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SUMMARY 

 
 

The research presents an application of combining Boolean analysis and AHP integrated with GIS for 

site selection of solar plants in Ivano-Frankivsk region, Ukraine. Environmental, technical and 

economic factors were considered in the computation process and creation a final suitability map. This 

study can offer a methodology and decision support to the decision maker for solving the solar farms 

site selection 
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Introduction 

 

Using renewable energy sources, in particular, the development of solar energy is one of the essential areas 

of Ukraine's energy policy to strengthen the country's energy independence, save traditional energy 

resources, and improve the environment. Ivano-Frankivsk administrative region is an energy-deficit region, 

and the volume of electricity consumption by the region population has had a steady upward trend in recent 

years. Taking into account the need to increase Ukraine's energy independence, the significant depletion of 

oil and natural gas deposits, as well as the focus of the region on tourism and recreation, it is advisable to 

expand the integrated use of renewable energy sources with a simultaneous improving energy efficiency and 

energy saving measures (Bagriy at al., 2017, Kasiyanchuk at al., 2018). The main disadvantage of using 

solar energy is its low concentration, which leads to significant dimensions of solar collectors and batteries. 

This, in turn, leads to a significant land capacity (0.003-0.004 ha/kW), which significantly exceeds the 

performance of traditional fuel energy conversion units. At the same time, solar installations in the amount 

of technically achievable potential have a minimal impact on the environment in the places of their use. The 

use of GIS for the development of projects for the analysis of the potential of territories greatly simplifies 

decision-making in the field of energy management and also allows optimizing the selection of the location 

of solar installations in the most favorable areas (Fediv & Davybida, 2015). The main purpose of this work 

is to find the optimal areas for the construction of solar power stations within the Ivano-Frankivsk region 

using GIS software and create a model, which can be useful for investors to find potential locations before 

conducting detailed field research. 

 

Method and Data 

 

Analysis of publications focused on the design and optimization of PV systems allows identifying two 

main approaches that are determined by the scale of research – ground-mounted installations or solar 

farms within a country or region are considered on the macro-scale level, whereas solar panel 

installations on building roofs within a city, district or individual object are considering on the micro-

scale level. Appropriate PV installation site macro-scale analysis usually is carried out by multicriterial 

GIS analysis associated with a variety of relevant factors (climate, land surface slope, aspects, distances 

from building areas, roads etc.) (Lewis at al., 2015, Yushchenko at al., 2018, Bujarkiewicz at al., 2018, 

Guaita-Pradas at al., 2019). The micro-scale analyses are primarily based on the spatial variation of 

incoming solar radiation on a building rooftop surface. This type of analysis needs full 2.5-3D 

geometrical representations of buildings (LOD 2 and LOD 3 building models) and CAD tools for 

optimal location determination (Khan, & Arsalan, 2016, Ahsan at al., 2022). The final step of the 

majority of such projects is to show results on the Web-GIS platforms or specialized geoportals, where 

everyone can access the information about solar energy potential and supplement data with interactive 

maps and models (Bieda & Cienciała, 2021).  

 

It is obvious that to assess the optimal placement of solar power plants (SPPs) within an administrative 

region, it is advisable to use a macro-scale approach. In order to select suitable sites for SPPs in the 

study area, it is required to determine effective spatial criteria and factors on the viability of SPPs. 

Generally, the authors of the majority of publications distinguish three groups of criteria: environmental 

(solar radiation, aspect), technical (proximity to roads, electrical power lines, and buildings), and 

economic (the size and shape of the area) (Beseničar at al., 2008, Mierzwiak, 2017, Romero Rodríguez 

at al., 2017). These criteria were described by (Kereush & Perovych, 2017) taking into account 

Ukrainian legislation, and detailed according the GIS-approach in the later publications (Perovych & 

Kereush, 2017, Yankiv-Vitkovska at al., 2020). 

