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Abstract: Rooftop photovoltaic (PV) systems are essential for meeting the increasing demand for electricity 
while reducing reliance on fossil fuels, thereby enhancing overall air quality. Yet, for many countries, the 
geospatial distribution of rooftop PV potential remains poorly quantified, constraining the design of effective 
policies and grid planning. This study delivers the first nationwide, building-level assessment of rooftop PV in 
Serbia, integrating Microsoft machine-learning building footprints with Global Solar Atlas irradiance data and 
a calibrated performance-ratio model on the Google Earth Engine platform. The findings show an upper-
bound technical potential of 41.1 GW and 51.5 TWh/year, which is around 40% more than Serbia's current 
electricity consumption. In Serbia, spatial heterogeneity is present, as cities such as Novi Sad and Leskovac 
surpass 1 TWh annually, while municipalities in rural areas fall below 20 GWh. The comparison of per-area 
yield intensity (~250 GWh/km²) in this study exceeds previous estimates in Serbia, while still aligning with 
global upper-bound studies. Novel contributions include municipal-level mapping across 197 units, 
integration of prosumer registries, and a social case study demonstrating the role of rooftop PV in alleviating 
energy poverty. This study takes a novel approach, based on unconventional data, to estimate rooftop PV 
potential at the level where decisions actually happen. It enables a bottom-up shift in energy policy, 
empowering local authorities to drive the energy transition independently from centralized energy policy. 
These findings support the development of more effective local energy plans that align with residents' needs 
and overcome bureaucratic delays in project approvals. 
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1. Introduction 
Increasing renewable energy globally is now a practical necessity rather than just a policy 
goal. With a global capacity of about 1.5 TW by 2023, solar photovoltaics (PV) have taken 
the lead in this shift (International Renewable Energy Agency, 2024). Among different 
applications, rooftop PV is particularly attractive because it makes use of existing 
infrastructure, reduces competition for land, and allows households and communities to 
participate directly in the energy system. Several studies (e.g., Baruch-Mordo et al., 2019; 
Gernaat et al., 2020; Joshi et al., 2021; Yeligeti et al., 2023; Zhang et al., 2025) show the 
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potential and role of rooftop PVs in increasing electricity supply and creating decentralized 
electricity systems all over the world. In the literature, recent trends focus on the use of 
ML-based, building-level frameworks for city-scale rooftop PV mapping (Li et al., 2024), 
multi-source deep-learning pipelines at urban scale (Long et al., 2025), and nation-wide 
bottom-up assessments that highlight the value of building-level footprints for scaling 
potential estimates (Winkler et al., 2025). 

The role of rooftop PV is set in Europe's 2030 climate and energy framework. The 
Renewable Energy Directive now sets a binding target of at least 42.5% renewables in gross 
final consumption by 2030, with the ambition of reaching 45% (European Parliament, 
Council of the European Union, 2023). To support this, detailed assessments of rooftop PV 
have been carried out across the EU. Bódis et al. (2019) provided a continental-scale 
geospatial analysis at 100 m resolution, while Molnár et al. (2022, 2024) refined these 
approaches to building-level modelling. National, regional, and urban case studies, such as 
those conducted for Germany (Mainzer et al., 2014), Switzerland (Assouline et al., 2017), 
Spain (Gómez-Exposito et al., 2020), the Piedmont Region in Italy (Bergamasco & Asinari, 
2011), mid-sized town of Bardejov in eastern Slovakia (Hofierka & Kanuk, 2009), a group of 
buildings in a suburb of Lisbon (Brito et al., 2012), and urban area of Maribor (Srećković et 
al., 2016), show that spatially explicit estimates are indispensable when designing incentives 
and planning grid integration. The experience of Valencia (Gómez-Navarro et al., 2021) is 
especially relevant, as it demonstrates how rooftop PV mapping can support local programs 
and strengthen public participation. 

Due to its significant dependence on fossil fuels, Serbia remains highly vulnerable to 
fluctuations in the price of imported fuels (Batas Bjelić & Đukić, 2018) and the unsustainable 
environmental impacts of lignite mining (Batas Bjelić, 2024). Serbia introduced its National 
Energy and Climate Plan (NECP; Government of the Republic of Serbia, Ministry of Mining and 
Energy, 2025) to address these issues and comply with the EU's decarbonization vision. Despite 
acknowledging that solar and wind are the primary forces behind the growth of renewable 
energy, its objectives remain modest: only roughly 3.5 GW of additional capacity is planned by 
2030 (Aleksić & Batas Bjelić, 2021). This is surprising, given the country’s favorable natural 
conditions – Serbia is receiving approximately 1,400 kWh/m² of annual solar radiation, around 
40% above the European average (Pucar & Nenković Riznić, 2009). Additionally, applications 
totaling 5.8 GW of capacity have already been submitted to the distribution operator, 
demonstrating strong investor interest (Elektrodistribucija Srbije [EDS], 2023). But things have 
moved slowly. Only 166 MW of the installed capacity had been reached by the end of 2023 
(Spasić, 2024), falling significantly short of regional peers such as Hungary, Bulgaria, and 
Romania (International Renewable Energy Agency, 2024). 

Existing assessments of rooftop PV potential provide only a partial explanation. Earlier 
studies (Batić & Ivančić, 2023; Doljak & Samardžija, 2017; Đurišić & Škrbić, 2022; Stojkov, 2011) 
relied mainly on statistical proxies for the building stock and applied several assumptions on 
usable roof area and efficiency. As a result, they generated aggregated national totals but 
offered little insight into local variation. On the other hand, Ašonja and Vuković (2018) offered 
a broad overview of Serbia’s solar energy potential, highlighting barriers to deployment such 
as grid limitations and low realization rates compared with the country’s high solar irradiance. 

Nevertheless, as several local studies have begun to show, such as analyses for Belgrade 
(Brankov et al., 2020; Dodig & Djapic, 2023), Vranje (Gradska uprava Vranje, 2022), Inđija (as 
one of the pilot cities in the i-Scope project; Protić et al., 2018), and selected municipalities 
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(Batas Bjelic & Ciric, 2014; Batas-Bjelic et al., 2017), the potential for rooftop PV varies 
substantially across regions. Without spatial detail, it is difficult to design incentives that reflect 
local opportunities, anticipate where distribution grids might face bottlenecks, or identify 
municipalities where rooftop PV could be used as a tool for alleviating energy poverty. In short, 
the lack of geospatially explicit data has become a bottleneck for Serbia’s solar transition. 

The present study seeks to fill this gap and provide first comprehensive, municipal-level 
assessment of rooftop PV technical potential in Serbia. Upper-bound of rooftop PV technical 
potential, in terms of installed capacity and annual electricity generation, across 197 
municipalities in Serbia, is estimated by combining irradiance data from the Global Solar 
Atlas (Solargis, 2024) with Microsoft Global ML Building Footprints (Microsoft, 2022) via a 
performance-ratio model (Wu et al., 2017). The results were compared with earlier 
estimations made for Serbia (Batić & Ivančić, 2023; Doljak & Samardžija, 2017; Đurišić & 
Škrbić, 2022; Stojkov, 2011) and the EU (Bódis et al., 2019; Molnár et al., 2024), as well as 
other studies worldwide. More importantly, the obtained results are relevant for the 
implementation of Serbia’s NECP (Government of the Republic of Serbia, Ministry of Mining 
and Energy, 2025), the design of incentive schemes, and the broader involvement of citizens 
as energy prosumers. Through this research, Serbia aligns with best international practices 
and provides policymakers with the spatial evidence they need to transition from national 
goals to local initiatives. 

2. Study area 
Serbia is located in Southeastern Europe, at 
the center of the Balkan Peninsula, defined 
by the coordinates 41°53ʹN–46°11ʹN and 
18°49ʹE–23°00ʹE. The country covers a total 
area of 88,499 km² and is divided into 197 
municipalities and cities (Figure 1; Statistical 
Office of the Republic of Serbia [SORS], 
2024a). The 2022 Census reports a total of 
2,261,051 residential buildings (SORS, 
2024b) and 6,647,003 inhabitants (SORS, 
2023), excluding the Autonomous Province 
[AP] of Kosovo and Metohija (the territory 
under United Nations Security Council 
Resolution, No. 1244; United Nations, 1999). 

The northern region of Serbia features 
mostly lowlands with an elevation of less 
than 200 m a.s.l., whereas the remainder 
of the country consists of mountains 
drained by the main river valleys of Velika 
Morava, Zapadna Morava, and Južna 
Morava. These valleys and lowlands have 
the highest population density and 
activity concentration. 

Most of Serbia has a moderately continental climate, except for the northern part, which 
is characterized by a continental climate, and the southwest, with a modified Mediterranean 

 
Figure 1. Study area. 
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climate (Milovanović et al., 2023). The average sunshine duration per year (period 1961–2010) 
ranges from 1,534.8 hours in Požega to 2,142.6 hours in Kikinda (Milovanović et al., 2017). 
The northwestern part of Serbia receives less than 1,240 kWh/m² of global horizontal 
irradiance annually, whereas the southeast receives more than 1,540 kWh/m² (Institute for 
Multidisciplinary Research, 2004). 

