional Radiology 

 

Figure 5.37 3D model of PV system on buildings of Department of Oncology and 
Department of Diagnostical and Interventional Radiology 

If we assume to use monocrystalline silicon modules SUNCECO SEM 300W-HE, 
which technical characteristics are given in Table 5.4, for the PV modules of the system, 

120 kW PV system 

Building roof 
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PV array will consists of 400 PV modules with nominal power of 300 W which results in 
total output power of 120 kW at the DC side of the system.  

Based on Solar energy potential for Osijek, monthly forecast of electricity production 
for the proposed PV system is determined using PVSOL Premium software package and 
given in Figure 5.38. Total annual production of the PV system is around 130 MWh. 

 

Figure 5.38 Estimated electricity production of PV system on building in Cara Hadrijana 
street 

5.4.2. Biodiesel generator and biodiesel production system 

As previously described, waste oil is one of the waste products of KBCO central kitchen 
operation. Proper environmentally friendly disposal of the waste oil is expensive and 
relatively complicated, therefore, a system that enables the waste oil recycling and 
reusing is completely justified. The principal scheme of the waste oil processing system 
is shown in Figure 5.39. It employs standard industrial waste oil processor that is available 
on the market and as a result of a biodiesel fuel is obtained. This biodiesel fuel can be 
used either for vehicles like emergency vans or for diesel and biodiesel generators in 
KBCO complex that operate during partial of complete blackout of electric power supply. 

 

Figure 5.39 Principal schematic of system for biodiesel production from waste oil 
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This system offers a viable solution for waste oil disposal as well as for supplying all 
consumers that require fuel for its operation. It is estimated that the amount of waste oil 
produced at KBCO central kitchen is enough to ensure a steady amount of waste oil for 
constant biofuel production. 

By analyzing the consumption of cooking oil used by KBCO central kitchen, it has been 
found out that 1000 liters of waste oil is generated on an annual basis. At the same time, 
this is roughly the amount of the waste oil that is generated on monthly basis that is not 
recycled and must be properly stored or disposed. Therefore, recycling of the waste oil 
and converting it to biodiesel has twofold positive impact which is elimination of necessity 
for storage of expensive and complicated disposal procedures and replacing the regular 
diesel fuel that is used on daily basis in KBCO with more environmentally friendly 
biodiesel fuel. 

Furthermore, new 125 kW biodiesel generator will be installed in order to fully utilize 
biodiesel production potential. Generator will serve as a backup electricity supply during 
partial or total blackouts. Block diagram of the PV system is given in Figure 5.40. 

 

Figure 5.40 Block diagram of biodiesel generator system 

 

 

5.5. UNISB renewable energy systems 

5.5.1. Solar-Thermal systems 

In order to increase energy efficiency through the use of renewable energy sources, 
the construction of a thermo-technical system from hot-water solar collectors, an air-to-
water heat pump and a condensation flow apparatus with natural gas propulsion is 
envisaged. Electricity supply will be provided through a photovoltaic system by absorbing 
solar radiation. The customized method of installation on the building and the construction 
of the installation will retain the external architectural form with optimal year-round 
utilization of external energy potential (outdoor air, solar insulation). The fan / convector 
will use heat / cooling energy to heating / cooling certain rooms in the building. The 
installed thermal power of the solar collectors is 25 kW and the heat pumps total  60 kW 
at appropriate external microclimate conditions and solar insulation at the location. The 

Biodiesel generator 

125 kW biodiesel generator system 
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thermotechnical system will be properly dimensioned, thermally and hydraulically 
balanced with very little heat loss of energy transfer. The maximum hot water temperature 
will be up to 80° C and the cold water operating mode 7/12°C.  Technical connectivity 
and appropriate drive and control elements and circuits, as well as custom software 
support, will enable thermo-technical functionality, optimal energy efficiency and 
monitoring of relevant thermo-technical parameters during use. Consumers' energy 
needs (thermal / cooling) will be continually adjusted and supplemented according to the 
available state of the renewable energy source (1. Solar collectors, 2. Heat pump, 3. Gas-
fired condensing circulation apparatus), depending on the external microclimatic 
conditions and solar insolation. 

5.5.2. Photovoltaic systems 

Photovoltaic systems utilize solar irradiation for direct conversion of solar energy into 
electricity. There are two basic elements of photovoltaic systems, photovoltaic array and 
inverter on which photovoltaic modules are connected. 

Photovoltaic array consists of series-parallel connected photovoltaic modules which 
topology depends on the size of the array and inverter characteristics. Since output of the 
photovoltaic modules is DC electricity, in order to integrate photovoltaic systems into AC 
power grid, converter unit is necessary. This unit is called inverter which is power 
electronics device that converts DC electricity into AC electricity suitable for the power 
grid. 

Proposed roof photovoltaic systems for UNISB project partner have minimum nominal 
power of 60-64 kW. This power will be distributed on UNISB building located in Ivan 
Gundulić Street. This system will be described in this section. Final distribution of power 
and topology of the photovoltaic systems will be determined in the main electrical 
engineering project. 

Mostly, PV modules will be mounted on the south side of the roof of the object. One 
section of the PV modules will be added to façade of the building and one section will be 
on tracker construction in the yard of the building.   

Photovoltaic system is planned to be installed on South-oriented roof surfaces on 
different angles, depending on the roof section. Azimuth of the building is 0° (South is 
reference). Tilt angle of the roof section on which photovoltaic modules will be installed 
varies from 14° (roof) to 61° (façade). Conceptual design of the roof PV system proposed 
nominal output power of photovoltaic array of 60-64 kW while nominal output power of 
the inverters is approximately 65 kW. Total area of photovoltaic array is 407 m2. 3D model 
of the proposed photovoltaic system is given in Figure 5.41. 
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Figure 5.41 3D model of photovoltaic and solar-thermal system on building in I. 
Gundulić Street 

Photovoltaic roof arrays consist of approximately 200-220 photovoltaic modules with 
nominal power of 300 - 320 W which results in total output power of 60 - 64 kW at the DC 
side of the system. Façade PV system consists of 20 modules.   

Proposed photovoltaic modules are monocrystalline silicon modules SUNCECO SEM 
300W-HE which technical characteristics are given in Table 5.5.  
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Table 5.5 Technical characteristics of photovoltaic modules SUNCECO SEM 
300W-HE 

SUNCECO SEM 300W-HE 

Nominal power Pmax 300 W 

Maximum power point 
voltage 

UMPP 32,9 V 

Maximum power point 

current 
UMPP 9,12 A 

Short-circuit current UOC 9,58 A 

Open-circuit voltage ISC 39,7 V 

Efficiency η 18,3 % 

Maximum system 
voltage 

 1000 V 

Dimensions  1650 x 992 x 35 mm 

Weight  18,5 kg 

Operating temperature  -40 do +85 °C 

Number of cells  60 pcs. 

Conceptual design of the roof system proposed that photovoltaic array consists of 8 
photovoltaic strings connected to 4 equally rated inverters. Each inverter has two 
photovoltaic strings connected at its inputs. Six photovoltaic strings consist of 22 series-
connected photovoltaic modules installed on 4 equal roof surfaces at 14° angle. Last two 
photovoltaic strings consist of 2 parallel-connected branches of 22 and 23 series-
connected photovoltaic modules. During the design of photovoltaic array, technical 
characteristics of the inverters are considered as well as lowest possible probability of 
shading occurrence during the year. Facade PV system consists of a string with 20 series 
connected PV modules and inverter 10 kW.   

5.6. Building energy management systems 

Building energy management system represents superior control and management 
system for sources of electricity alongside with electric loads into one fully controllable 
unit. This is realised with Supervisory Control and Data Acquisition System (SCADA) 
which is computer-based system for control and management of processes. In our case, 
sources of electricity are renewable energy-based while the electric loads represent 
building loads. In the area of electrical engineering, this unit represents microgrid which 
is an emerging concept while its SCADA system represents its superior control and 
management system. 

SCADA system consists of fully coordinated ICT systems that supervise and control 
every element in the microgrid. 
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Basic block diagram of building energy management system for FTN buildings is given 
in Figure 5.42, for KCV buildings in Figure 5.43, for FERIT building in Trpimirova street in 
Figure 5.44, for KBCO buildings in Figure 5.45 while  for UNISB. 

At the PCC point of all of these systems smart meters will be placed and collect 
information about electrical quantities and consequently reconstruct the power quality, 
production and consumption. Sensing devices are going to be placed in all systems to 
monitor environmental variables such as solar irradiance, temperature, humidity, air 
speed and direction, etc. This data is sent to the BEMS system and processed. Based on 
all inputs, BEMS provides outputs – control signals for controllers so that the automation 
of all ongoing processes is possible regarding the energy efficiency maximization. In this 
manner, the maximal energy efficiency should be realized, as well as optimal and 
coordinate operation of all units. 

 

Figure 5.42 Basic block diagram of building energy management system for FTN 
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Figure 5.43 Basic block diagram of building energy management system for KCV 
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Figure 5.44 Basic block diagram of building energy management system for FERIT 
building in Trpimirova street 
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Figure 5.45 Basic block diagram of KBCO building energy management system 
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6. Installed renewable energy systems for the exemplary facilities 

6.1. FTN renewable energy systems 

In accordance with described renewable energy potential given in section 4.1 and 
renewable energy implementation plan presented in section 5.1Error! Reference source 
not found., the following systems have been installed: 

 Photovoltaic system; 

 Solar tree; 

 Photovoltaic based electric vehicle charging station; 

 Renewable energy storage/supply system; 

 Wind energy system; 

 Heating, ventilation and air conditioning (HVAC) system. 

