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Abstract: The application of solar energy and 

other renewable energy sources (wind, hydro, etc.) 
enables the connection of low-power electrical 
energy generation units to the grid. This new 
concept called distributed energy generation, 
provides opportunities to separate parts of 
existing distribution networks into smaller units, 
i.e., microgrids, which can be self-sufficient and 
sustainable for shorter or longer periods. In a 
smart grid environment, efficient usage of energy 
and better consumer energy supply is possible, 
especially in cases of failures in the main grid. This 
paper presents a method for the assessment of 
possible rooftop PV system power capacity in a 
smart city. Special attention will be paid to the 
generation units coming from renewable energy 
(solar) and the possibility of supplying existing 
loads. As a case study, the results of a 
hypothetical project on the possibility of PV solar 
energy application for the electricity supply in 
some cities in Serbia are presented. 
 

Index Terms: Smart City, PV Roof-Top Systems, 
PV supply 

1. INTRODUCTION 

HE concept of digitalization in all aspects of 
human life is spreading rapidly. After entering 

telecommunications (Smart Phones) and electric 
power systems (Smart Grids, Microgrids, 
Nanogrids, AC-DC grids), by involving all 
industrial processes (Industry 4.0) and 
revolutionizing the medical system (Smart 
Medicine), by using for management from the 
household (Smart Homes) to public governing 
(Smart Government), by changing business 
(Smart Banking, Smart Retail, etc.), 
transportation (Smart Mobility, Autonomous 
Vehicles), data information and science (Big 
Data, Open Data, Open Access), and by 
spreading to almost every item (Internet of 
Things), and other fields, such concepts are now 
aggregated in a Smart City vision [1, 2]. It is 
believed that such an approach will improve 
human lives, make living more comfortable, and 
result in more sustainable living by significant 
water saving, unrecycled solid waste decrease, 
better environmental quality, time-saving in 
commuting, city transport, and for all services in a 
smart city, improving safety, social contacts, and 
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job opportunities, and decreasing disease burden 
[3,4].  

However, this concept requires substantial, all-
time available energy resources. The use of 
energy must be efficient with minimum losses; 
therefore, advanced technologies are required. 
Furthermore, to enable a sustainable future, such 
energy needs to be from renewable sources 
without any greenhouse gasses (GHG) 
emissions, especially CO2. In this sense, a lot of 
research has been conducted in the past. The 
Scopus database (Fig. 1) shows that there are 
several hundred papers per year related to this 
topic (smart city energy). 

 

Figure 1. The number of papers published each year 
on the topics “smart city, energy” 

(Source: Scopus database, Dec.2021 https://www.scopus.com). 

 
Nowadays, the use of electrical energy is 

considered the most convenient and is in line 
with environmental protection and a sustainable 
future. It can be used directly, easily transform to 
other energy and its use is without any side 
effects, waste or leftovers, gas emissions, and of 
high efficiency. Thus, many devices have been 
invented and used in households, businesses, 
transportation, education, medicine, industry, and 
everyday life. However, the generation of 
electricity is mainly based on fossil fuels (coal, oil, 
or gas); therefore, they need to be gradually 
replaced by renewable energy sources [5]. 

Typically, the electrical energy supply of a city 
is provided by external (out-of-city) generation 
units. It is convenient as the power plants may be 
close to energy resources but require long 
transmission and distribution lines, which 
produce losses (8-10%). However, the main 
problem is in the highly negative effects of these 
units on the environment and significant CO2 
emissions [6]. To avoid these drawbacks, a 
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solution is sought by moving generation into the 
distribution network, which is known as 
distributed energy resources (DER) or distributed 
generation (DG) [7]. Regarding the concept of a 
smart city, it means that the electricity generation 
units will be placed within the city. However, the 
urban environment is very restrictive for any 
generation activity, and thus far, the only solution 
is to use photovoltaic (PV) modules and place 
them on rooftops, i.e., the top of buildings, 
industrial plants, parking lots, or other available 
in-the-city spaces. Many studies proposed 
different methods or techniques for the 
assessment of urban rooftop PV potential [8-11]. 
Thus, it was concluded that it can be considered 
a high-potential electricity producer. However, 
only a few studies have been related to the cities 
in Serbia, but without technical potential 
assessment [12,13]. 

The goal of this paper is to present the results 
of research on the possibilities of using rooftop 
PV solar systems for the power supply of a city. 
Among the three available PV systems, on-grid 
(grid-tied), off-grid, and hybrid, only on-grid PV 
systems were considered in this research. They 
are the simplest, require low out-of-the-roof 
space, are easy to maintain, and are cost-
effective. A method for estimating the available 
rooftop space in a city and the PV system power 
is presented, and the applied PV system 
technology and grid interconnection are 
described. Several case studies have been 
conducted in cities in Serbia. The results were 
compared with the actual data on the electricity 
consumption of a city, and the participation of the 
rooftop PV electricity generation was determined.  

2. METHOD OF PV SYSTEM POWER ESTIMATION 

2.1 General 

The applied method consists of several steps 
that must be conducted to obtain the final result. 