Figure 1 illustrates the spatial distribution of 161 solar power plants listed in the Register of 
connected power plants that use renewable energy sources (updated on January 15, 2025; EDS, 
2025a) in Serbia. The total installed capacity of these solar power plants is approximately 
87 MW, with rooftop systems contributing around 10 MW. Additionally, 4,410 solar power 
plants are registered in the Prosumer registries with a total installed capacity of 88.8 MW as of 
February 2025 (EDS, 2025b, 2025c, 2025d). 

3. Data and methodology 
To estimate the spatial variability of PV potential on building rooftops, various data sets and 
software were used. Computing was performed on the Google Earth Engine (GEE; Google, n.d.; 
Gorelick et al., 2017) platform, while the final results, presented as maps of rooftop photovoltaic 
potential and current installed capacity, were created using QGIS (Version 3.16; 2020) software. 

The study applies three spatially explicit datasets: solar resource, building footprint, and 
borders of administrative units (i.e. municipal boundaries). Solar resource data are obtained 
from Global Solar Atlas (Version 2.11; Solargis 2024). The average yearly sum of global 
horizontal irradiation (kWh/m²) data for the period 1994–2018 was converted to irradiance data 
(W/m²), and the mean value was computed for each building. Global ML Building Footprints, 
i.e. MSBuildings dataset (Microsoft, 2022) was used to derive building footprint vector data for 
Serbia. The dataset comprises 1.4 billion building footprints worldwide, extracted from Bing 
Maps imagery between 2014 and 2024, including imagery from Maxar, Airbus, and IGN France. 
Squares of missing data in the dataset were due to exclusion processes of imagery tiles that 
were dated prior to 2014 or those with a low detection probability (loosely defined by 
proximity to roads and population centers). In Serbia, gaps in the data are primarily found in 
the southern region. Consequently, the municipalities of Vranje, Vranjska Banja, Preševo, 
Bujanovac, and Trgovište are completely excluded from estimation. 
 

 
Figure 2. Framework for the estimation of rooftop PV technical potential. 
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Before assessing the technical potential, the area and average irradiance for each building 
were calculated. Municipality boundaries were retrieved from the GeoSrbija open data 
(Republic Geodetic Authority, n.d.) platform and imported as an asset into GEE. The municipal 
level was used to display the final result of PV technical potential. The whole process model is 
illustrated in Figure 2. 

The hierarchical taxonomy of rooftop PV potential (Izquierdo et al., 2008) is followed, 
which distinguishes physical (resource), geographical (usable rooftop area after siting 
constraints), and technical potential (conversion of usable area and irradiance into electricity 
using performance parameters). Technical potential accounts for three aspects: irradiance on 
tilted surfaces, module spacing to avoid shading, and efficiency under real operating 
conditions. The present study explicitly captures the third aspect—module efficiency and 
system losses—through a performance-ratio model (Equation 2). At the same time, tilt and 
shading effects could not be resolved due to the lack of 3D roof geometry, and are 
therefore noted as limitations. Thus, this study reports an upper-bound technical potential, 
consistent with the international taxonomy and similar to approaches applied in other urban 
assessments (e.g., Gómez-Navarro et al., 2021), derived from usable rooftop area (building 
footprints with reduction coefficients) multiplied by a PV performance model that 
incorporates availability, balance-of-system losses, module efficiency, and long-term 
irradiance. This corresponds to the “technical” tier of the taxonomy but remains subject to 
refinement as higher-resolution DSM and building data become available. 

Technical potential for the ith rooftop PV (Pi; kWh/year) is estimated using Equation 1 
(Baruch-Mordo et al., 2019): 
 

 
Pi = Ai ∙ CFi ∙E ∙8,760 (1) 

 

where for each building i, Ai is available suitable roof area for installation of PV, CFi is the 
capacity factor, and E is the power density (W/m2). Available suitable roof area for building i 
is calculated as a product of total roof area and reduction coefficient depending on the 
building size. Initially, it was assumed that the building footprint area directly corresponded 
to the rooftop area. Reduction coefficients for small (< 465 m2), medium (465–2323 m2), and 
large (> 2,323 m2) buildings were taken from a study by Gagnon et al. (2016): 0.26, 0.49, and 
0.66, respectively. 

The capacity factor represents the ratio of actual to the highest feasible electricity 
generation of a power plant over a given period. To estimate capacity factor, Equation 2 
(Wu et al., 2017) is used: 

 

 
000,1

)1()1( 0 ib
i

GηηCF ⋅−−−
=  (2) 

 

where η0 is outage rate (4%), ηb is the inverter and AC wiring inefficiency rate (4%), Gi is 
spatially averaged solar irradiance (W/m2) for ith building, and incident solar radiation at 
standard test conditions of 1,000 W/m2. 

The power density for PV modules with a 15% conversion efficiency ranges from 120 to 
150 W/m2 (Smil, 2015). For this estimation, it is assumed that standard photovoltaic modules 
with an efficiency of 20% are installed. The power density in Equation 1 is set at 200 W/m² 
(Alhmoud, 2023). 
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4. Results and discussion 
The data analysis reveals a rooftop PV potential in Serbia that is both substantial and 
unevenly distributed. Using Microsoft building-footprint data, we estimate a total roof area 
of 655.34 km² nationwide, and it does not align with the 600 km² calculated by the Republic 
Geodetic Authority (eKapija, 2022). This source does not specify whether the Republic 
Geodetic Authority included the roof area in the AP of Kosovo and Metohija. After applying 
size-dependent reduction coefficients, approximately 205.6 km² remain suitable for PV 
installation. When combined with long-term irradiance values and a performance-ratio 
model, this corresponds to an upper-bound technical potential of 41.11 GW of installed 
capacity and 51.47 TWh of annual electricity generation. For comparison, this value is 42.3% 
greater than Serbia’s total electricity consumption in 2023 (SORS, 2025). 

Technical potential is unevenly distributed throughout the territory of Serbia. Cities pop 
out with their potential, with Novi Sad as the single highest contributor (exceeding 1,300 
GWh per year), followed by Leskovac, which surpasses the 1,000 GWh per year threshold 
(Figure 3A). Municipalities in remote areas have a smaller potential, as illustrated by cases 
such as Crna Trava and Novo Brdo, where estimated annual production is less than 20 GWh. 
Even more stark differences are shown by normalized values (Figure 3B), where sparsely 
populated areas continue to fall below the national average of 1,312 MWh/km². In contrast, 
Vračar, the most densely populated municipality in the City of Belgrade, has an annual PV 
power generation potential of over 30 GWh/km². 

 
Figure 3. Technical potential of rooftop PV by municipality (A) and per unit area within each 

municipality (B) in Serbia. 

The highest potential is found in municipalities that are geographically located on the main 
development axes of the Danube-Moravian Corridor and larger basins (Kosovo, Metohija, etc.). 
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It is also the area with the highest population density and activity concentration and, therefore, 
with the highest energy demand. Utilizing the estimated rooftop PV potential in this study, 
together with heat pumps, can be a solution to the air pollution problem, especially regarding 
PM2.5 levels from domestic heating in urban areas, as reported in studies by Stanojević, 
Malinović-Milićević et al. (2024) and Stanojević, Miljanović, et al. (2019). 

A comparison between the estimated and actual annual PV production was done in order 
to validate the results (Figure 4). The selection of existing photovoltaic systems was conducted 
based on available data regarding the electricity production of eligible producers 
(Elektroprivreda Srbije, 2015–2024). The systems were chosen to best align with the model's 
parameters, particularly the available roof area, across three building categories defined by 
their footprint area. Three existing rooftop solar PV power plants selected for validation with 
model results are: 
• “SE Jajinci” (44°44'39"N 20°29'27"E), with a capacity of 8 kW, developed on the roof of 

a small building (family house); 
• “IMP” (44°48'24.6"N, 20°30'23.7"E), with a capacity of 50 kW, mounted on the roof of 

a medium-sized building (R&D institution); and 
• “ST solarna“ (42°50'17"N, 21°35'18"E), with a capacity of 440 kW, installed on the roof 

of a large building (industrial hall).  
 

  

 
Figure 4. Comparison of actual vs. estimated annual PV production in systems installed on small (A), 

medium (A), and large (B) building rooftops. 

The mean absolute percent error between actual and estimated upper bound for the 
tested PV power plants is 11.4% (SE Jajinci), 25.3% (IMP), and 55.3% (ST Solarna). Figure 4B 
shows that the model could be less accurate when evaluating large rooftop PV power plants. 
Although a suitable rooftop area for PV panel installation matched the real conditions, it was 
not determined that the same type of PV panels were used as in the assessment model, and 
which part of the roof has been used to mount PV panels. Also, the estimation did not 
consider all PV system losses, such as shading, soiling (dirt on panels), temperature-related 
losses, spectral and angular losses, which can vary from 10% to 25%, as noted by Denholm 
et al. (2010). Additionally, it is not known if produced energy is used for self-consumption 
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and to which percentage of the production. This suggests a need for deeper investigation 
into all known technical predictors as part of future studies. 