6.1.1. Photovoltaic system 

A photovoltaic system is installed on the rooftop of one of the sectors of the “Masinski 
institut” building, shown in Figure 6.1 .   
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Figure 6.1 PV plant on the rooftop of the FTN building 

PV strings, i.e. a series of the PV panels, are directly connected to three-phase inverter 
unit. There are 180 PV panels Luxor Solar LX-285P in total, with the peak power 285 Wp. 
Table 6.1 shows technical data related to the selected PV moduls. 

Table 6.1 PV modules technical data 

Electrical data at STC 

Rated power Pmpp [Wp] 285.00 
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Pmpp range to 291.49 

Rated current Impp [A] 8.94 

Rated voltage Vmpp [V] 31.92 

Short-circuit current Isc [A] 9.46 

Open-circuit voltage Uoc [V] 39.17 

Efficiency at STC up to 17.54% 

Efficiency at 200 W/m2 16.96% 

Electrical data at NOCT  

Power at Pmpp [Wp] 211.77 

Rated current Impp [A] 7.15 

Rated voltage Vmpp [V] 29.61 

Short-circuit current Isc [A] 7.64 

Open-circuit voltage Uoc [V] 36.17 

Limiting values 

Max. system voltage [V] 1000 V oder 1500 V 

Max. return current [I] 25 A 

Operating Temperature - 40 to 85°C 

Safety class II 

Max. tested pressure load [Pa]2 5400 

Max. tested tensile load [Pa]2 2400 

The ABB solar inverter PVS-50-TL has built-in DC/DC converters with the algorithm 
for the maximum power point tracking. The installed inverter is depicted in Figure 6.2. 

 

Figure 6.2 ABB solar inverter 
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Technical data of the ABB solar inverter is summarized in Table 6.2. 

Table 6.2 ABB PVS-50-TL solar inverter technical characteristics 

Table: Technical Data PVS-50-TL 

Input  

Absolute Maximum Input Voltage 
(Vmax,abs) 

1000 V 

Input start-up voltage (Vstart) 420…700 V (default 420 V) 

DC Input operating interval 
(Vdcmin...Vdcmax) 

0.7xVstart ...950 V (min 300 V) 

Rated DC Input Voltage (Vdcr) 610 Vdc 

DC Input Nominal Power(Pdcr) 52000 W 

Number of Independent MPPT 
3 (-SX and -SX2 version) / 1 (standard and -S 

version) 

Max DC Input power for each MPPT 
(PMPPT,max) 19300W@30°C/17500 W@45°C 

MPPT DC Voltage Range 
(VMPPTmin ... VMPPTmax) to Pacr 480-800 Vdc 

Maximum DC Input Current 
(Idcmax) 

for each MPPT 
36 A 

Maximum Return current (AC side 
vs DC side) 

Negligible in normal operating conditions (3) 

Max short circuit current (Iscmax) for 
each MPPT 

55 A (165A in case of parallel MPPTs) 

Number of DC Connection Pairs for 
each MPPT 

5 (-SX and -SX2 versions) 

Type of Input DC Connectors 

Screw terminal block max. cross-section 95mm2 
(Standard and -S version) 

PV quick fit connector (4) (-SX and -SX2 version) 

Type of photovoltaic panels that can 
be connected at input according to 

IEC 61730 
Class A 

Input protection  

Reverse Polarity Protection Yes, from current limited source 

Input overvoltage protection for each 
MPPT - 

SPD 
Yes, 1 for each MPPT 

Input overvoltage protection for each 
MPPT - 

surge arrester 
Type II/Type I+II (optional) 

Isolation Check Complying with the local standard 

Characteristics of DC disconnect 
switch for each MPPT (versions with 

1000 V / 60 A for each MPPT (180 A in case of 
parallel MPPTs) 
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DC disconnect switch) 

String fuses (-SX/-SX2 versions) 15A (gPV / 1000Vdc) (6) 

Output  

AC Connection to the grid 

3W + GND (no N connection) or 4W + GND (with N 
connection), 

Grounded WYE system only 

Nominal AC Output Power (Pacr 
@cosφ=1) 

50000 W 

Maximum AC Output Power 
(Pacmax @cosφ=1) 

55000 W up to 30°C 

Maximum apparent Output power 
(Smax) 

55000 VA up to 30°C 

Rated AC Output Voltage (Vacr) 400 V 

Output voltage range 
(Vacmin...Vacmax) 

320...480 V (1) 

Maximum output current (Iacmax) 80 A 

Contribution to short-circuit current 92 A 

Rated Output Frequency (fr) 50 Hz / 60 Hz 

Output Frequency Range 
(fmin...fmax) 

47...53 Hz / 57…63 Hz (2) 

Nominal power factor and setting 
interval 

> 0.995, 0...1 inductive/capacitive with maximum 
Smax 

Total harmonic distortion of current <3% 

Max AC cable cross section 
accepted 

95 mm2 copper copper/aluminum 

AC Connections Type Screw terminal block - single AC cable gland M63 

Output protection  

Anti-islanding Protection 

Complying with the local standard (active frequency 
drift combined 

with RoCoF techniques) 

Maximum external AC overcurrent 
protection 

100 A 

Output overvoltage protection - SPD Yes 

  

Table: Technical Data PVS-50-TL 

Output overvoltage protection - 
Modular surge 

arrester 
Type II 

Operating performance  

Maximum Efficiency (ηmax) 98.4% 

Weighted Efficiency (EURO/CEC) 98.2% / - 

Communication  
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Embedded communication interface 
2x RS485, 2x Ethernet (RJ45), WLAN (IEEE802.11 

b/g/n @ 2,4 GHz) 

Communication protocol 
Modbus RTU / TCP (Sunspec compliant); Aurora 

Protocol 

Remote Monitoring services 
Standard level access to Aurora Vision monitoring 

portal 

Advanced features 
Integrated Web User Interface; Display (option); 

Embedded logging 
and direct transferring of data to Cloud 

Environmental  

Ambient temperature range 
-25...+60°C (-13...140°F) with derating over 45°C 

(113°F) 

Relative Humidity 4…100 % condensing 

Typical noise emission pressure 75 dB(A) @ 1 m 

Maximum operating altitude 
4000 m (13123 ft) with derating above 2000 m / 

6561 ft 

Environmental pollution degree 
classification for external 

environments 
3 

Environmental class Outdoor 

Physical  

Environmental Protection Rating IP 65 (IP54 for the cooling section) 

Cooling System Forced air 

Dimensions (H x W x D) 
750 mm x 1100 mm x 257 mm / 29.5” x 43.3” x 

10.12” 

Weight 70 kg / 154 lbs (SX version) 

Assembly System Mounting bracket (vertical or horizontal) 

Overvoltage rating as per IEC 
62109-1 

II (DC input) III (AC output) 

Safety  

Safety class I 

Isolation Level Transformerless (TL) 

CE Marking CE (5) 

Safety and EMC Standards 
IEC/EN 62109-1, IEC/EN 62109-2, EN 61000-6-2, 

EN 61000-6-3, EN 61000-3-11, EN 61000-3-12 

 
Grid standard (check the availability 

with your 
sales channel) 

CEI 0-21, CEI 0-16, DIN V VDE V 0126-1-1, 
VDE-AR-N 4105, G59/3, EN 50438 (not for all 

national appendices), RD 1699, RD 413, RD 661, 
P.O. 12.3, AS 4777, BDEW, NRS-097- 

2-1, MEA, PEA, IEC 61727, 
IEC 60068, IEC 61683, VFR-2014, IEC 62116 

Accessories  

PVS-50/60-GROUNDING KIT Allows to connect the negative input pole to ground 

DISPLAY Display is available as optional by dedicated part 
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number 
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6.1.2. Solar tree 

The installed power of the solar tree system is 2 kW. Installed solar tree is depicted in 
Figure 6.3. 

 

Figure 6.3 Installed solar tree 

The solar tree is directly connected to the inverter unit GROWATT mic3000tl-x (shown 
in Figure 6.4) that transforms the DC voltage from the output of PV panels placed on the 
solar tree to AC voltage. Electrical equipment such as protective and switching devices 
is placed inside the distribution board. The voltage level in the PCC is 0.4 kV. The 
technical specification of the used PV panels is given in Table 6.3. 

 

Figure 6.4 GROWATT mic3000tl-x inverter 
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Table 6.3 Technical specification for PV modules used to build the solar tree 

Peak Power (PMP) 40Wp 

Production Tolerance ±3% 

Open-Circuit Voltage (VOC) 21.6V 

Maximum Power Current(IMP) 2.2A 

Short-Circuit Current (ISC)  2.3A 

Maximum Power Voltage (VMP) 18.0V 

Maximum System Voltage 1000VDC 

Cell Technology monocrystalline silicon 

Module Dimension 540x510x18mm 

Module MONO 

Name M-40Wp 

Cell area (mm) 125*125(mm) 

Cell parallel 4*9 

Ambient temp (℃) 25℃ 

Irradiance (W/m2)) 1000(W/㎡) 

Vmp (V) 18.00V 

Power current (IMP) 2.20 A 

Voc (V) 21.60V 

Short circuit current 2.30A 

Peak power 48. 3Wp 

F.F 75.7686 

Module eff.(%) 17.6% 

Est.series resistance (ohm) 0.1665Ω 

V_Load (V) 19.80V 

The technical specification of the used inverter is given in 0. 
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Table 6.4 Technical specification for inverter unit within solar tree system 

Input 
Maximum input power 4200W 
Maximum DC voltage 550V 
MPPT voltage range 65V-550V /360V 
Maximum input current per MPPT 13A 
Maximum short-circuit current per 
MPPT 

16A 

Number of MPPTs/inputs per MPPT 1/1 
Output 

Nominal AC active power output  3000W 

Maximum AC apparent power output  3000VA 

Maximum AC output current 14.3A 

Nominal voltage   
Default: 240V split phase, optional: 
208V & 240V single-phase, 183-

228@208V 211-264@240V 
Frequency range 50Hz/60Hz,±5Hz 

Power factor range 0.8 leading 0.8 lagging 
THDi <3% 
Connection Single-phase 

Efficiency 
Maximum efficiency 97.60% 

European efficiency 97.10% 
General data 

Dimensions 74/254/138mm 
Mass  6.2kg 

Temperature range –25°C ... +60°C(-13 +140°F) 
Protection IP65 

6.1.3. Photovoltaic based electric vehicle charging station 

The charging station is powered by a PV system on the rooftop of the station and 
shown in Figure 6.5. 
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Figure 6.5 Solar powered EV charging station 

The installed power of the EV charging station is 3 kW. The EV charger is a ABB power 
converter with a nominal power of 22 kW, shown in Figure 6.6. Technical data related to 
the ABB charger are listed in Figure 6.7. 