The first step is to determine the solar potential 
(irradiation) of a city. For this purpose, different 
software tools are available, but PVGIS software 
will be used here [14].  

The next step is to estimate the available 
rooftop space, using publicly available data from 
local cadaster and Google Earth images. These 
data should be processed, as not all available 
space is convenient for the placement of PV 
systems. Roof inclination, orientation, obstacles, 
shading from nearby objects or vegetation, and 
PV module type should be considered.  

The following step is the determination of the 
PV system. The on-grid PV system is the most 
convenient, and it can be designed with 
commercially available PV modules and 
inverters, and easily interconnected to the grid 
following the local grid code. 

Finally, the connection point to the low-voltage 
(LV) or medium-voltage (MV) distribution grid 
should be determined. 

The possible annual electricity generation from 
the designed PV system can now be estimated. 
The feasibility (techno-economic analysis), cost-
effectiveness, and justification of the project 
should be studied, at the end.  

2.2 Solar Potential 

The PVGIS software tool enables easy 
determination of the solar potential of any 
location on Earth [14]. It is simple, user-friendly, 
and freely available. It presents the required 
information of the solar irradiation energy in 
kWh/m2 or possible electricity generation from 
1 kWp PV modules in kWh/kWp/year with an 
assumption of a 0.75 performance ratio. As an 
example, in Fig. 2, a solar map of Serbia with 
global irradiation and solar electricity potential is 
presented. It can be seen that for a city in Serbia 
around 1,200 kWh of electricity can be expected 
in a year from 1 kWp of PV modules solar power. 
These data have been generally confirmed by 
comparison with the output of an actual rooftop 
PV plant located in the city of Novi Sad [15]. 

 

 

Figure 2. Solar map of Serbia [14] 

2.3 Estimation of Available Roof Space 

Different methodologies are available for 
assessing the roof space in a city. They can be 
divided into the sample ones, multivariable 
sampling-based, and complete censuses 
methods [16].  
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The third method was shown to be the most 
accurate [16]. It relies on the computing of the 
entire rooftop area in the study area. It was used 
in this paper, but in an adapted (simplified) form, 
i.e., a combination of public data and satellite 
images of a city were applied. 

For this purpose, local cadaster data of the 
total land area covered by houses, buildings, 
industrial halls, and other suitable objects for 
mounting rooftop PV systems were obtained. The 
land area is pre-calculated on the rooftop area 
depending on whether the roof is inclined or flat 
using standard mathematical trigonometric 
functions. The typical roof inclination of 32 
degrees was assumed.  

Google Earth images were used to determine 
the general orientation of the roofs such that the 
north side roof area was reduced from the total 
amount. In addition, the east or west side area 
was halved. The available roof area was further 
reduced taking into account the obstacles, 
shading from neighboring buildings, nearby 
objects, and vegetations. It is possible to use 
more advanced methods with pattern recognition 
[8, 9]; however, they are costly and must be 
adapted for typical roofs in a certain city block. 

The final result is the total available roof area in 
square meters where the PV modules can be 
mounted. 

2.4 PV System Design 

A rooftop PV system consists of PV modules 
connected in one or more strings placed on the 
available rooftop space. PV modules are 
mounted on special metal constructions that 
either follow the inclination of the roof or provide 
a suitable (optimal) inclination that enables 
maximum harvesting of solar energy. When 
placing PV modules on the determined roof 
space, it is necessary to provide an adequate 
distance between the panels for walking paths or 
cleaning and maintenance. These factors should 
be included in the calculation of the total number 
of PV modules that can be placed in a rooftop 
space.  

There are different types and manufacturers of 
PV modules, so it is the most convenient 
(economical) to select one type and to determine 
its main characteristics. In that way, the 
necessary roof area for placement of a 1 kWp of 
PV modules can be determined. Finally, as the 
number of PV modules is known (calculated 
before), the total power capacity of rooftop PV 
systems can be estimated. 

Besides the PV modules and mounting 
construction, the PV system design includes DC 
cables, switches, and fuses on the DC side, then 
DC/AC converter (grid-tied inverter) and AC side 
equipment with electric meter. This part is 
important for the feasibility study of the project. 

The block diagram of a complete rooftop PV 
system is shown in Fig. 3 [15]. 

2.5 Connection to the Grid and Electricity 
Generation 

Rooftop PV systems are connected to the 
distribution grid at nearby medium-voltage (MV) 
to low-voltage (LV) transformer stations or at the 
household LV busbar. Owing to changes in the 
classic power flow, updated grid codes must be 
followed carefully. To avoid negative effects, 
additional power flow studies and preventive 
maintenance are required. 

Finally, total monthly electricity generation can 
be estimated for the calculated power capacity 
and given solar potential. 

2.6 Feasibility and Cost-Effectiveness  

The results may be compared with the actual 
data on the electricity consumption of a city, and 
the participation of the rooftop PV electricity 
generation was determined. 