The proposed methodology in this study allows for estimating the potential energy 
production from rooftop PV systems for a specific group of facilities. To address the energy 
insecurity faced by low-income households, the social neighborhood of Košutnjak in the 
Municipality of Čačak, located in southwestern Serbia, was selected as a case study 
(Figure 5). The settlement consists of 13 buildings with 102 apartments ranging in size from 
20 to 50 m2. According to the study by Vuksanović-Macura et al. (2021), monthly utility 
expenses, including electricity and gas, vary from 110 to 196 euros depending on the size of 
the apartment. The total area of roofs that can be utilized in the neighborhood is 
approximately 442.52 m², which permits the installation of 88.5 kW of PV systems. These 
systems have the potential to generate 108.42 MWh of electricity per year which could have 
monetization level of support at around 100,000 € per year. 

An average family house with a footprint area of 80 m² can install a PV system on its roof 
with a capacity of approximately 4.2 kW, generating around 5.1 MWh of electricity per year. 
A 100 kW PV system can be installed on a 1,000 m² multifamily residential roof, generating 
approximately 120.6 MWh of electricity per year. Furthermore, a supermarket with a 
2,500 m² footprint could accommodate a 330 kW PV system, producing about 407 MWh of 
electricity annually. 

 

 
Figure 5. Technical potential for rooftop PV in social house neiborhood Košutnjak in Čačak. 

Energy poverty remains a persistent challenge in Serbia, with between 7% and 22% of 
households struggling to secure essential energy services (Ban et al., 2021). According to 
SORS (2024c), 9.4% of people live in households that cannot afford to keep their homes 
adequately warm. Energy bills represent 11.4% of the average household's monthly income. 
Electricity accounts for 45.7% of this total, while natural gas, solid and liquid fuels, and district 
heating account for the remaining 54.3% (SORS, 2024d). Low income, high energy expenses, 
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and low energy efficiency are the main causes of energy poverty (Boardman, 1991, as cited in 
Croon et al., 2024). Old and inefficient heating systems that burn solid fuels, such as coal and 
wood, are typical in socially vulnerable households. Since they cannot afford to replace these 
devices, they end up using far more energy to heat their homes (RES Foundation, 2021). 
Installing solar panels and improving insulation and heating systems directly reduce utility costs 
for tenants (Croon et al. 2024), ensuring a decent standard of living and protecting our health. 
Solar systems with 1–5 kW output power are suitable for various consumer needs (Vuksanović–
Macura, 2021) and could help in alleviation of energy poverty in low-income households 
(Avramović & Batas Bjelić, 2024). 

In contrast to the technical ceiling presented above, the reality on the ground is modest. 
Household prosumers (customer who produces electricity from renewable energy sources 
for personal use and sells any excess back to the electricity supplier; Law on the Use of 
Renewable Energy Sources, 2024) are growing in number but remain concentrated in a few 
municipalities (Novi Sad, Zemun, Subotica, Leskovac, Šabac, Pančevo, Kladovo, and Vranje; 
Figure 6A), and their total installed capacity (26 MW, 3,182 prosumers; EDS, 2025b) 
represents only a fraction of the upper-bound technical potential. 
 

 
Figure 6. Current installed PV capacity of households (A) and non-household or non-residential 

communities prosumers (B) at the municipal level in Serbia (data as of February 20, 2025). 

The picture looks different in the commercial and industrial sectors. Although they 
number only 1,224, fewer than the household category, their collective capacity reaches 62.7 
MW, more than double when compared to households. Strikingly, this capacity is 
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concentrated: one-fifth of Serbian municipalities host above-average installations (>378.48 
kW), yet these account for nearly four fifths of the country’s non-household prosumer 
capacity. Such unevenness reveals both the scale of unrealized opportunity and the 
structural factors shaping deployment. 

A closer look at leading municipalities illustrates this point. In both Aranđelovac and 
Inđija, the installed capacities in each of them exceed 8 MW, driven by large-scale industrial 
actors. By installing rooftop photovoltaic systems on twelve production halls in Aranđelovac, 
the company “Peštan” has reduced its electricity consumption by 20% compared to 2018—
an amount equal to the yearly consumption of roughly 2,200 households (Peštan, n.d.). In 
the meantime, “Toyo Tire” has installed a 7.2 MW ground-mounted system in Inđija that 
provides 15% of the factory’s energy requirements (UNDP Serbia, 2023). 

Survey research by Nenković-Riznić et al. (2023) indicates that permitting processes are 
complex, upfront costs remain high, and many municipalities in Serbia lack sufficient 
information about solar potential. Additionally, these municipalities are not prepared to 
accommodate a large number of prosumers. At the same time, while young people 
generally have a positive attitude toward renewable energy sources, particularly solar 
energy, there appear to be some shortcomings in the practical application of solar energy 
(Association RES Serbia, 2025). 

On the other hand, good practices in financial support, followed by the transfer of 
knowledge in installing rooftop PV systems, have led to progress in less developed areas of 
Serbia, compared to more developed municipalities. In the villages of Temska and Dojkinci, 
situated in the foothills of the Stara Planina mountain range in southeastern Serbia, the first 
two cooperative solar power plants, each with a capacity of 5 kW, were installed on the roofs 
of community buildings as an example of such an initiative (Elektropionir, n.d.). Energy 
cooperative “Sunčani krovovi Šabac” (n.d.) successfully supported the first prosumer in 
obtaining their prosumer status through a complex procedure. In addition to cooperative PV 
power plants, the City of Pirot is proud of several projects aimed at promoting solar energy. 
These include PV installations on the public facilities: a 15 kW system on the Economic 
School building, a 30 kW system at the public enterprise Komunalac, a 150 kW system at the 
secondary waste separation plant within the regional landfill, and another 150 kW system at 
the Berilovac pumping station (eKapija, 2025). Moreover, several public and private solar 
projects are underway across the city, all pushing Pirot toward its goal of becoming Serbia's 
“City of Sun” (Spasić, 2023). 

Vranje has an impressive planning and analytical framework for harnessing solar energy. 
The Spatial Plan of the City of Vranje (JP Zavod za urbanizam Vranje, 2018) identifies 12 
potential sites for the construction of ground-mounted solar power plants. Additionally, a 
roof radiation assessment was conducted for the urban settlement of Vranje, estimating the 
total geographical potential at 49,173 MWh (Gradska uprava Vranje, 2022). The total 
installed capacity for the Municipality of Vranje is 525.04 kW for household prosumers 
(Figure 6A) and 572.16 kW for non-household or non-residential community prosumers 
(Figure 6B). Unfortunately, the lack of building footprint data in the Global ML Building 
Footprints dataset has prevented the assessment of rooftop PV technical potential for the 
administrative unit of Vranje. As a result, there was no comparison with the previously 
mentioned data regarding the current state of prosumers or other assessments conducted 
in the area.  
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4.1. Comparison with earlier assessments 
A comparison with earlier assessments demonstrates that the estimates obtained in this study 
are systematically higher than those previously reported for Serbia. Our building-level analysis, 
based on Microsoft’s machine-learning building footprints, identifies an upper-bound technical 
potential of 41.1 GW and 51.5 TWh per year from 205.6 km² of usable rooftop area. This 
corresponds to a yield intensity of around 250.5 GWh per km² annually, which is markedly 
higher than the intensities observed in other Serbian and some international benchmarks. 

More modest results were consistently reported for Serbia in previous studies. The study by 
Batić and Ivančić (2023), which focused exclusively on residential buildings and excluded the AP 
of Kosovo and Metohija, found 52 km² of usable roof space, accounting for PV potential of 6.9 
GW and 7.9 TWh per year, equivalent to 151.9 GWh per km². Doljak and Samardžija (2017), using 
regional statistical allocations, identified 91.7 km² of usable roofs with 14.4 TWh of generation, 
giving a yield intensity of 156.7 GWh per km². Similarly, the Spatial Plan of the Republic of Serbia 
2010–2020 (Stojkov, 2011) reported roughly 7 TWh of rooftop PV potential, reflecting the 
cautious assumptions typical of planning documents at that time. The estimates of Đurišić and 
Škrbić (2022), which rely on NUTS-3 proxies (NUTS 3; Uredba o nomenklaturi statističkih 
teritorijalnih jedinica, 109/2009, 46/2010) to derive approximately 600 km² of roof area and 
about 13.2 TWh of rooftop generation, also fall below our results because proxy-based methods 
tend to underestimate the contribution of large commercial and industrial buildings. Jacobson 
et al. (2017) found that the rooftop area suitable for PVs on residential, commercial, and 
government buildings in Serbia is 122 km², with a potential capacity of 29.3 GWp. 

Several methodological differences can explain the higher values reported in the present 
study. First, our analysis encompasses the entire building stock, residential, commercial, 
industrial, agricultural, institutional, and infrastructural. In contrast, earlier work was limited 
either to residential roofs or relied on generalized assumptions that downplayed the role of 
larger non-residential structures. Second, the use of high-resolution building footprints allows 
us to estimate roof area directly, avoiding the need for indirect proxies that have shown to 
underestimate available surface systematically. Third, by applying contemporary module 
efficiencies (200 W/m², equivalent to about 20 percent conversion efficiency) and a 
performance-ratio model calibrated to Serbian conditions, our assumptions better reflect 
current technological capabilities than those in earlier studies, which used lower power 
densities and more conservative derating factors. Finally, the Izquierdo et al. (2008) taxonomy 
of upper-bound technical potential was adopted in this study, which does not deduct for roof 
orientation, tilt, or shading, thereby positioning our estimate at the theoretical ceiling. 