 

Figure 6.6 EV charger 
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Figure 6.7 EV charger technical data 

PV system used to power an electric vehicle is directly connected to the Fronius SYMO 
inverter unit, shown in Figure 6.8. The voltage level of the point of common coupling is 
0.4 kV. 
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.  

Figure 6.8 The inverter unit that connects PV system for EV charging station to the grid 

6.1.4. Renewable energy storage/supply system 

The storage/supply comprises the battery storage system (Victron 12,8V, 220Ah 
Lithium-Iron-Phosphate Battery) and the supercapacitor system.  

Custom-made bi-directional power converter is used as an interface between the 
storage/supply system and the grid. The installed power of the bi-directional converter 
used in the system is 35 kW. Supercapacitors and battery are depicted in Figure 6.9 and 
Figure 6.10, respectively, while all important technical data are presented in 0 and 0. 
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Figure 6.9 Supercapacitors within storage-supply system 
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Table 6.5 Technical data about supercapacitor system 

Symbol Parameter Conditions Min Typical Max Unit 

Electrical 

CR 

Initial Rated 
Capacitance 

Note 1 5.8 6.1 – F 

Initial Capacitance 
Range/Box 

3 modules per box – ±0.05 – F 

RS 
Initial Equivalent 
Series Resistance 
(ESR) 

Note 1 – 188 240 mΩ 

VR 
Maximum Rated 
Voltage 

 – – 160 V 

VMAX 
Absolute Maximum 
Voltage 

Non-repeated. Not to 
exceed 1 second 

– 170 – V 

– 
Maximum String 
Voltage 

For series of modules – 750 – V 

IDCMAX 
 
Maximum 
Continuous Current 

∆TCELL = IRMS x RS x Rth 
- ∆T = 15°C 
- ∆T = 40°C 

 
– 
– 

 
7 

12 

 
– 
– 

ARMS 

IACMAX 
Maximum Peak 
Current 

 – 170 – A 

ISHORT 
Short Circuit 
Current 

Calculated from VR and 
RS 
Do not use as operating 
current 

– 670 – A 

ILEAK Leakage Current After 72 hours at 25°C – – 25 mA 
Life 

tAGING 
 
Accelerated Aging 

At VR = 160V and TA = 
65°C (Note 1) 
Capacitance change ΔC 
from CR 
Resistance change ΔR 
from RS 

– 
– 
– 

2,000 
20 
100 

– 
– 
– 

hours 
% 
% 

tLIFE 
 
Projected Life Time 

At VR = 160V and TA = 
25°C (Note 1) 
Capacitance change ΔC 
from CR 
Resistance change ΔR 
from RS 

– 
– 
– 

10 
20 
100 

– 
– 
– 

years 
% 
% 

nLIFE 
 
Projected Cycle Life 

At VR = 160V and TA = 
25°C (Note 1) 
Capacitance change ΔC 
from CR 
Resistance change ΔR 
from RS 

– 
– 
– 

500,000
20 
100 

– 
– 
– 

cycles 
% 
% 

tSHELF Shelf Life Stored uncharged at 25°C – 4 – years 
Power & energy 
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Pd 
Usable Specific 
Power 

Per IEC 62391-2, 

�� �
0.12 ∙ 
�

�
���� ∙ ����
 

– 2,500 – W/kg 

PMAX 
Impedance Match 
Specific Power ���� �


�

4 ∙ �
���� ∙ ����
 – 5,200 – W/kg 

EMAX Specific Energy 
���� �  

1

2
�
�

3,600 ∙ ����
 – 4.0 – Wh/kg 

ESTORED Stored Energy 
��� !"� �  

1

2
�
�

3,600
 – 20.6 – Wh 

Temperature 

TA 
Operating 
Temperature 

Cell Case Temperature -40 – 65 °C 

TSTG 
Storage 
Temperature 

Stored Uncharged @< 
50% Relative humidity 
(RH) 

– – 25 °C 

Rth Thermal Resistance  – 1.1 – °C/W 

Cth 
Thermal 
Capacitance 

 – 4,800 – J/°C 

– Cooling  Natural Convection – 

 

 

 

Figure 6.10 Battery within storage-supply system 

Technical data regarding battery operation are shown in 0. 

  



 

 

153 

Table 6.6 Technical data about battery system. 

Battery specification 
VOLTAGE AND CAPACITY LFP- Smart 12,8/200 
Nominal voltage 12,8V 
Nominal capacity @ 25°C* 200Ah 
Nominal capacity @ 0°C* 160Ah 
Nominal capacity @ -20°C* 100Ah 
Nominal energy @ 25°C* 2560Wh 

CYCLE LIFE (capacity ≥ 80% of nominal) 
80% DoD 2500 cycles 
70% DoD 3000 cycles 
50% DoD 5000 cycles 

Discharge 
Maximum continuous 
discharge current 

400A 

Recommended continuous 
discharge current 

≤200A 

End of discharge voltage 11,2V 
Internal resistance 0,8mΩ 

Operating conditions 
Operating temperature Discharge: -20°C to +50°C, Charge: +5°C to +50°C 
Storage temperature -45°C to +70°C 
Humidity (non-condensing) Max. 95% 
Protection class IP 22 

Charge 

Charge voltage 
Between 14V/28V and 14,4V/28,8V (14,2V/28,4V 

recommended) 
Float voltage 13,5V/27V 
Maximum charge current 400A 
Recommended charge 
current 

≤100A 

Other 
Max storage time @ 25°C* 1 year 

BMS connection 
Male + female cable with M8 circular connector, length 

50cm 
Power connection 
(threaded inserts) 

M8 

Dimensions (hxwxd) mm 
237 x 321 x 

152 
Weight 20kg 

 

6.1.5. Wind energy system 

The small wind power system is constructed on the rooftop of the FTN building, to 
prevent noise and vibrations, as shown in Figure 6.11. Since the wind power system is 
elevated above the ground, better potential for wind energy development can be 
achieved, even in such an urban environment. The installed power of the system is 2kW. 
The wind turbine is directly connected to the three-phase inverter unit. Both turbine and 
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inverter are produced by the same company - Wuxi Flyt FS 2000. Technical data about 
this system can be found in 0. The voltage level of the point of common coupling is 0.4 
kV. 

 

Figure 6.11 Installed wind system at the rooftop of the building 
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Table 6.7 Wind system technical specification 

2kw wind turbine 
items FS-2000 

Started wind speed (m/s) 1.5m/s 
Cut-in wind speed (m/s) 3m/s 
Rated Wind speed (m/s) 11m/s 
Rated voltage(AC) 48v/96v 
Rated power(W) 2000w 
Max power(W) 2100w 
Rotor Diameter of Blades(m) 0.8m 
Product assembly weight (Kg) <80Kg 
Blades height(m) 2m 
Safe wind speed (m/s) ≤40m/s 
Blades quantity 2 
Blade material glass/basalt 

Generator 
Three phase permanent magnet 

suspension motor 
Control System Electromagnet 
Mount Height(m) 7~12m (9m) 
Generator protection grade IP54 
 
Work environment temperature 

-25~+45ºC, 

Work environment humidity ≤90%, 
Altitude: ≤4500m 
Overspeed protection Electromagnetic brake 

2000w 48v on grid Inverter 
Input data (DC) SUN-2000GTIL2-WAL-LCD 
Input voltage range 45-90VDC 
Maximum input DC voltage 90V 
Peak power tracking voltage 50V - 90V 
Operating DC voltage range 45V - 90V 
Start-up voltage 49V 

Output data (AC) 
Maximum output power 2000W 
Nominal voltage 230VAC 
Nominal voltage range 185-265V 

Frequency range 
47.5-51.5 for 50Hz, 59.3-60.5 for 

60Hz 
Power factor >0.95 
Output waveform Pure sine wave 

Characteristic data 
MPPT efficiency 99% 
Over current protection Yes 
Over temperature protection Yes 
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Reverse polarity protection Yes 
Anti-Island protection Yes 
Stackable Just for AC output 
Operating temperature range  -20°C ~ 45°C 
Storage temperature range  -40°C ~ 85°C 
Current THD <5% 
Voltage THD <5% 
Standard CE,EN50438 
Efficiency 92% 

Features 
Net Weight 5.8kg 
Gross weight 7.0kg 
Dimensions (package) 540mm x  310mm x 160mm 

 

6.1.6. Heating, ventilation and air conditioning (HVAC) system 

In order to improve thermal comfort and indoor air quality, HVAC (Gree GMV5 Solar) 
system was installed. The installed power of the HVAC system is 55 kW. This will result 
in significant energy savings related to the heating of the part of the exemplary object. 
One of two installed HVAC units is depicted in Figure 6.12. 