 

String A (20 PV modules)
Distribution box

Power 
network

DC 
switch

Inverter AC 
switch

String B (20 PV modules)

 

Figure 3. Block diagram of a roof-top PV system [15] 

3. CASE STUDIES 

The proposed method was tested for the power 
supply of several cities in Serbia. The project 
aims to equip all suitable rooftops with PV 
systems and enable the supply of local 
consumption from such “clean” energy sources. 
To realize such a hypothetical project, the 
following requirements need to be fulfilled: 
 Citizens must agree to participate; 
 Installation must be simple, inexpensive, and 

easy to realize; 
 Rooftop PV systems without storage (in-grid) 

should be considered only; 
 All the generated energy is to be delivered to 

the distribution grid; 
 Connection to local distribution transformer 

stations should be planned only; 
 Finance should be by private or by local 

public sources. Bank credit and other 
investment methods should also be 
considered; 

 Generated energy will be exchanged for the 
electricity based on annual balance: 1 kWh 
(PV) = 1 kWh (coal thermal plant); 
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 Delivered power energy should be awarded 
to avoid CO2 emissions from coal-based 
thermal plants. 

The results of this research are presented for 
the case studies of cities Šabac, Subotica, and 
Ljubovija. 

3.1 Case Study 1: City of Šabac 

Šabac is a city in the northwestern part of 
Serbia. It is an industrial, agricultural, cultural, 
and tourist city, with approximately 55,000 
inhabitants. It has average electricity 
consumption of 150 kWh/year per household. 
Fig. 4 shows a Google Earth image of the main 
part of the city. It can be observed that most of 
the houses are individuals with inclined rooftops. 
A significant part of the flat roofs is located in the 
city center and industrial zone. 

 

 

Figure 4. Google Earth view of Šabac 
 

Rooftop PV systems are envisaged as 
individual systems of low power (5 kWp per roof), 
which can be managed by private owners. The 
total monthly electricity generation is presented in 
Fig. 5, and the total annual generation is 
150,280,200 kWh. As the total annual city 
demand is 505,156,000 kWh, the PV generation 
participation is 29.7%. 
 

 

Figure 5. Monthly energy generation of the city of Šabac 

3.2 Case Study 2: City of Subotica 

Subotica is a city in the northern part of 
Serbia. It is an industrial, agricultural, cultural, 
university, and tourist city, with approximately 
100,000 inhabitants. It has average electricity 

consumption of 150 kWh/year per household. 
Fig. 6 shows a Google Earth image of the main 
part of the city. It can be seen that the majority of 
buildings are individual houses, with industrial 
and public houses concentrated in several zones. 
 

 

Figure 6. Subotica – Google Earth view 
 

Based on data from the cadaster, there is 
17,990,000 m2 of ground covered by different 
buildings. When orientation analysis for all roofs 
was conducted, it was calculated that 
5,702,267.83 m2 of individual (private) houses 
and 1,900,755.93 m2 of public or industrial 
buildings are suitable for the rooftop PV systems 
oriented towards the south, southeast, or 
southwest. For a rough estimation of the installed 
power of the possible PV system, a standard PV 
module should be selected. In this case, 1 kWp 
of the PV modules usually covers 6 m2. Thus, a 
total of 965.6 MWp can be installed on the 
rooftops of individual houses and an additional 
321.9 MWp on other buildings. The average 
monthly electricity generation of such PV 
systems can be estimated at 1,425,100 MWh 
using data from the PVGIS software. If compared 
with the average monthly consumption of all 
loads in Subotica, it can be seen that PV 
generation will cover approximately 58.6% of the 
total demand. 
 

 

Figure 7. Monthly energy generation (red columns) and PV 
generation (blue columns) in the city of Subotica [17] 

3.3 Case Study 3: City of Ljubovija 

Ljubovija is a city in western Serbia. It is an 
agricultural and tourist center on the banks of the 
Drina River (Fig. 8.). It has approximately 5,000 
inhabitants. From the cadaster, it was found that 
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there are 1,850 individual houses, 15 collective, 
and 15 public and industrial buildings. The total 
available roof surface is 182,500 m2, but suitable 
for rooftop PV systems are 73,000 m2. Therefore, 
the installed power of the PV system was 
estimated to be approximately 10,950 kWp.  

Again, rooftop PV systems are envisaged as 
individual systems of low power (5 kWp per roof), 
which can be managed by private owners. The 
total monthly electricity generation is presented in 
Fig. 9; the total annual generation is 11,800,000 
kWh. As the total annual city demand is 
11,208,000 kWh, the PV generation participation 
is 100.0%. 

 

 

Figure 8. Aerial view of Ljubovija 

 

 

Figure 9. Monthly energy generation of the city of Ljubovija 

4. CONCLUSION 

It can be concluded that a rooftop PV system 
can enable a “clean” energy supply for 
substantial or even complete city consumption. 
Of course, the generated energy is not equally 
distributed over the hours of the day, and in some 
periods is not available in the full amount (winter 
months); therefore, backup from the main public 
grid is needed. However, PV generation can 
significantly decrease CO2 emissions from 
thermal power plants and reduce electricity costs 
for PV system owners. 
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