To substantiate the robustness of estimates, this study contains an international 
comparison exercise that situates Serbia’s rooftop PV potential within a broader global context. 
Previous studies have reported widely differing outcomes depending on data sources, 
methodological resolution, and scope. Unlike studies that apply strict geometric suitability 
filters (e.g., shading, tilt, azimuth), such as Gagnon et al. (2016) for the United States or Bódis 
et al. (2019) for the EU, our analysis reports an upper-bound technical potential without 
exclusions for roof orientation or shading, focusing on the roofs and their parts that have 
most favorable conditions. As a result, the yield per unit area is higher. Other studies, such 
as McKenna et al. (2022) for Great Britain, produce lower intensities of 128 GWh/km²/yr due 
to their conservative treatment of roof suitability and efficiency assumptions. However, India 
produces between 182.5−365 GWh/km²/yr (Sethi et al., 2025), which is even more than our 
study. The global assessment of sites has an average of ~135 GWh/km²/yr (Joshi et al., 2021), 
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reflecting both averaging across diverse climates and more restrictive suitability criteria and 
other trade-offs. Gernaat et al. (2020), also on a world level, show a number of 230.6 
GWh/km²/yr, which is close to the number in our study as well (Table 1). 

By contrast, the Serbian results align with the upper theoretical ceiling of rooftop PV 
when efficiency parameters are maximized and roof suitability is not heavily constrained. 
Our estimate should be interpreted as an upper-bound technical potential that can be used 
for benchmarking each site and municipality rather than an easily deployable figure. 
 
Table 1. A summary of comparison 

State/Region Study 
Usable 
rooftop 

area (km²) 

Capacity 
(GWp) 

Generation 
(TWh/yr) 

Yield intensity 
(GWh/km²/yr) 

Serbia Present study 205.6 41.1 51.5 250.5 
Serbia Batić and Ivančić (2023) 52 6.9 7.9 151.9 
Serbia Doljak and Samardžija (2017) 91.7  14.4 156.7 
Serbia Jacobson et al. (2017) 122 29.3 n.a. n.a. 

Romania Bódis et al. (2019) 354 n.a. 35.9 101.3 
Croatia Bódis et al. (2019) 85 n.a. 7.8 91.4 

Switzerland Walch et al. (2020) 267 n.a. 24.58 n.a. 
Great Britain McKenna et al. (2022) 1,190 n.a. 153.0 128.6 

India Sethi et al. (2025)  n.a. n.a. 182.5–365 
California Gagnon et al. (2016) 526 77 114.0 216.9 

EU-28 Bódis et al. (2019) 7,935 n.a. 680.3 85.7 
United States Gagnon et al. (2016) 4,922 731 926.4 188.2 

Global Gernaat et al. (2020) 36,000 n.a. 8,300.0 230.6 
Global Joshi et al. (2021) 200,000 n.a. 27,000.0 135 

 
It is instructive to consider what Serbia’s potential would look like if our usable roof area 

(205.6 km²) were combined with the yield intensities from other studies. Using European 
intensity of 85.7 GWh per km² (Bódis et al., 2019), Serbia’s generation potential would drop 
to around 17.6 TWh, but it would still be higher than other Serbian studies. With the British 
value of 128.6 GWh per km², it would be about 26.4 TWh, and with the U.S. average national 
intensity of 188.2 GWh per km², its yield would about 38.7 TWh. If the Serbian values of Batić 
and Ivančić, (2023), who reported 151.9 GWh per km², were applied instead, our usable roof 
area would correspond to 31.2 TWh, while Doljak and Samardžija (2017) yield of 156.7 GWh 
per km² would imply 32.2 TWh. This exercise highlights that the higher numbers obtained in 
this study, compared to other Serbian studies, are also a consequence of the roof area. 

5. Conclusion 
This study provides the first building-level, municipal-scale assessment of the national rooftop 
PV potential in Serbia. Unlike previous studies, the assessment included all building types and 
parts of Serbia for which spatial data existed. The total area of rooftops suitable for PV 
installation in Serbia is estimated to be 205.6 km². This is sufficient space to accommodate PV 
systems, with total capacity of 41.11 GW and annual electricity production of 51.47 TWh, which 
exceeds current national electricity consumption by approximately 40%. Apart from outlining 
these important numbers, the analysis provides a solution to the main policy issues that Serbia 
is facing: the absence of geospatially explicit data, which is required to create the appropriate 
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incentives, support programs for prosumers, and modernize the distribution grid. The reasons 
for that lie in unclear policy and technical framework for solar energy development, as well as 
complex permitting and grid connection processes by the utilities. 

This study not only quantifies Serbia’s rooftop PV technical ceiling but also converts 
geospatial data into useful recommendations for decision-makers. Rooftop PV potential at 
the level of government closest to citizens was mapped and related it to prosumer 
dynamics, energy poverty reduction, and cooperative models. With this groundwork, Serbia 
can push its shift to renewables in a way that matches both EU climate goals and what local 
communities actually need. 

Before this study, PV potential in Serbia, and in each municipality, has been 
underestimated, with a clear consequence to energy policy. With more realistic spatially 
estimated potential (explained in the previous chapter), it is more obvious that renewable 
energy is abundant and affordable across Serbia. The advantages of potential being divided 
among municipalities leave room for a dedicated local energy policy to be independently 
created from the local toward the national level. This is a whole new paradigm shift from 
top-down declarative policy to the bottom-up development of regions that are more eager 
for energy transition. Current centralized energy policy is not reaching smaller investments 
and local energy authorities, but creates a long queue of projects waiting to get a 
connection permit from the national transmission and distribution system operators. 

This study explicitly addresses technical potential of rooftop PV through a performance-
ratio model that incorporates efficiency and system losses. However, aspects such as 
irradiance over tilted surfaces and spacing between modules to avoid self-shading could not 
be represented, as high-resolution 3D roof geometry and national digital surface models 
were not available. Incorporating a digital surface model into the methodology, could 
substantially reduce this uncertainty. For this reason, the estimates presented here should be 
interpreted as a technical ceiling, with actual yields likely lower once these geometric and 
shading factors are fully considered. 

Additional sources of uncertainty include incomplete building-footprint coverage in some 
southern municipalities, which makes the national total conservative, and the reliance on 
present-day crystalline silicon technology assumptions. While bifacial panels or tilt optimization 
could increase output, sub-optimal mounting and degradation would reduce it. Finally, the 
analysis does not incorporate grid hosting capacity, regulatory frameworks, or economic 
feasibility, which will ultimately determine how much of the technical ceiling can be realized in 
practice. Future extensions should integrate 3D building data, shading-aware irradiance 
models, and grid-constrained scenarios to refine estimates toward deployable potential. 

Acknowledgements 
The data that support the findings of this study are available from the corresponding author 
upon request. This research was funded by the Ministry of Science, Technological 
Development and Innovation of the Republic of Serbia, contract numbers 451-03-136/2025-
03/ 200172 and 451-03-136/2025-03/ 200175. 

References 
Aleksić, V., & Batas-Bjelić, I. (2021). Do We Need More Ambition for the Renewable Energy Transition in 

Serbia? Foundations of Energy Governance and Planning. Energija, ekonomija, ekologija, 23(3), 1–9. 
https://doi.org/10.46793/EEE21-3.01A 

https://doi.org/10.46793/EEE21-3.01A


Doljak, D., et al.: Geospatial Estimation of Rooftop Solar Photovoltaic . . . 
J. Geogr. Inst. Cvijic. 2026, 76(1), pp. 37–54 

 

 
50 

Alhmoud, L. (2023). Why does the PV solar power plant operate ineffectively?. Energies, 16(10), Article 4074. 
https://doi.org/10.3390/en16104074 

Ašonja, A. & Vuković, V. (2018). The Potentials of Solar Energy in the Republic of Serbia : Current 
Situation, Possibilities and Barriers. Applied Engineering Letters, 3(3), 90–97. https://doi.org/10.18485/ 
aeletters.2018.3.3.2 

Association RES Serbia. (2025). Raising Awareness on Climate Change and Green Transition in Serbia. 
https://oie.rs/wp-content/uploads/2025/02/Report-RES-Serbia.pdf 

Assouline, D., Mohajeri, N., & Scartezzini, J. L. (2017). Quantifying rooftop photovoltaic solar energy potential: A 
machine learning approach. Solar Energy, 141, 278–296. https://doi.org/10.1016/j.solener.2016.11.045 

Avramović, T., & Batas Bjelić, I. (2024). Ponovna upotreba PV panela, kao prilika za smanjenje energetskog 
siromaštva [Second life of PV panels as an opportunity for reduction of energy poverty]. In N. Rajaković 
(Ed.), Zbornik apstrakata: 39 Međunarodno savetovanje Energetika 2024 (p. 58). Savez energetičara. 
https://dais.sanu.ac.rs/123456789/17366 