 

Figure 6.12 Installed HVAC unit 

By adopting advanced photovoltaic direct-driven technology, the system can achieve 
power generation by utilizing solar power while consuming electricity and ensure 
utilization of photovoltaic power in priority; compared with traditional photovoltaic system, 
energy wastage during multiple commutation of alternating current and direct current is 
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eliminated, with energy efficiency improved by 6%-8% and photovoltaic utilization ratio 
up to 99%. Besides, the innovative MPPT (Maximum Power Point Tracking) technology 
can track and control the maximum power point status of photovoltaic power generation, 
so as to achieve maximum utilization of photovoltaic power.  

In summer, power consumption of air conditioner is large and photovoltaic power 
generation is relatively large as well. Gree Photovoltaic Direct- driven Inverter Multi VRF 
System, combining the characteristics of photovoltaic power, makes sure that the 
consumed electricity of units matches with the photovoltaic power generation so as to 
achieve zero electricity charge. 

In rated engineering proportion, the power amount that Photovoltaic Direct-driven 
Inverter Multi VRF System gets from the grid is balanced with the power amount that the 
system delivers to the grid in each day, each month, each quarter and each year. 
Generally, power consumed from the grid is zero. 

Technical data for the Gree photovoltaic direct-driven inverter multi VRF system are 
listed in 0. 
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Table 6.8 Technical specification for installed HVAC system 

Model GMV-Y224WM/C-X* 

Capacity range HP 8 

Capacity 
Cooling kW 22.40 

Heating kW 25.00 

Cooling power input kW 5.7 

Heating power input kW 5.5 

EER/COP kW/kW 3.93/4.24 

Air flow volume m3/h 11400 

Power supply V/Ph/Hz 380-415V-3Ph~50/60Hz 

Range of allowable open 
circuit input voltage 

V 1000 

Range of input operating 
voltage 

V 560~780 

Max. solar short circuit 
current 

A 39 

Recommended quantity of 
PV module base on Gree 
Module GIE-M60/290 

/ 22/44/66/88 

Maximum drive IDU NO. unit 13 

Refrigerant charge volume kg 5.9 

Sound pressure level dB(A) 60 

 
Connecting 
pipe 

Liquid inch(mm) Φ3/8(9.52) 

Gas inch(mm) Φ3/4(19.05) 

Dimension 
(WxDxH) 

Outline mm 930×765×1605 

Package mm 1010×840×1775 

Net weight/Gross weight kg 266/278 

Loading 
quantity 

40’ GP set 24 

40’ HQ set 24 

 

6.2. KCV renewable energy systems 

PV system on the Radiology clinic roof during and after montage is shown in Figure 
6.13. Number of PV panels that were laid is around 130. Used PV module are Luxor 
Monocrystalline Eco Line Half Cell M120 type. Technical data of the used modules is 
shown in Figure 6.14.  
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Figure 6.13 PV system on the Radiology clinic roof 

 

Figure 6.14 Luxor M120 PV module technical data 

For purposes of interconnecting PV plant with electric power grid inside KCV complex, 
the adequate solar inverter is used. For the Radiology clinic PV plant ABB PVS-50-TL 
solar inverter, shown in Figure 6.15, is used. In addition, the appropriate electric cabinet 
for interconnection and monitoring is assembled. This electric cabinet is shown in Figure 
6.16.  
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Figure 6.15 ABB PVS-50-TL solar inverter 

 

Figure 6.16 Electric cabinet for interconnection and monitoring of Radiology clinic PV 
plant 

PV system on the Emergency center roof during and after montage is shown in Figure 
6.17. Number of PV panels that were laid is around 160. Used PV module are Luxor 
Monocrystalline Eco Line Half Cell M120 type. Technical data of the used PV modules 
are the same as in case of Radiology clinic. For purposes of interconnecting PV plant with 
electric power grid inside KCV complex, the adequate solar inverter is used. For the 
Emergency center PV plant ABB PVS-50-TL solar inverter, shown in Figure 6.15, is used. 
In addition, the appropriate electric cabinet for interconnection and monitoring is 
assembled. This electric cabinet is shown in Figure 6.16. 
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Figure 6.17 PV system on the Emergency center roof 

 

Figure 6.4 Electric cabinet for interconnection and monitoring of Emergency center PV 
plant 

PV system on the parking inside KCV complex during and after montage is shown in 
Figure 6.18. Number of PV panels that were laid is around 380. Used PV module are 
Luxor Monocrystalline Eco Line Half Cell M108 type. Technical data of the used PV 
modules is shown in Figure 6.14.  
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Figure 6.18 PV plant on the KCV parking 

 

Figure 6.2 Luxor M108 PV module technical data 

For purposes of interconnecting PV plant with electric power grid on the parking inside 
KCV complex, the adequate solar inverter is used. For the PV plant on the KCV parking 
ABB PVS-50-TL solar inverter, shown in Figure 6.15, is used. In addition, the appropriate 
electric cabinet for interconnection and monitoring is assembled.  

  



 

 

163 

Solar-thermal system on the roof of the Medical Rehabilitation clinic during and after 
montage is shown in Figure 6.19. Used modules are Bosch Flat-Plate Solar Collectors 
and technical data for these modules is shown in 0. Number of solar collector modules 
that were installed is 25.  

 

Figure 6.19 Solar-thermal system on the Medical Rehabilitation clinic roof 

 

Figure 6.20 Technical data for Solar collectors on the Medical Rehabilitation clinic roof 

The solar-thermal system was interconnected with existing heating installation that is 
mainly used for heating the water in medical rehabilitation pools. The interconnection 
between solar-thermal and existing heating system is shown in Figure 6.21.  
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Figure 6.21 Interconnection between solar-thermal and existing heating system 

Bio-diesel production system was installed and is shown in Figure 6.22. This system 
produces the bio-diesel which is later used for running diesel generator system shown in 
Figure 6.23. Bio-diesel system is used to convert waste oil which is obtained from KCV 
kitchen.  

 

Figure 6.22 Bio-diesel production system 



 

 

165 

 

Figure 6.23 Diesel generator system in KCV complex 

System for bio-diesel production is supplied by electric power from electric cabinet 
shown in Figure 6.24. Production capacity of the used bio-diesel system is around 960 
liters per day, whereas the nominal consumption of electric power is around 5 kW. The 
process of obtaining the bio-diesel fuel last around 6 hours, during which around 160 liters 
of fuel can be expected.  

 

Figure 6.24 Electric cabinet for supplying the bio-diesel production system 
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6.3. FERIT renewable energy systems 

6.3.1. Photovoltaic systems on the buildings roofs 

Total installed power of the photovoltaic systems on FERIT buildings is 125 kW. 
Installed power of the photovoltaic system on building roof in Trpimirova street is 85 kW 
while installed power of the photovoltaic system in Cara Hadrijana street is 40 kW. 

Block schematic of the FERIT building power system in Trpimirova street is given in 
Figure 6.25. FERIT building power system in Trpimirova street consists of photovoltaic 
systems on building roof along with storage system, building consumption and old 10 kW 
photovoltaic system. Photovoltaic system and storage systems are connected in RO-SE1 
and RO-SE2 cabinets located in room 3-40 (Figure 6.26). Great hall air-conditioning 
system as a part of building consumption is connected directly to the RO-SE2 cabinet. 
Storage systems, which are integral part of the photovoltaic systems, are described in 
chapter 6.3.2. 
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Figure 6.25 Block schematic of FERIT building power system in Trpimirova street 
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Figure 6.26 Room 3-40 along with RO-SE1, RO-SE2 cabinets and hybrid invertes with 
lithium battery packs 

Photovoltaic system building roof in Trpimirova street (Figure 6.27) consists of nine 
inverters, two Growatt MID 20KTL3-X inverters with nominal power of 20 kW each, two 
Growatt 10000TL3-S inverters with nominal power of 10 kW each, five 
Growatt SPH 5000TL3-BH hybrid inverters with nominal power of 5 kW each and 298 
monocrystalline silicon photovoltaic modules Luxor EcoLine M60/320W with nominal 
power of 320 Wp. Wall-mounted inverters on the 3rd floor of FERIT building in Trpimirova 
street are given in Figure 6.28. 
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Figure 6.27 FERIT photovoltaic system modules on building roof in Trpimirova street 

 

Figure 6.28 Wall-mounted inverters at the 3rd floor of FERIT building in Trpimirova street 

 Block schematic of the FERIT building power system in Cara Hadrijana street is 
given in Figure 6.29. FERIT building power system in Cara Hadrijana street consists of 
photovoltaic systems on building roof along with building consumption. 



 

 

170 

 

Figure 6.29 Block schematic of FERIT building power system in Cara Hadrijana street 

Photovoltaic system on building roof in Cara Hadrijana street (Figure 6.30) consists of 
two inverters Growatt MID 20KTL3-X inverters with nominal power of 20 kW each and 
128 monocrystalline silicon photovoltaic modules Luxor EcoLine M60/320W with nominal 
power of 320 Wp. Wall-mounted inverters at the 1st floor of FERIT building in Cara 
Hadrijana street are given in Figure 6.31. 
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Figure 6.30 FERIT photovoltaic system modules on building roof in Cara Hadrijana 
street 
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Figure 6.31 Wall-mounted inverters at the 1st floor of FERIT building in Cara Hadrijana 
street 

Technical characteristics of Growatt MID 20KTL3-X inverters are given in 0, technical 
characteristics of Growatt 10000TL3-S inverters are given in 0, technical characteristics 
of Growatt SPH 5000TL3-BH hybrid inverters are given in 0 while Table 6.12 gives 
technical characteristic of photovoltaic modules Luxor EcoLine M60/320W. 
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Table 6.9 Technical characteristics of Growatt MID 20KTL3-X inverters [28] 

DC side 

Maximum DC power 30 kW 

Maximum input voltage 1100 V 

MPP voltage range* 160 V to 1000 V 

Maximum input current 30 A 

Number of MPPT / inputs per 
MPPT** 

2/2 

AC side 

Nominal power 20 kW 

Maximum apparent AC power 22000 kVA 

AC nominal voltage 230 V / 400 V 

Nominal frequency 50/60 Hz 

Maximum output current 31.9 A 

THD*** < 3 % 

Adjustable power factor 
0.8 leading to 0.8 
lagging 

General data 

Efficiency / European efficiency 98.75 % / 98.6 % 

Degree of protection IP65 

*MPP – maximum power point 

**MPPT – maximum power point tracker 

*** THD – total harmonic distortion 
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Table 6.10 Technical characteristics of Growatt 10000TL3-S inverters [29] 

DC side 

Maximum DC power 12 kW 

Maximum input voltage 1000 V 

MPP voltage range* 450 V to 850 V 

Maximum input current 13 A 

Number of MPPT / inputs per 
MPPT** 

2/1 

AC side 

Nominal power 10 kW 

Maximum apparent AC power 11 kVA 

AC nominal voltage 230 V / 400 V 

Nominal frequency 50/60 Hz 

Maximum output current 16.7 A 

THD*** < 3 % 

Adjustable power factor 
0.8 leading to 0.8 
lagging 

General data 

Efficiency / European efficiency 98.4 % / 98 % 

Degree of protection IP65 

*MPP – maximum power point 

**MPPT – maximum power point tracker 

*** THD – total harmonic distortion 
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Table 6.11 Technical characteristics of Growatt SPH 5000TL3-BH hybrid inverters [30] 

PV side (DC) 

Maximum DC power 6.5 kW 

Maximum input voltage 1000 V 

MPP voltage range* 160 V to 1000 V 

Maximum input current 15 A 

Number of MPPT / inputs per 
MPPT** 

2/1 

Battery side (DC) 

Battery voltage range 100 V to 550 V 

Max charging and discharging 
current 

25 A 

Continuous charging and 
discharging power 

5 kW 

Type of battery Lithium battery 

Output data (AC) 

Nominal power 5 kW 

Maximum apparent AC power 5 kVA 

AC nominal voltage 230 V / 400 V 

Nominal frequency 50/60 Hz 

Maximum output current 7.6 A 

THD*** < 3 % 

Adjustable power factor 
0.8 leading to 0.8 

lagging 

Backup power (AC) 

Maximum AC output power 5 kW 

Maximum AC apparent power 5 kVA 

Maximum output current 7.6 A 

AC nominal voltage 230 V / 400 V 

THD*** < 3 % 

Switch time < 0.5 s 

General data 

Efficiency / European efficiency 97.8 % / 97.2 % 

Degree of protection IP65 

*MPP – maximum power point 

**MPPT – maximum power point tracker 

*** THD – total harmonic distortion 
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Table 6.12 Technical characteristics of photovoltaic modules Luxor EcoLine M60/320W 
[31] 

Nominal power 320 W 

Short-circuit current 10.05 A 

Open-circuit voltage 39.56 V 

MPP current 9.59 A 

MPP voltage 33.45 

Efficiency 20.07 

Current temperature coefficient 0.06 %/°C 

Voltage temperature coefficient -0.3 %/°C 

Power temperature coefficient -0.4 %/°C 

Dimensions 1640x992x35 mm 

All data is given for standard test conditions (STC) 

** MPP – maximum power point 

6.3.2. Renewable energy storage/supply system 

Energy storage/supply system is an integral part of the photovoltaic system in building 
in Trpimirova street. Hybrid inverters Growatt SPH 5000TL3-BH, connected to the RO-
SE2 cabinet visible on block schematic of building power system in Figure 6.25, have 
connected lithium-ion battery pack on their DC side. 

Battery pack needs to be compatible with hybrid inverters for which technical 
characteristics are given in 0. First 4 hybrid inverters (H1, H2, H3 and H4) are equipped 
with H48050 lithium-ion battery pack with energy capacity of 9.6 kWh (Figure 6.33 right) 
while 5th hybrid inverter (H5) use ARK 7.6H-A1 lithium-ion battery pack with energy 
capacity of 7.68 kWh (Figure 6.33 right). Along with normal grid-connected operation, 
hybrid inverter enables emergency supply of loads in case of grid blackout through the 
EPS output. Wiring of the hybrid inverter Growatt SPH 5000TL3-BH along with battery 
pack is given in Figure 6.32. 



 

 

177 

 

Figure 6.32 Wiring diagram of hybrid inverter Growatt SPH 5000TL3-BH with battery 
pack 

  

Figure 6.33 H48050 lithium-ion battery pack with energy capacity of 9.6 kWh (left) and 
ARK 7.6H-A1 lithium-ion battery pack with energy capacity of 7.68 kWh (right) installed 

at the DC side of the hybrid inverter Growatt SPH 5000TL3-BH in the room 3-40 of 
FERIT building in Trpimirova street 
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Technical characteristic of H48050 lithium-ion battery pack with energy capacity of 
9.6 kWh is given in Table 6.13 while Table 6.14 gives technical characteristics of 
ARK 7.6H-A1 lithium-ion battery pack with energy capacity of 7.68 kWh. 

Table 6.13 Technical characteristics of 9.6 kWh lithium-ion battery pack H48050 [32] 

Battery pack energy capacity 9.6 kWh 

Number of battery modules 4 

Battery module energy capacity 2.4 kWh 

Battery module nominal voltage 48 V 

Battery module operating voltage 45 V to 54 V 

Battery module charge/discharge 
current 

25 A (normal) 
50 A (maximum) 

Table 6.14 Technical characteristics of 7.68 kWh lithium-ion battery pack ARK 7.6H-A1 
[33] 

Battery pack energy capacity 7.68 kWh 

Number of battery modules 3 

Battery module energy capacity 2.56 kWh 

Battery module nominal voltage 51.2 V 

Battery module operating voltage 47.2 V to 56.8 V 

Battery module charge/discharge 
current 

25 A (normal) 
50 A (maximum) 

 

6.4. KBCO renewable energy systems 

6.4.1. Photovoltaic systems on the buildings roofs 

Total installed power of the photovoltaic systems on the buildings of central kitchen 
and Department of Oncology and Department of Diagnostical and Interventional 
Radiology is 230 kW. Photovoltaic systems consist of six inverters, four SMA Sunny 
Tripower CORE1 inverters with nominal power of 50 kW each and two SMA Sunny 
Tripower 20000TL inverters with nominal power of 20 kW each. Technical characteristics 
of the SMA Sunny Tripower CORE1 inverters are given in 0 while 0 gives technical 
characteristics of SMA Sunny Tripower 20000TL inverters. 
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Table 6.15 Technical characteristics of SMA Sunny Tripower CORE1 inverters [34] 

DC side 

Maximum DC power 51 kW 

Maximum input voltage 1000 V 

MPP voltage range* 150 V to 1000 V 

Maximum input current 30 A 

Number of MPPT / inputs per 
MPPT** 

6/2 

AC side 

Nominal power 50 kW 

Maximum apparent AC power 50 kVA 

AC nominal voltage 230 V / 400 V 

Nominal frequency 50 Hz 

Maximum output current 72.5 A 

THD*** 3 % 

Adjustable power factor 0 leading to 0 lagging 

General data 

Efficiency / European efficiency > 98 % / > 98 % 

Degree of protection IP65 

*MPP – maximum power point 

**MPPT – maximum power point tracker 

*** THD – total harmonic distortion 
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Table 6.16 Technical characteristics of SMA Sunny Tripower 20000TL inverters [35] 

DC side 

Maximum DC power 20440 kW 

Maximum input voltage 1000 V 

MPP voltage range* 320 V to 800 V 

Maximum input current 33 A 

Number of MPPT / strings per 
MPPT** 

2/3 

AC side 

Nominal power 20 kW 

Maximum apparent AC power 20 kVA 

AC nominal voltage 230 V / 400 V 

Nominal frequency 50 Hz 

Maximum output current 29 A 

THD*** ≤ 3 % 

Adjustable power factor 0 leading to 0 lagging 

General data 

Efficiency / European efficiency 98.4 % / 98 % 

Degree of protection IP65 

*MPP – maximum power point 

**MPPT – maximum power point tracker 

*** THD – total harmonic distortion 

Total number of 767 monocrystalline silicon photovoltaic modules SOLVIS SV60-300E 
with nominal power of 300 W are installed on the roofs which technical characteristics are 
given in 0. 
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Table 6.17 Technical characteristics of photovoltaic modules SOLVIS SV60-300E [36] 

Nominal power 300 W 

Short-circuit current 9.73 A 

Open-circuit voltage 40.14 V 

MPP current 9.13 A 

MPP voltage 33.03 

Efficiency 18.44 

Current temperature coefficient 0.05 %/°C 

Voltage temperature coefficient -0.33 %/°C 

Power temperature coefficient -0.42 %/°C 

Dimensions 1640x992x40 mm 

All data is given for standard test conditions (STC) 

** MPP – maximum power point 

Photovoltaic systems are connected to the KBCO complex power system at the 
substation TS 10/0.4 kV Bolnica 3 (Maternite/Ginekologija) visible on Figure 3.19. Single 
line diagram of the TS 10/0.4 kV Bolnica 3 (Maternite/Ginekologija) is given in . Single 
line diagram of the photovoltaic system connected to the low voltage bus at the TS 
10/0.4 kV Bolnica 3 (Maternite/Ginekologija) is given in Figure 6.35. 
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Figure 6.34 Single line diagram of the substation TS 10/0.4 kV Bolnica 3 
(Maternite/Ginekologija) in KBCO [16] 
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Figure 6.35 Single line diagram of the KBCO photovoltaic systems [16] 

Placement of the photovoltaic modules on the Central kitchen and Department of 
Oncology and Department of Diagnostical and Interventional Radiology building roof is 
given in Figure 6.36. 
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Figure 6.36 Placement of the photovoltaic modules on the Central kitchen and 
Department of Oncology and Department of Diagnostical and Interventional Radiology 

building roof at KBCO [16] 

Photographs of the photovoltaic system on the central kitchen is given in Figure 6.37 
while Figure 6.38 shows photovoltaic system on Department of Oncology and Department 
of Diagnostical and Interventional Radiology building roof. 