Ban, M., Brajković, J. Buzarovski, S., Lončarević, Š., Maras, J., Robić, S., Stupin, K., Šantalab, D., Toš, A., & 
Zidar, M. (2021). Study on Addressing Energy Poverty in the Energy Community Contracting Parties. 
DOOR; EIHP; Energy Community. https://www.energy-community.org/dam/jcr:f201fefd-3281-4a1f-
94f9-23c3fce4bbf0/DOOREIHP_poverty_122021.pdf 

Baruch-Mordo, S., Kiesecker, J. M., Kennedy, C. M., Oakleaf, J. R., & Opperman, J. J. (2019). From Paris to 
practice: sustainable implementation of renewable energy goals. Environmental Research Letters, 
14(2), Article 024013. https://doi.org/10.1088/1748-9326/aaf6e0 

Batas Bjelic, I., & Ciric, R. M. (2014). Optimal distributed generation planning at a local level–A review of 
Serbian renewable energy development. Renewable and Sustainable Energy Reviews, 39, 79–86. 
https://doi.org/10.1016/j.rser.2014.07.088 

Batas-Bjelic, I., Rajakovic, N., & Duic, N. (2017). Smart municipal energy grid within electricity market. 
Energy, 137, 1277–1285. https://doi.org/10.1016/j.energy.2017.06.177 

Batas Bjelić, I. (March 23, 2024). Energetika Srbije - godinama na pogrešnom putu [Energy of Serbia - for 
years on the wrong path]. Novi magazin, 673, 62. https://dais.sanu.ac.rs/handle/123456789/16567 

Batas Bjelić, I., & Đukić, P. (2018). The mitigation of the economic impacts from the fuel price shocks: 
Serbian case. In M. Komatina, D. Nonić, & B. Jovančićević (Eds.), HUMBOLDT-KOLLEG 2018: Sustainable 
Development and Climate Change: Connecting Research, Education, Policy and Practice: Book of 
abstracts (p. 58). Humboldt-Club Serbia; University, Faculty of Forestry. https://www.humboldt-
serbia.ac.rs/kolleg2018/pics/Humbolt-2018.pdf 

Batić, I., & Ivančić, A. (2023). Analiza kapaciteta za izgradnju fotonaponskih sistema na krovovima 
stambenih zgrada u Srbiji [Analysis of Capacity for the Construction of Photovoltaic Systems on 
Residential Building Roofs in Serbia]. Energija, ekonomija, ekologija, 25(3), 9–16. 
https://doi.org/10.46793/EEE23-3.09B 

Bergamasco, L., & Asinari, P. (2011). Scalable methodology for the photovoltaic solar energy potential 
assessment based on available roof surface area: Application to Piedmont Region (Italy). Solar Energy, 
85(5), 1041–1055. https://doi.org/10.1016/j.solener.2011.02.022 

Bódis, K., Kougias, I., Jäger-Waldau, A., Taylor, N., & Szabó, S. (2019). A high-resolution geospatial 
assessment of the rooftop solar photovoltaic potential in the European Union. Renewable and 
Sustainable Energy Reviews, 114, Article 109309. https://doi.org/10.1016/j.rser.2019.109309 

Brankov, B., Stanojević, A., Nenković-Riznić, M., & Pucar, M. (2020). The possibilities for implementation of 
photovoltaic solar panels in multi-family housing areas. In Z. Stević (Ed.), Proceedings of 8th 
International Conference on Renewable Electrical Power Sources (pp. 167–175). Savez mašinskih i 
elektrotehničkih inženjera i tehničara Srbije (SMEITS). 

Brito, M. C., Gomes, N., Santos, T., & Tenedório, J. A. (2012). Photovoltaic potential in a Lisbon suburb using 
LiDAR data. Solar Energy, 86(1), 283–288. https://doi.org/10.1016/j.solener.2011.09.031 

Croon, T. M., Hoekstra, J. S. C. M., & Dubois, U. (2024). Energy poverty alleviation by social housing 
providers: A qualitative investigation of targeted interventions in France, England, and the Netherlands. 
Energy Policy, 192, Article 114247. https://doi.org/10.1016/j.enpol.2024.114247 

https://doi.org/10.3390/en16104074
https://doi.org/10.18485/aeletters.2018.3.3.2
https://doi.org/10.18485/aeletters.2018.3.3.2
https://doi.org/10.1016/j.solener.2016.11.045
https://dais.sanu.ac.rs/123456789/17366
https://www.energy-community.org/dam/jcr:f201fefd-3281-4a1f-94f9-23c3fce4bbf0/DOOREIHP_poverty_122021.pdf
https://www.energy-community.org/dam/jcr:f201fefd-3281-4a1f-94f9-23c3fce4bbf0/DOOREIHP_poverty_122021.pdf
https://doi.org/10.1088/1748-9326/aaf6e0
https://doi.org/10.1016/j.rser.2014.07.088
https://doi.org/10.1016/j.energy.2017.06.177
https://dais.sanu.ac.rs/handle/123456789/16567
https://www.humboldt-serbia.ac.rs/kolleg2018/pics/Humbolt-2018.pdf
https://www.humboldt-serbia.ac.rs/kolleg2018/pics/Humbolt-2018.pdf
https://doi.org/10.46793/EEE23-3.09B
https://doi.org/10.1016/j.solener.2011.02.022
https://doi.org/10.1016/j.rser.2019.109309
https://doi.org/10.1016/j.solener.2011.09.031
https://doi.org/10.1016/j.enpol.2024.114247


Doljak, D., et al.: Geospatial Estimation of Rooftop Solar Photovoltaic . . . 
J. Geogr. Inst. Cvijic. 2026, 76(1), pp. 37–54 

 

 
51 

Denholm, P., Drury, E., Margolis, R., Mehos, M., & Sioshansi, F. P. (2010). Solar Energy: The Largest Energy 
Resource. In F. P. Sioshansi (Ed.), Generating Electricity in a Carbon-Constrained World (pp. 271–302). 
https://doi.org/10.1016/B978-1-85617-655-2.00010-9 

Dodig, A., & Djapic, V. (2023, March). Digital solution to estimate solar power potential of rooftops in City of 
Belgrade. In M. Trajnovic, N. Filipovic, & M. Zdravkovic (Eds.), Disruptive Information Technologies for a 
Smart Society (pp. 362–374). Springer Nature Switzerland. https://doi.org/10.1007/978-3-031-50755-7_34 

Doljak, D., & Samardzija, D. (2016). The potential of massive PV installation in Serbia. In V. Martínez & J. 
González (Eds.), Proceedings of the ISES EuroSun 2016 Conference (pp. 1656-1663). International Solar 
Energy Society. https://proceedings.ises.org/conference/eurosun2016/EuroSun2016-Proceedings.pdf 

Đurišić, Ž., & Škrbić, B. (2022). Potencijal energije sunca i vetra za strateško planiranјe dekarbonizacije 
proizvodnјe električne energije u Srbiji [Solar and Wind Energy Potential for Strategic Planning of 
Decarbonisation of Electricity Production in Serbia]. Energija, ekonomija, ekologija, 24(4), 1–11. 
https://doi.org/10.46793/EEE22-4.01D 

eKapija. (2022, Jun 23). Sa krovova možemo da dobijemo 6 GW - Ekspanzija interesovanja za solarne 
elektrane u Srbiji [We can get 6 GW from rooftops - Expansion of interest in solar power plants in 
Serbia]. eKapija. https://www.ekapija.com/news/3743893/sa-krovova-mozemo-da-dobijemo-6-gw-
ekspanzija-interesovanja-za-solarne-elektrane 

eKapija. (2025, January 27). Pirot novim softverskim rešenjem povezuje solarne elektrane na teritoriji grada [Pirot 
uses a new software solution to connect solar power plants in the city]. eKapija https://www.ekapija.com/ 
news/5042946/pirot-novim-softverskim-resenjem-povezuje-solarne-elektrane-na-teritoriji-grada 

Elektrodistribucija Srbije. (2023). Zakon o korišćenju obnovljivih izovra energije ("Službeni glasnik RS" broj 40 
od 22. aprila 2021., 35 od 29. aprila 2023.): Spisak svih podnetih zahteva u postupku priključenja [Law on 
the use of renewable energy sources ("Official Gazette of RS" No. 40 of April 22, 2021, 35 of April 29, 
2023): List of all submitted requests in the accession procedure]. https://elektrodistribucija.rs/usluge/ 
postupak-prikljucenja-na-dsee/postupak-sticanja-statusa-kupca-proizvodjaca/dokumenta/spisak% 
20podnetih%20zahteva%20u%20postupku%20prikljucenja%20OIE%2031.07.pdf 

Elektrodistribucija Srbije. (2025a). Registar priključenih elektrana koje koriste obnovljive izvore energije 
(Datum poslednjeg ažuriranja: 15. 01. 2025) [Register of connected power plants that use renewable 
energy sources (Last updated date: January 15, 2025)]. https://elektrodistribucija.rs/pdf/ELEKTRANE.pdf 

Elektrodistribucija Srbije. (2025b). Registar kupaca - proizvođača: Кupac-proizvođač koji je domaćinstvo (Datum 
poslednjeg ažuriranja: 20. 2. 2025.) [Prosumer Registry: Households (Last updated date: February 20, 
2025)]. Retrieved February 25, 2025, from https://elektrodistribucija.rs/pdf/DOMACINSTVA.pdf 

Elektrodistribucija Srbije. (2025c). Registar kupaca - proizvođača: Кupac-proizvođač koji je stambena zajednica 
(Datum poslednjeg ažuriranja: 05. 02. 2025.) [Prosumer Registry: Residential communities (Last 
updated date: February 5, 2025)]. Retrieved February 25, 2025, from https://elektrodistribucija.rs/pdf/ 
DOMACINSTVA.pdf 

Elektrodistribucija Srbije. (2025d). Registar kupaca - proizvođača: Кupac-proizvođač koji nije domaćinstvo ili 
stambena zajednica (Datum poslednjeg ažuriranja: 14. 2. 2025) [Prosumer Registry: Prosumer who is 
not a household or residential communities (Last updated date: February 14, 2025)]. Retrieved February 
25, 2025, from https://elektrodistribucija.rs/pdf/DOMACINSTVA.pdf 

Elektropionir. (n.d.). Elektrane Solarna Stara [Solarna Stara power plants]. https://elektropionir.rs/elektrane-
solarna-stara/ 

Elektroprivreda Srbije. (2015–2024). Izveštaji [Reports; Dataset]. https://www.eps.rs/lat/snabdevanje/ 
Stranice/izvestaji-oie.aspx 

European Parliament, Council of the European Union. (2023). Directive (EU) 2023/2413 of the European 
Parliament and of the Council of 18 October 2023 amending Directive (EU) 2018/2001, Regulation 
(EU) 2018/1999 and Directive 98/70/EC as regards the promotion of energy from renewable sources, 
and repealing Council Directive (EU) 2015/652. http://data.europa.eu/eli/dir/2023/2413/oj 

Gagnon, P., Margolis, R., Melius, J., Phillips, C., & Elmore, R. (2016). Rooftop Solar Photovoltaic Technical 
Potential in the United States: A Detailed Assessment (No. NREL/TP-6A20-65298). National Renewable 
Energy Laboratory. https://doi.org/10.2172/1236153 

https://doi.org/10.1016/B978-1-85617-655-2.00010-9
https://doi.org/10.1007/978-3-031-50755-7_34
https://proceedings.ises.org/conference/eurosun2016/EuroSun2016-Proceedings.pdf
https://doi.org/10.46793/EEE22-4.01D
https://www.ekapija.com/news/3743893/sa-krovova-mozemo-da-dobijemo-6-gw-ekspanzija-interesovanja-za-solarne-elektrane
https://www.ekapija.com/news/3743893/sa-krovova-mozemo-da-dobijemo-6-gw-ekspanzija-interesovanja-za-solarne-elektrane
https://www.ekapija.com/news/5042946/pirot-novim-softverskim-resenjem-povezuje-solarne-elektrane-na-teritoriji-grada
https://www.ekapija.com/news/5042946/pirot-novim-softverskim-resenjem-povezuje-solarne-elektrane-na-teritoriji-grada
https://elektrodistribucija.rs/usluge/postupak-prikljucenja-na-dsee/postupak-sticanja-statusa-kupca-proizvodjaca/dokumenta/spisak%20podnetih%20zahteva%20u%20postupku%20prikljucenja%20OIE%2031.07.pdf
https://elektrodistribucija.rs/usluge/postupak-prikljucenja-na-dsee/postupak-sticanja-statusa-kupca-proizvodjaca/dokumenta/spisak%20podnetih%20zahteva%20u%20postupku%20prikljucenja%20OIE%2031.07.pdf
https://elektrodistribucija.rs/usluge/postupak-prikljucenja-na-dsee/postupak-sticanja-statusa-kupca-proizvodjaca/dokumenta/spisak%20podnetih%20zahteva%20u%20postupku%20prikljucenja%20OIE%2031.07.pdf
https://elektrodistribucija.rs/pdf/ELEKTRANE.pdf
https://elektrodistribucija.rs/pdf/DOMACINSTVA.pdf
https://elektrodistribucija.rs/pdf/DOMACINSTVA.pdf
https://elektrodistribucija.rs/pdf/DOMACINSTVA.pdf
https://elektrodistribucija.rs/pdf/DOMACINSTVA.pdf
https://elektropionir.rs/elektrane-solarna-stara/
https://elektropionir.rs/elektrane-solarna-stara/
https://www.eps.rs/lat/snabdevanje/Stranice/izvestaji-oie.aspx
https://www.eps.rs/lat/snabdevanje/Stranice/izvestaji-oie.aspx
http://data.europa.eu/eli/dir/2023/2413/oj
https://doi.org/10.2172/1236153


Doljak, D., et al.: Geospatial Estimation of Rooftop Solar Photovoltaic . . . 
J. Geogr. Inst. Cvijic. 2026, 76(1), pp. 37–54 

 

 
52 

Gernaat, D. E., de Boer, H. S., Dammeier, L. C., & van Vuuren, D. P. (2020). The role of residential rooftop 
photovoltaic in long-term energy and climate scenarios. Applied Energy, 279, Article 115705. 
https://doi.org/10.1016/j.apenergy.2020.115705 

Gómez-Exposito, A., Arcos-Vargas, A., & Gutierrez-Garcia, F. (2020). On the potential contribution of 
rooftop PV to a sustainable electricity mix: The case of Spain. Renewable and Sustainable Energy 
Reviews, 132, Article 110074. https://doi.org/10.1016/j.rser.2020.110074 

Gómez-Navarro, T., Brazzini, T., Alfonso-Solar, D., & Vargas-Salgado, C. (2021). Analysis of the potential for 
PV rooftop prosumer production: Technical, economic and environmental assessment for the city of 
Valencia (Spain). Renewable Energy, 174, 372–381. https://doi.org/10.1016/j.renene.2021.04.049 

Google. (n.d.). Google Earth Engine [Computing Platform]. https://earthengine.google.com/platform/ 
Gorelick, N., Hancher, M., Dixon, M., Ilyushchenko, S., Thau, D., & Moore, R. (2017). Google Earth Engine: 

Planetary-scale geospatial analysis for everyone. Remote Sensing of Environment, 202, 18–27. 
https://doi.org/10.1016/j.rse.2017.06.031 

Government of the Republic of Serbia, Minister of Mining and Energy. (2025). Integrated National 
Energy and Climate Plan of the Republic of Serbia for the period up to 2030 with a vision to 2050. 
https://www.mre.gov.rs/extfile/sr/8694/ADOPTED%20NECP.pdf 

Gradska uprava Vranje. (2022). Solarni potencijal grada Vranja [Solar potential of the city of Vranje; Data 
set]. https://data.gov.rs/sr/datasets/solarni-potentsijal-grada-vranja/ 

Hofierka, J., & Kaňuk, J. (2009). Assessment of photovoltaic potential in urban areas using open-source 
solar radiation tools. Renewable Energy, 34(10), 2206–2214. https://doi.org/10.1016/j.renene.2009.02.021 

Institute for Multidisciplinary Research. (2004). Studija energetsкog potencijala Srbije za кorišćenje 
sunčevog zračenja i energije vetra [Study of the Energy Potential of Serbia for the Use of Solar and 
Wind Energy] (NPEE, Registration Number EE704-1052A). Retrieved March 31, 2025 from 
http://vetar-sunce.imsi.rs/tekstovi/Studija_EE704-1052A/index.php 

International Renewable Energy Agency. (2024). Renewable energy statistics 2024. https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2024/Jul/IRENA_Renewable_Energy_Statistics_2024.pdf 

Izquierdo, S., Rodrigues, M., & Fueyo, N. (2008). A method for estimating the geographical distribution 
of the available roof surface area for large-scale photovoltaic energy-potential evaluations. Solar 
Energy, 82(10), 929–939. https://doi.org/10.1016/j.solener.2008.03.007 

Jacobson, M. Z., Delucchi, M. A., Bauer, Z. A., Goodman, S. C., Chapman, W. E., Cameron, M. A., Bozonnat, 
C., Chobadi, L., Clonts, H. A., Enevoldsen, P., Erwin, J. R., Fobi, S. N., Goldstrom, O. K., Hennessy, E. M., 
Liu, J., Lo, J., Meyer, C. B., Morris, S. B., Moy, K. R., . . . Yachanin, A. S. (2017). 100% Clean and Renewable 
Wind, Water, and Sunlight All-Sector Energy Roadmaps for 139 countries of the world [Supplemental 
Information]. Joule, 1(1), 108–121. https://doi.org/10.1016/j.joule.2017.07.005 

Joshi, S., Mittal, S., Holloway, P., Shukla, P. R., Ó Gallachóir, B., & Glynn, J. (2021). High resolution global 
spatiotemporal assessment of rooftop solar photovoltaics potential for renewable electricity 
generation. Nature Communications, 12(1), Article 5738. https://doi.org/10.1038/s41467-021-25720-2 