 

Figure 6.37 KBCO photovoltaic system on central kitchen building roof 
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Figure 6.38 KBCO photovoltaic system on Department of Oncology and Department of 
Diagnostical and Interventional Radiology building roof 

6.4.2. Biodiesel generator and biodiesel production system 

As planned, KBCO installed biodiesel generator with nominal power of 125 kVA (kW), 
given in Figure 6.39, that operate during partial of complete blackout of electric power 
supply enhancing reliability of power supply overall. Biodiesel generator uses biodiesel 
fuel generated by the biodiesel production system that uses waste oil from the central 
kitchen given in Figure 6.40. 

 

Figure 6.39 KBCO 125 kW biodiesel generator 
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Figure 6.40 KBCO biodiesel production system from waste oil 

 

6.5. UNISB  renewable energy systems 

6.5.1. Technical description of Photovoltaic power plant UNISB, 
Gunduliceva 20A 

General data 

The purpose of the power plant is the generation of electricity for its own needs of the 
facility where the solar power plant is located with the possibility of handing over the 
produced surplus electricity to the grid. The power of the built solar power plant is 64 kW. 
The power plant is located on the tin roof of the building and is divided into rows of 
photovoltaic modules as shown in the drawings and single-pole scheme. The power plant 
is installed in a way that follow the slope of the roof which is about 14°.  

Connections (cables) 

Electricity (DC voltage, DC current) generated in solar cells is sent by PV wire red / 
blue 6 mm2 conductors to an inverter that converts DC voltage and current to AC. DC 
cables are routed in protective perforated tin galvanized channels (ducts) and protective 
tubes of the plastic kaoflex type. Growatt's built-in MID and SPH inverters are equipped 
with surge, overcurrent and reverse current protection devices at the inlet to the inverter. 
From the inverter, the FG16OR 5x10 mm2 conductors send the alternating components 
of electricity (voltage and current) to the distribution cabinet of the R-FNE power plant, 
which includes four-pole RCD switches type A, three-pole circuit breakers, surge 
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protectors, surge protection switches and other equipment, all according to the single-
pole scheme in the appendix. From the R-FNE, electricity (alternating voltage and current) 
is sent via cable XP00 4x70 mm2 + FG16OR 1x35 mm2 to the main distribution cabinet 
SSRO1, which contains disconnectors for both the power plant and the main distribution 
to the facility and other consumers. The main power cable of the building type NAYY 
4x150 mm2 is laid in the cable trench from the position SSRO1 to the position of the 
measuring cabinet SPMO near the transformer substation. Wires and connectors for 
connecting photovoltaic modules Special guides for solar power plants have been 
installed. These are PV WIRE (PhotoVoltaic Wire) conductors. These are special, double-
insulated, tinned copper conductors designed to withstand relatively high DC voltages (up 
to 1000 VDC). RED / BLUE labels are wire color labels that serve to make it easier to 
distinguish a positive (+) conductor from a negative (-) conductor. Conductors such as 
Schrack, type PV-1, cross section 6 mm2 are installed. DC conductor connectors are 
specially designed for the purpose of connecting photovoltaic equipment, withstand 
voltages up to 1000 VDC, and direct current up to 25 A. They are resistant to moisture, 
dust and other external influences (appropriate IP protection). MultiContact connectors 
are installed.  

 Photovoltaic modules  

For the construction of the solar power plant, 216 photovoltaic modules with a nominal 
power of 320 W were installed. Luxor EcoLine HalfCell M120 / 320 photovoltaic modules 
of the German manufacturer Luxor Solar GmbH were installed. The photovoltaic module 
consists of 120 serial monocrystalline silicon cells, dimensions of cells are 79 × 158 mm 
which are soldered together with copper tin conductors and laminated with ethylene vinyl 
acetate, between 3.2 mm thick tempered solar glass with excellent optical and 
mechanical properties, front and composite polyester protective foils on the back. The 
frame of the module is made of anodized aluminum and is made so that it has double 
walls and holes for drainage. The cells are soldered to each other with copper tin 
conductors and laminated between glass of excellent optical and mechanical properties 
on the front and a polymer protective white film on the back. The nominal power of the 
module is 320 Wp, the dimensions of the module are 1984 × 1002 × 35 mm, and the 
weight of the module is 19 kg. The photovoltaic field contains 216 modules, divided into 
13 arrays, as shown in the drawings. Photovoltaic modules are connected in series, and 
the connection cables are type PV-1 6 mm2. Cables such as Schrack PV-1 6mm2 were 
used. Photovoltaic modules are installed at an angle of about 14°. The solar cable that 
goes with the junction box is 4 mm2 in cross section, 1 m long, while the connectors are 
MC4 type. Figure 6.41 shows Luxor EcoLine HalfCell M120 / 320W on SE UNISB. 
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Figure 6.41 Photovoltaic power plant on UNISB building in I. Gundulić Street 

Inverter  

The inverters, with their input voltage and current limits, cover the working area of the 
photovoltaic field in all conditions. A total of 4 Growatt inverters have been installed. Three 
MID20KTL3-X type inverters with a nominal power of 20 kW have been installed, as well 
as a total of 1 hybrid inverter type SPH5000TL3 BH with a nominal power of 5 kW, which 
is software limited to an output power of 4 kW. A 2 x 9.6 kWh battery system is connected 
to the hybrid inverter. Built-in inverters are without transformers, total output power 64 
kW. They have built-in very advanced security systems for protection against island 
operation, as well as overcurrent and overvoltage protection. The inverters have a built-
in maximum power field tracking system (MPPT) of the photovoltaic field. Exchangers are 
installed on the inner wall of the building, as shown in the drawings and figure.  

The inverters, with their input voltage and current limits, cover the working area of the 
photovoltaic field in all conditions. Growatt inverters on Solar power plant UNISB are 
presented on Figure 6.42. 
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Figure 6.42 Inverters of Photovoltaic power plant on UNISB building in 
Laboratory for renewable energy sources 

Lightning, overvoltage and surface protection  

Class II surge arresters are installed inside the DC protection cabinets, which protect 
the inlet side of the inverter, and through them DC circuits are protected from overvoltage. 
The R-FNR distribution cabinet has built-in surge protection class C 20 kA. For the 
purpose of grounding the solar power plant, the tin cover of the building was used, which 
was grounded, and an additional lightning protection installation was installed. 
Overcurrent protection is provided by cylindrical fuses gPV characteristics 1000 V / 16 A 
for DC circuits, while the protection of the AC side is performed by a circuit breaker type 
B. A four-pole RCD switch type A is also installed. 

Construction  

The construction for photovoltaic modules mounting is made of aluminum. A total of 
216 photovoltaic modules, with a total weight of about 4100 kg, were installed on the roof 
(Figure 6.43). The construction of the manufacturer K2 Systems, type MiniRail, was 
installed. The load-bearing structural elements are fastened to the metal roof of the 
building by means of 4 sheet metal screws. 

Plant diagrams available from main electrical design project are visible in Figure 
6.44, Figure 6.45, Figure 6.46, Figure 6.47, Figure 6.48, Figure 6.49, Figure 6.50, Figure 
6.51, Figure 6.52 and Figure 6.53.  
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Figure 6.43 Base roof construction (K2 Systems) of Photovoltaic power plant on 
UNISB building in I. Gundulić Street 
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Figure 6.44 Situation map of Photovoltaic power plant on UNISB building 
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Figure 6.45 PV arrays of Photovoltaic power plant on UNISB building in I. 
Gundulić Street (ground plan) 
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Figure 6.46 PV arrays of Photovoltaic power plant on UNISB building in I. 
Gundulić Street (front plan, south side) 
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Figure 6.47 PV arrays of Photovoltaic power plant on UNISB building in I. 
Gundulić Street (front plan, east side) 

 

 

 

Figure 6.48 Inverters of Photovoltaic power plant on UNISB building in 
Laboratory for renewable energy sources 
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Figure 6.49 Connection scheme of Photovoltaic power plant of UNISB building  
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Figure 6.50 Single-pole electric scheme of main cabinet of Photovoltaic power 
plant UNISB 
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Figure 6.51 Single-pole electric scheme of main cabinet of Photovoltaic power 
plant UNISB 
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Figure 6.52 Single-pole electric scheme of main outdoor cabinet (SSRO1) of 
UNISB building  
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Figure 6.53 Single-pole electric scheme of hardware for BEMS (PLC) - UNISB 
building  
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6.5.2. Technical description of thermotechnical system with heat 

pump and solar collectors at UNISB, Gunduliceva 20A 

General data 

The thermo-technical system is intended for heating / cooling part of the rooms on the 
first floor in the building of the Faculty of Mechanical Engineering in Slavonski Brod 
Gundulićeva 20A. The basic components of the thermo-technical system, heat / cooling 
energy sources, are plate solar collectors and air-water heat pumps. The nominal output 
power of the four heat pumps heating is 64 kW and the nominal output power of the four 
heat pumps cooling is 56 kW. Heat pumps are placed next to the building on the south 
side on a suitable solid concrete base in accordance with applicable regulations and 
safety measures. 18 solar panel collectors were installed vertically in one row at an angle 
of 63°. Heating / cooling of individual rooms in the building is provided by floor and ceiling 
fan coils connected by a four-pipe heat / cooling energy supply system. For higher energy 
efficiency, a vertical insulated storage tank with a volume of V = 1000 litres with two 
tubular heat exchangers installed, with the purpose of accumulation - compensatory 
action during the year - round production and consumption of heat / cooling energy. 