JP Zavod za urbanizam Vranje. (2018). Prostorni plan Grada Vranja [Spatial Plan of the City of Vranje]. 
https://www.urbanizamvr.rs/images/mojPDF/Prostorni_plan_grada_Vranja.pdf 

Law on the Use of Renewable Energy Sources, Official Gazette of the Republic of Serbia, No. 40/2021-23, 
35/2023-79, 94/2024-204 (other law) (2024). https://pravno-informacioni-sistem.rs/eli/rep/sgrs/skupstina/ 
zakon/2021/40/2/20241206 

Li, Q., Krapf, S., Mou, L., Shi, Y., & Zhu, X. X. (2024). Deep learning-based framework for city-scale rooftop 
solar potential estimation by considering roof superstructures. Applied Energy, 374, Article 123839. 
https://doi.org/10.1016/j.apenergy.2024.123839 

Long, Y., Xu, X., & Huo, Z. (2025). Urban rooftop photovoltaic potential model: A study on assessment 
methods and model framework. Energy and Buildings, 345, Article 116138. https://doi.org/10.1016/ 
j.enbuild.2025.116138 

Mainzer, K., Fath, K., McKenna, R., Stengel, J., Fichtner, W., & Schultmann, F. (2014). A high-resolution 
determination of the technical potential for residential-roof-mounted photovoltaic systems in 
Germany. Solar Energy, 105, 715–731. https://doi.org/10.1016/j.solener.2014.04.015 

https://doi.org/10.1016/j.apenergy.2020.115705
https://doi.org/10.1016/j.rser.2020.110074
https://doi.org/10.1016/j.renene.2021.04.049
https://earthengine.google.com/platform/
https://doi.org/10.1016/j.rse.2017.06.031
https://www.mre.gov.rs/extfile/sr/8694/ADOPTED%20NECP.pdf
https://data.gov.rs/sr/datasets/solarni-potentsijal-grada-vranja/
https://doi.org/10.1016/j.renene.2009.02.021
http://vetar-sunce.imsi.rs/tekstovi/Studija_EE704-1052A/index.php
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Jul/IRENA_Renewable_Energy_Statistics_2024.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Jul/IRENA_Renewable_Energy_Statistics_2024.pdf
https://doi.org/10.1016/j.solener.2008.03.007
https://doi.org/10.1016/j.joule.2017.07.005
https://doi.org/10.1038/s41467-021-25720-2
https://www.urbanizamvr.rs/images/mojPDF/Prostorni_plan_grada_Vranja.pdf
https://pravno-informacioni-sistem.rs/eli/rep/sgrs/skupstina/zakon/2021/40/2/20241206
https://pravno-informacioni-sistem.rs/eli/rep/sgrs/skupstina/zakon/2021/40/2/20241206
https://doi.org/10.1016/j.apenergy.2024.123839
https://doi.org/10.1016/j.enbuild.2025.116138
https://doi.org/10.1016/j.enbuild.2025.116138
https://doi.org/10.1016/j.solener.2014.04.015


Doljak, D., et al.: Geospatial Estimation of Rooftop Solar Photovoltaic . . . 
J. Geogr. Inst. Cvijic. 2026, 76(1), pp. 37–54 

 

 
53 

McKenna, R., Mulalic, I., Soutar, I., Weinand, J. M., Price, J., Petrović, S., & Mainzer, K. (2022). Exploring trade-
offs between landscape impact, land use and resource quality for onshore variable renewable energy: 
an application to Great Britain. Energy, 250, Article 123754. https://doi.org/10.1016/j.energy.2022.123754 

Microsoft. (2022). Global ML Building Footprints [Dataset]. https://gee-community-catalog.org/projects/ 
msbuildings/ 

Milovanović, B., Radovanović, M., Stanojević, G., Pecelj, M., & Nikolić, J. (2017). Klima Srbije [Climate  of  
Serbia]. In M. Radovanović (Ed.), Geografija Srbije (Posebna izdanja, Knjiga 91) [Geography of Serbia 
(Special issues, Book 91)] (pp. 94–156). Geografski institut „Jovan Cvijić“ SANU 

Milovanović, B., Takara, K., Radovanović, M., Milivojević, M., & Jovanović, J. M. (2023). Frequency Analysis 
of Absolute Maximum Air Temperatures in Serbia. Journal of the Geographical Institute “Jovan Cvijić” 
SASA, 73(3), 279–293. https://doi.org/10.2298/IJGI2303279M 

Molnár, G., Cabeza, L. F., Chatterjee, S., & Ürge-Vorsatz, D. (2024). Modelling the building-related 
photovoltaic power production potential in the light of the EU's Solar Rooftop Initiative. Applied Energy, 
360, Article 122708. https://doi.org/10.1016/j.apenergy.2024.122708 

Molnár, G., Ürge-Vorsatz, D., & Chatterjee, S. (2022). Estimating the global technical potential of building-
integrated solar energy production using a high-resolution geospatial model. Journal of Cleaner 
Production, 375, Article 134133. https://doi.org/10.1016/j.jclepro.2022.134133 

Nenković-Riznić, M., Brankov, B., Pucar, M., & Stanojević, A. (2023). The Role of the Buyer-Producer 
(Prosumer) in the Implementation of RES in Serbia: Obstacles and Opportunities. In M. Vlahović 
(Ed.), Proceedings of 11th International Conference on Renewable Electrical Power Sources (pp. 147–
157). SMEITS. https://hdl.handle.net/21.15107/rcub_raumplan_896 

Peštan. (n.d.). Gradimo svet jačajući ga za buduća pokolenja [We build the world by strengthening it for 
future generations]. https://pestan.net/sr/drustveno-odgovorno-poslovanje/ 

Protić, D., Kilibarda, M., Nenkovic-Riznic, M., & Nestorov, I. (2017). Three-dimensional urban solar 
potential maps: Case study of the i-Scope Project. Thermal Science, 22(1 Part B), 663–673. 
https://doi.org/10.2298/tsci170715213p 

Pucar, M., & Nenković Riznić, M. (2009). Strategija prostornog razvoja Republike Srbije: Studijsko-analitička 
osnova. Tematska sveska: Prostorni i ekološki aspekti korišćenja obnovljivih izvora energije [Spatial 
development strategy of the Republic of Serbia: Study and analytical basis. Thematic notebook: Spatial 
and ecological aspects of the use of renewable energy sources]. Institut za arhitekturu i urbanizam Srbije. 

QGIS (Version 3.16.) [Computer software]. (2020). https://qgis.org/ 
Republic Geodetic Authority. (n.d.). GeoSrbija otvoreni podaci [GeoSrbija open data; Dataset]. 

https://opendata.geosrbija.rs/loginopendata 
RES Foundation. (2021). Sve što ste hteli da znate o energetskom siromaštvu u Srbiji 2021 [All you wanted to 

know about energy poverty in Serbia in 2021]. https://www.resfoundation.org/wp-content/uploads/ 
2021/09/Sve-sto-ste-hteli-da-znate-o-energetskom-siromastvu-u-Srbiji.pdf 

Smil, V. (2015). Power Density: A Key to Understanding Energy Sources and Uses. The MIT Press. https://doi.org/ 
10.7551/mitpress/10046.001.0001 

Solargis. (2024). Global Solar Atlas (Version 2.11) [Dataset]. https://globalsolaratlas.info/download 
Spasić, V. (2024, November 20). Solar u Srbiji dostigao 166 MW, cifre se menjaju na dnevnom nivou [Serbia’s 

solar capacity at 166 MW and rising]. Balkan Green Energy News https://balkangreenenergynews.com/ 
serbias-solar-capacity-at-166-mw-and-rising/ 

Spasić, V. (2023, Jun 12). Pirot grabi ka tituli grad sunca u Srbiji [Pirot on track to become Serbia’s “city of 
sun”]. Balkan Green Energy News. https://balkangreenenergynews.com/rs/pirot-grabi-ka-tituli-grad-
sunca-u-srbiji/https://balkangreenenergynews.com/rs/pirot-grabi-ka-tituli-grad-sunca-u-srbiji/ 

Stanojević, G., Malinović-Milićević, S., Brđanin, E., Milanović, M., Radovanović, M. M., & Popović, T. (2024). 
Impact of Domestic Heating on Air Pollution—Extreme Pollution Events in Serbia. Sustainability, 16(18), 
Article 7920. https://doi.org/10.3390/su16187920 