Devices and assemblies of thermo-technical system 

18 plate solar collectors (2005 x 1005 x 85 mm) with an area of 2.02 m2 were installed 
vertically in one row at an angle of 63°. The maximum operating pressure is 10 bar and 
the maximum idle temperature is 213° C. 

Four air-to-water heat pumps have been installed. Each rated heating output 16 kW 
(A7 / W35) at COP = 4.42 and rated cooling output 14 kW (A35 / W18) at EER = 4.27. 
The working substance is R32. The operating ambient temperature for heating is - 25 - 
35° C, and for cooling 10 - 46° C. The leaving water temperature is 15 - 65° C when 
heated and 5 - 25 ° C when cooled. 

An integral part of the heat pump is an insulated storage - compensation tank with a 
volume of 80 litres and a circulation pump for the distribution of heating / cooling medium 
to the heat exchanger for heating / cooling the water in the tank. 

The insulated heat storage tank with a volume of 100 litres is equipped with a pipe 
exchanger, ribbed pipes, all connections, sensors and control elements. 

Fan convector with all associated control and management elements and protective 
mask and with thermostatic control devices with several fan coils in one room and are 
four-pipe versions. Five fan coil units are of the ceiling version and two floor fan coil units. 

All heating medium distribution pipelines to the consumer are designed in a way  that 
each collector and each heat exchanger have approximately the same hydraulic energy 
distribution conditions. The distribution of the heating medium from the solar collectors to 
the consumers will be carried out by a circulating pump with all the associated elements. 
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The heating medium from each heat pump will be distributed to the heat exchanger by a 
circulating pump. 

In each circulation circuit of the heating medium of the installation, a closed membrane 
expansion vessel maintains the static pressure in the installation and accept thermal 
dilatations due to temperature changes of the heating medium. The static pressure of the 
heating medium in the circulation circuit of the heat pump is p = 1.5 - 1.8 bar, in the 
circulation circuit of the heating medium of the solar installation p = 4 - 4.5 bar and in the 
circulation circuit of the heat / cooling energy consumer 1.5 - 2 bar. 

Electrical installation with all necessary technical and safety protective elements is 
designed in accordance with applicable regulations and standards. Earthing of all metal 
surfaces were performed in accordance with the rules of technical practice, standards 
and applicable regulations. 

Functionality and regulation of heating and cooling 

The speed of heating / cooling in the building is harmonized with the cascade switching 
of drive devices with the lowest possible frequency of peak energy loads. 

Solar collectors and heat pumps participate in the regulation and management, 
conditioned by the leading variables (indoor and outdoor air temperature), the order of 
priorities and supplementing energy needs, in creating thermal balance. 

Primary heating of water in the tank is carried out using solar collectors. If the 
temperature of the heating medium in the supply line of the solar collector circuit 
determined by the bearing sensor on the pipeline is about 10 - 15° C higher than the 
water temperature in the tank, the water is heated by solar collectors and the solar circuit 
circulating pump distributes the heating medium to the heat exchanger until the set water 
temperature in the tank is reached. If this condition is not met or this temperature 
difference cannot be fully achieved until the set water temperature, the heat pumps start 
to function. 

Room heating by means of a fan coil is switched on by a thermostat with adjustable 
values of the room air temperature. The thermostats in both rooms are placed at the 
reference points of the sensitivity of the internal air temperature without the direct 
influence of other heat sources on the sensing device. 

Maintaining the set room air temperature in winter and summer is carried out by 
achieving the appropriate temperature of hot water or cold water in the circulation circuits. 
Comparing the outdoor air temperature with the set value of the indoor air temperature, 
the temperature of hot or cold water in the flow line of each circulation system is 
maintained by the action of a three-way mixing electric motor control valve installed in 
front of the circulation pump. Depending on the winter or summer period, the 
corresponding circulation pump or the corresponding control circuit will be in operation. 

The functionality of room heating or cooling control circuits is directly related to the 
storage tank of heat / cooling energy of a certain water temperature and the function of 
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individual heat sources in accordance with the envisaged priority of switching on and 
using renewable energy sources. 

Main parts of thermotechnical system along with schematics are given in Figure 6.54, 
Figure 6.55, Figure 6.56, Figure 6.57, Figure 6.58, Figure 6.59, Figure 6.60, Figure 6.61 
and Figure 6.62. 

 

Figure 6.54 Heat pumps installed in front of the UNISB building  
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Figure 6.55 Vertical insulated storage tank in the UNISB building  
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Figure 6.56 Devices of thermo-technical system in the UNISB building  
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Figure 6.57 Fan converters of thermo-technical system in the UNISB building, 
G111  

 

Figure 6.58 Fan converters of thermo-technical system in the UNISB building, 
corridor  
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Figure 6.59 Outdoor thermo-technical system of the UNISB building  
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Figure 6.60 Scheme of thermo-technical system of the UNISB building  
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Figure 6.61 Fan converters inside the UNISB building  
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Figure 6.62 Connection scheme of fan converters inside the UNISB building  
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7. Building energy management systems for the exemplary 

facilities 

7.1. FTN building energy management system 

Building energy management system controls and monitors mechanical and electrical 
equipment in the “Mašinski institut” building in order to provide optimal control of all 
subsystems, with special emphasis on finding the optimal energy management strategy. 
To achieve this, real-time measurements of important data are necessary. This is usually 
done using smart meters. Collected data are saved both on the local data center and on 
the cloud-based repository system. Traditionally, PC-based SCADA systems are used to 
locally control and monitor all important parameters in real-time. 

Two types of smart power meters are used - Siemens Sentron PAC 3220 and 
PAC 4200, shown in Figure 7.1. These smart meters are reliable industrial devices that 
meet all requirements for adequate BEMS operation. These PAC devices have Modbus 
TCP/IP communication capabilities and therefore enable easy, reliable and real-time data 
transfer. PAC devices are connected to the PLC units that preform the data requests, 
gather data, perform necessary calculations, log data locally and to the cloud-based 
repository system, and display real-time data on SCADA interface. One PLC unit, with 
signal boards with additional inputs and outputs, is shown in Error! Reference source 
not found.. 

 

Figure 7.1 Installed Siemens Sentron smart power metes. 
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Figure 7.2 Installed PLC unit with additional signal boards. 

Operational data are measured by installed sensing equipment or provided by installed 
power electronic devices. Regardless, all these devices communicate through Ethernet, 
Profinet, Profibus or Modbus protocols.  

SCADA system was developed using latest Siemens WinCC RT software. Since both 
hardware and software are from the same manufacturer, easy commissioning and fault-
free operation is expected. Besides, real-time monitoring and logging developed SCADA 
system enables active control over the systems. This means that SCADA system enables 
operation control, turning the system on or off as necessary, monitoring and dealing with 
warnings and alarms, without the necessity for physical contact with the systems. Working 
station from which the SCADA system is used is shown in Figure 7.3. 
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Figure 7.3 SCADA system working station. 

Two different SCADA systems were implemented – one is based on the Siemens 
software, as mentioned previously, while the other is based on the inVIEW SCADA 
platform and displayed in web browser. inVIEW Web SCADA allows end-users to easily 
and efficiently develop applications for remote monitoring and control of industrial 
systems. Main screens of these two SCADA systems are shown in Figure 7.4 and Figure 
7.5, respectively. 

 

 

Figure 7.4 Main screen in Siemens SCADA system. 
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Figure 7.5 . Main screen in inVIEW Web SCADA system. 

 

7.2. KCV building energy management system 

Building Energy Management system for KCV complex is mainly based on active, real-
time measurement of electric and other parameters by using smart, industrial grade 
meters. The measured information is then gathered and logged on the local data center, 
but also the logged data is saved on the internet based storage system. The operational 
parameters of all systems can be monitored locally in real-time through the use of 
developed PC based SCADA system.  

For measuring electrical parameters of the systems inside KCV complex Siemens 
Sentron PAC 3200 and PAC 4200 smart power meters are used. Exemplary PAC unit is 
shown in Figure 7.6. These PAC devices have Modbus TCP/IP communication 
capabilities thus enabling easy, reliable and real-time data transfer.  

 

Figure 7.6 Siemens Sentron smart power meter 

Used configuration assumes a number of PAC devices being connected with PLC unit 
though industrial switch. The PLC unit preforms the data requests, gathers data, performs 
necessary calculations, logs data locally and in internet based storage, and displays real-
time data on SCADA interface.  