Stanojević, G. B., Miljanović, D. N., Doljak, D. Lj., Ćurčić, N. B., Radovanović, M. M., Malinović-Milićević, S. 
B., & Hauriak, O. (2019). Spatio-Temporal Varilability of Annual PM2.5 Concentrations and Population 
Exposure Assessment in Serbia for the Period 2011–2016. Journal of the Geographical Institute “Jovan 
Cvijić” SASA, 69(3), 197–211. https://doi.org/10.2298/IJGI1903197S 

https://doi.org/10.1016/j.energy.2022.123754
https://gee-community-catalog.org/projects/msbuildings/
https://gee-community-catalog.org/projects/msbuildings/
https://doi.org/10.2298/IJGI2303279M
https://doi.org/10.1016/j.apenergy.2024.122708
https://doi.org/10.1016/j.jclepro.2022.134133
https://hdl.handle.net/21.15107/rcub_raumplan_896
https://pestan.net/sr/drustveno-odgovorno-poslovanje/
https://qgis.org/
https://opendata.geosrbija.rs/loginopendata
https://www.resfoundation.org/wp-content/uploads/2021/09/Sve-sto-ste-hteli-da-znate-o-energetskom-siromastvu-u-Srbiji.pdf
https://www.resfoundation.org/wp-content/uploads/2021/09/Sve-sto-ste-hteli-da-znate-o-energetskom-siromastvu-u-Srbiji.pdf
https://doi.org/10.7551/mitpress/10046.001.0001
https://doi.org/10.7551/mitpress/10046.001.0001
https://globalsolaratlas.info/download
https://balkangreenenergynews.com/serbias-solar-capacity-at-166-mw-and-rising/
https://balkangreenenergynews.com/serbias-solar-capacity-at-166-mw-and-rising/
https://balkangreenenergynews.com/rs/pirot-grabi-ka-tituli-grad-sunca-u-srbiji/https:/balkangreenenergynews.com/rs/pirot-grabi-ka-tituli-grad-sunca-u-srbiji/
https://balkangreenenergynews.com/rs/pirot-grabi-ka-tituli-grad-sunca-u-srbiji/https:/balkangreenenergynews.com/rs/pirot-grabi-ka-tituli-grad-sunca-u-srbiji/
https://doi.org/10.3390/su16187920


Doljak, D., et al.: Geospatial Estimation of Rooftop Solar Photovoltaic . . . 
J. Geogr. Inst. Cvijic. 2026, 76(1), pp. 37–54 

 

 
54 

Statistical Office of the Republic of Serbia. (2023). 2022 Census of Population, Households and Dwellings. 
https://stat.gov.rs/sr-latn/publikacije/publication/?p=15764&tip=4 

Statistical Office of the Republic of Serbia. (2024a). Statistical Yearbook оf the Republic of Serbia, 2024. 
https://publikacije.stat.gov.rs/G2024/Pdf/G20242057.pdf 

Statistical Office of the Republic of Serbia. (2024b). 2022 Census of Population, Households and Dwellings. 
https://publikacije.stat.gov.rs/G2024/Pdf/G20244002.pdf 

Statistical Office of the Republic of Serbia. (2024c). Poverty and Social Inequality, 2023 (Statistical Release). 
https://www.stat.gov.rs/en-US/vesti/statisticalrelease/?p=15328 

Statistical Office of the Republic of Serbia. (2024d). Household Budget Survey, 2023. https://publikacije.stat.gov.rs/ 
G2024/Pdf/G20245710.pdf 

Statistical Office of the Republic of Serbia. (2025). Bulletin – Energy balances, 2023. https://www.stat.gov.rs/sr-
latn/publikacije/publication/?p=17175&tip=5 

Stojkov, B. (2011). Prostorni plan Republike Srbije : 2010–2020 [Spatial Plan of the Republic of Serbia : 2010–
2020]. Republička agencija za prostorno planiranje. 

Sunčani krovovi Šabac. (n.d.). https://www.suncanikrovovi.rs/ 
Srećković, N., Lukač, N., Žalik, B., & Štumberger, G. (2016). Determining roof surfaces suitable for the 

installation of PV (photovoltaic) systems, based on LiDAR (Light Detection And Ranging) data, 
pyranometer measurements, and distribution network configuration. Energy, 96, 404–414. 
https://doi.org/10.1016/j.energy.2015.12.078 

UNDP Serbia. (2023, February 24). Solarna elektrana u okviru fabrike Toyo Tire Srbija [Solar power plant 
within the Toyo Tire Serbia factory]. https://www.youtube.com/watch?v=xLX2pfoOOyo 

United Nations. (1999). Resolution 1244 (1999). https://unmik.unmissions.org/sites/default/files/old_dnn/ 
Res1244ENG.pdf 

Uredba o nomenklaturi statističkih teritorijalnih jedinica [Regulation on the Nomenclature of Statistical 
Territorial Units]. Službeni glasnik Republike Srbije, br. 109 (2009); 46 (2010). 

Vuksanović-Macura, Z. (2021). Analiza održivih modela za obezbeđivanje pristupa čistoj pijaćoj vodi, 
kanalizaciji i električnoj energiji stanovnicima i stanovnicama podstandardnih romskih naselja u 
Republici Srbiji [Analysis of sustainable models for providing access to clean drinking water, sewage 
and electricity to residents of substandard Roma settlements in the Republic of Serbia]. 
https://socijalnoukljucivanje.gov.rs/wp-content/uploads/2021/12/Analiza_odrzivih_modela_za_ 
obezbedjivanje_pristupa_cistoj_pijacoj_vodi_kanalizaciji_i_elektricnoj_energiji_stanovnicima_podstan
dardnih_romskih_naselja.pdf 

Walch, A., Castello, R., Mohajeri, N., & Scartezzini, J. L. (2020). Big data mining for the estimation of 
hourly rooftop photovoltaic potential and its uncertainty. Applied Energy, 262, Aticle 114404. 
https://doi.org/10.1016/j.apenergy.2019.114404 

Winkler, C., Dabrock, K., Kapustyan, S., Hart, C., Heinrichs, H., Weinand, J. M., Linßen, J., & Stolten, D. (2025). 
High-Resolution rooftop photovoltaic potential assessment for a resilient energy system in Ukraine. 
Energy Conversion and Management: X, 28, Article 101242. https://doi.org/10.1016/j.ecmx.2025.101242 

Wu, G. C., Deshmukh, R., Ndhlukula, K., Radojicic, T., Reilly-Moman, J., Phadke, A., Kammen, D. M., & 
Callaway, D. S. (2017). Strategic siting and regional grid interconnections key to low-carbon futures 
in African countries. Proceedings of the National Academy of Sciences, 114(15), E3004–E3012. 
https://doi.org/10.1073/pnas.1611845114 

Yeligeti, M., Hu, W., Scholz, Y., Stegen, R., & von Krbek, K. (2023). Cropland and rooftops: the global 
undertapped potential for solar photovoltaics. Environmental Research Letters, 18(5), Article 054027. 
https://doi.org/10.1088/1748-9326/accc47 

Zhang, Z., Qian, Z., Chen, M., Zhu, R., Zhang, F., Zhong, T., Lin, J., Ning, L., Xie, W., Creutzig, F., Tang, W., Liu, 
L., Yang, J., Pu, Y., Cai, W., Pu, Y., Liu, D., Yang, H., Su, H., … Yan, J. (2025). Worldwide rooftop 
photovoltaic electricity generation may mitigate global warming. Nature Climate Change, 1–10. 
https://doi.org/10.1038/s41558-025-02276-3 

https://stat.gov.rs/sr-latn/publikacije/publication/?p=15764&tip=4
https://publikacije.stat.gov.rs/G2024/Pdf/G20242057.pdf
https://publikacije.stat.gov.rs/G2024/Pdf/G20244002.pdf
https://www.stat.gov.rs/en-US/vesti/statisticalrelease/?p=15328
https://publikacije.stat.gov.rs/G2024/Pdf/G20245710.pdf
https://publikacije.stat.gov.rs/G2024/Pdf/G20245710.pdf
https://www.stat.gov.rs/sr-latn/publikacije/publication/?p=17175&tip=5
https://www.stat.gov.rs/sr-latn/publikacije/publication/?p=17175&tip=5
https://www.suncanikrovovi.rs/
https://doi.org/10.1016/j.energy.2015.12.078
https://www.youtube.com/watch?v=xLX2pfoOOyo
https://socijalnoukljucivanje.gov.rs/wp-content/uploads/2021/12/Analiza_odrzivih_modela_za_obezbedjivanje_pristupa_cistoj_pijacoj_vodi_kanalizaciji_i_elektricnoj_energiji_stanovnicima_podstandardnih_romskih_naselja.pdf
https://socijalnoukljucivanje.gov.rs/wp-content/uploads/2021/12/Analiza_odrzivih_modela_za_obezbedjivanje_pristupa_cistoj_pijacoj_vodi_kanalizaciji_i_elektricnoj_energiji_stanovnicima_podstandardnih_romskih_naselja.pdf
https://socijalnoukljucivanje.gov.rs/wp-content/uploads/2021/12/Analiza_odrzivih_modela_za_obezbedjivanje_pristupa_cistoj_pijacoj_vodi_kanalizaciji_i_elektricnoj_energiji_stanovnicima_podstandardnih_romskih_naselja.pdf
https://doi.org/10.1016/j.apenergy.2019.114404
https://doi.org/10.1088/1748-9326/accc47
https://doi.org/10.1038/s41558-025-02276-3

	GEOSPATIAL ESTIMATION OF ROOFTOP SOLAR PHOTOVOLTAIC TECHNICAL POTENTIAL IN SERBIA
	1. Introduction
	2. Study area
	3. Data and methodology
	4. Results and discussion
	4.1. Comparison with earlier assessments

	5. Conclusion


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [481.890 680.315]

>> setpagedevice