 

 

214 

Other types of data, like insolation, flow, pressure and temperature are obtained either 
from dedicated sensors or for example from inverters containing the necessary process 
information. Again all these devices are in terms of communication connected with PLC 
through Ethernet, Profinet, Profibus or Modbus protocols.  

Developed SCADA interface is shown in Figure 7.7, where it can be seen that all 
systems developed at the KCV complex are visible together with real time process data. 
SADA system was developed using latest Siemens WinCC RT software for real-time 
SCADA development. Since both hardware and software are from the same manufacturer 
easy commissioning and fault-free operation is expected. Besides real-time monitoring 
and logging developed SCADA system enables active control over the systems. This 
means that SCADA system enables operation control, turning the system on or off as 
necessary, monitoring and dealing with warnings and alarms, without the necessity for 
physical contact with the systems. Working station from which the SCADA system can be 
used is shown in Figure 7.8.  

 

Figure 7.7 SCADA system for monitoring and control of KCV systems 
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Figure 7.8 SCADA system working station  

 

7.3. FERIT building energy management system 

FERIT building energy management system continuously monitors current 
meteorological parameters at the microlocation of FERIT buildings, generation of 
electricity by the renewable energy systems and building consumption. General 
schematic of the building energy management system is given in Figure 7.9. Building 
energy management system uses Growatt ShineMaster data logger (Figure 7.10). 
Growatt ShineMaster serves as a central data logger in the system that enables to 
monitor, analyze, parameterize all managing systems. Data logger enables 
communication with up to 64 inverters and smart meters over RS485 protocol. 
Photovoltaic inverters Growatt MID 20KTL3-X and Growatt 10000TL3-S, Growatt smart 
meters and Growatt weather station is connected to data logger via RS485 
communication interface while Growatt SPH 5000TL3-BH hybrid inverters are connected 
via WiFi interface. Growatt ShineMaster is installed along with ProzaNET SCADA on 
server. Current meteorological parameters (solar irradiance, ambient temperature, wind 
speed and module temperature) are measured with Growatt Weather Station installed at 
the FERIT building roofs. 
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Figure 7.9 FERIT building energy management system schematic 

 

 

Figure 7.10 FERIT data logger Growatt ShineMaster 
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Building energy management system also continuously monitors power quality. 
Monitoring of power quality in FERIT building in Trpimirova street is performed using 
network analyser PQube 3. This instrument is for both monitoring and diagnosing issues 
with electric power systems and sensing environmental conditions, helping to quickly 
solve problems that impact the quality and reliability of product or process. This compact 
instrument is the power monitor and real-time sensor. It records every type of AC power 
disturbance - including 4 MHz sampling of impulses - and it is an IEC 61000-4-30, edition 
3 Class A certified, ultra-precise energy meter. It monitors up to two three-phase loads, 
or eight single-phase loads with a single instrument. Records environmental data - such 
as temperature, humidity and barometric pressure, vibration, 3-axis acceleration - as well 
as process parameters, including torque, RPM, fuel level, water flow, and more. It is a 
unique combination of the best features of a power disturbance monitor, a power/energy 
meter, a process and environmental data logger, and a digital fault recorder. It’s easy to 
install, easy use.   

FERIT building in Trpimirova street installed three the network analyzer PQube 3. 
These measurement devices are placed around in the building to collect information 
about electrical quantities, power quality, production and consumption. The exact position 
of the measuring points is shown in the single-line diagram in Figure 7.11. 
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Figure 7.11 Single-line diagram of power quality monitoring in FERIT building in 
Trpimirova street 
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Single line diagram represents all power quality measurements point in FERIT building. 
Respectively, PQ 1 is installed in a separate electrical switchboard (GRO) and is used for 
measurement: 

 Total energy consumption from utility grid: at this measurement point device 
records all power quality data of electricity we export to the public utility grid or 
import from the grid. 

 Total energy produced: at this measurement point, device records the 
production power quality of electricity from photovoltaic systems and from the 
renewable energy storage system. 

 Total energy consumption of the FERIT building: the device at this 
measurement point records the production power quality of electricity total 
energy consumption, more precisely, the device measures what power quality 
of electricity it takes from the grid. In this point the total energy is the sum of 
energy from the utility network and the energy produced by the photovoltaic 
systems or renewable energy storage system.   

PQ2 is installed in an electrical switchboard RO-SE1 and he are used for measurement 
total energy produced by photovoltaic system inverters I1, I2, I3 and ETFOS1. Network 
analyser PQ 3, installed in electrical switchboard RO-SE2, is used for measurement the 
point between the microgrid (Figure 7.12) and the distribution power grid. That point we 
also called the point of common coupling (PCC). Furthermore, the network analyser 
measures the production of the I3 hybrid inverter and the consumption of great hall air 
conditioning system. 

 

 

Figure 7.12 PQ3 in electrical switchboard RO-SE2 

7.4. KBCO building energy management system 
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KBCO simultaneously monitors current meteorological parameters at the microlocation 
of the KBCO complex, generation of electricity by the photovoltaic systems and total 
consumption of the complex. General schematic of the building energy management 
system is given in Figure 7.13. Generation of the photovoltaic system uses SMA Data 
Manager M (Figure 7.14) as a central data logger in the system that enables to monitor, 
analyze, parameterize and manage photovoltaic systems. Photovoltaic inverters and data 
logger are connected over Ethernet communication interface, even though other 
interfaces like WLAN and RS485 are available. SMA Data Manager M data logger 
enables to connect up to 50 inverters with nominal power up to 2.5 MVA. SMA Data 
Manager M is installed along with Movicon 11 SCADA on server at the TS 10/0.4 kV 
Bolnica 3 (Maternice/Ginekologija) substation. Consumption of the KBCO complex is 
monitored at the energy meter location with power analyzer SENECA S711-E power 
meter installed at TS 10/0.4 kV Bolnica 2 substation connected with Ethernet to the 
SCADA. Current meteorological parameters (solar irradiance, ambient temperature, wind 
speed and module temperature) are measured with SMA Sunny Sensorbox installed at 
the Department of Diagnostical and Interventional Radiology building roof also connected 
to the SMA Data Manager M. 

 

Figure 7.13 KBCO building energy management system schematic 
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Figure 7.14 KBCO data logger SMA Data Manager M 

 

7.5. UNISB building energy management system 

BEMS (Building energy management system) of UNISB building consists of 3 parts: 
the first part is based on GROWAT's inverter and photovoltaic monitoring system together 
with battery controller, power quality analyzer and data loggers - in general it is a 
monitoring system of the electrical part of renewable energy sources and meteorological 
(outdoor) conditions; the second part displays and stores measurement data on a 
computer (internal conditions of individual rooms) via temperature sensors in several 
characteristic offices/classrooms of the building together with PLC and the third part 
consists of a measurement system that measures, displays and stores basic parameters 
of thermo-technical system (Figure 7.15).  



 

 

222 

  

Figure 7.15 Electric cabinets: PV system (left) and Thermo-technical system 
(right)   

 

7.6. Results 

Since all exemplary objects contain building energy management systems, it is 
impractical to present all available measurements and results. Figure 7.16 and Figure 
7.17 some results of KBCO BEMS, Figure 7.18 and Figure 7.19 present results of FERIT 
BEMS while Figure 7.20, Figure 7.21, Figure 7.22, Figure 7.23, Figure 7.24, Figure 7.25, 
Figure 7.26, Figure 7.27, Figure 7.28, Figure 7.29, Figure 7.30 and Figure 7.31 give an 
overview of UNISB BEMS results. 

 

 

Figure 7.16 KBCO PV systems overview 
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Figure 7.17 KBCO total yield of PV systems in August 2021 

 

 

Figure 7.18 FERIT overview of hybrid inverter equipped with renewable energy storage 
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Figure 7.19 FERIT PV system generation profile installed on building on December 20 
2021 
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Figure 7.20 Location of temperature sensors inside the UNISB building and their 
weekly measured data 

 

Figure 7.21 Output power of UNISB PV power plant during cloudy day 
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Figure 7.22 Daily generated electric energy of UNISB PV power plant during 
December 2021 
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Figure 7.23 Monthly generated electric energy of UNISB PV power plant during 
2021. 

 

 

Figure 7.24 Continuosly measured data of outside temperature at the UNISB 
building during the day  
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Figure 7.25 Continuosly measured data of insolation at UNISB building during the 
day  

 

Figure 7.26 Monthly average measured data of insolation and temperature at 
UNISB building during 2021.  
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Figure 7.27 Insolation of typical summer day at UNISB building 

 

Figure 7.28 Monthly data of electricity generation of UNISB PV power plant 
measured by network analyzer 
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Figure 7.29 Energy percentage monthly savings between 2020. and 2021. 
(UNISB PV power plant in function)    

 

Figure 7.30 Energy monthly data during 2020. and 2021. (UNISB PV power plant 
in function)    
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Figure 7.31 Energy monthly savings between 2020. and 2021. (UNISB PV power 
plant in function)    
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Conclusion 

Realised renewable energy-based systems represent a diverse mix spanning from PV 
systems, renewable energy storage systems, charging stations, wind energy systems, 
HVAC systems, biodiesel generators and biodiesel generation systems, solar-thermal 
systems and heat-pump systems installed on exemplary facilities of project partners. 
BEMS developed enable continuous monitoring and control of the systems enabling the 
conversion to smart public buildings. The stored data from developed BEMS will enable 
the performance analysis of all installed renewable energy systems on the facilities, 
optimizing the work of individual subsystems, education of our students and experts with 
the new technologies of RES and performing of scientific researches. 
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