 

According to these requirements the following types of vector and raster data were downloaded to assess 

the suitability of the areas for optimal placement of solar parks within the region: 

• Region boundaries data (Research Institute of Geodesy and Cartography (Ukraine), 

https://gki.com.ua/, 2022); 

• Road’s data (Research Institute of Geodesy and Cartography (Ukraine), https://gki.com.ua/, 2022); 

• Electricity distribution data (Open Street Map, https://www.openstreetmap.org/#map, 2022);  
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• Land using data (Copernicus Global Land Service, https://lcviewer.vito.be, 2022); 

• Buildings data (Open Street Map, https://www.openstreetmap.org/#map, 2022); 

• Hydrographic data (Research Institute of Geodesy and Cartography (Ukraine), 

https://gki.com.ua/, 2022); 

• Forests and parks data (Research Institute of Geodesy and Cartography (Ukraine), 

https://gki.com.ua/, 2022);  

• Digital Elevation Model (EarthExplorer, www.earthexplorer.usgs.gov, 2022);  

• Solar radiation data (Kasiyanchuk at al., 2018, SolarGIS, https://solargis.com/, 2022);  

• Average temperature data (WorldClim, https://www.worldclim.org, 2022). 

 

All above-going datasets and two methods for decisions making – Boolean logic for the immediate 

detection of completely unsuitable territories and analytical hierarchical process (AHP) for analysis of 

factors and identification of the most suitable sites for the construction of SPPs – were used in the site 

selection algorithm for the purpose of this work (Perovych & Kereush, 2017, Guaita-Pradas at al., 2019, 

Yankiv-Vitkovska at al., 2020).  

 

Results and Analysis 

 

All downloaded data were processed and prepared for analysis by the following steps: 

• transformation to the single coordinate system (UTM); 

• clipping of vector and raster layers with the region border;  

• creation of buffer zones (residential areas and buildings – 250 m, hydrology objects – 100 m, 

roads and railways – 100 m, forests, parks and protected areas – 150 m) according to the criteria, 

described in the papers (Perovych & Kereush, 2017, Yankiv-Vitkovska at al., 2020); 

• transformation from vector data to raster data.  

 

As a result, the constraint raster maps, where each pixel contains attributive value 0 (if the areas are not 

suitable for SPPs) or 1 (if the areas are suitable for SPPs), were obtained and used for Boolean analysis. 

Furthermore, as unsuitable areas were considered territories with slope > 15°, solar radiation < 800 

kWhm−2 per year, and average air temperature in July < 15°C. Areas identified as inappropriate for SPP 

installations were excluded from a final integrated constraint map. 

 

In the next step, the normalized indices and weights for each of identified environmental, technical and 

economic criteria were calculated with AHP and performed overlay analysis using a GIS for site 

selection of solar farms within the study region. Finally, aggregating normalized raster of various 

criteria based on their weights and multiplying the resulted aggregated raster by the binary raster of 

Boolean analysis results was calculated. 

 

The final model was grouped into five categories of suitability: not suitable at all, low suitability, 

moderate suitability, high suitability and the most suitable areas with an equal interval classification 

method. A significate part of the Ivano-Frankivsk region can be determined as the territory with high 

suitability for the construction of SPPs according to Fig. 1. 

 

Conclusions 

 

As a result of implementing this methodology, areas with slope < 3°, solar radiation > 1100 kWhm−2 

per year, distance from the power lines < 1000 m and average temperature in July < 25°C and > 15°C 

were evaluated as the most suitable for the construction of solar power plants.  

 

This study did not consider small photovoltaic installations, which can be placed in private estates, on 

the roofs or facades of individual buildings. To carry out such an analysis, it is necessary to supplement 

the input data with the results of LIDAR or large-scale aerial photography. The creation of assessment 

models of solar potential at different scales will make it possible to create cadasters of solar potential 

in the future to improve land management in the region.  



 

 

International Conference of Young Professionals “GeoTerrace-2022” 

3-5 October 2022, Lviv, Ukraine 

The results of the study can be used to determine the best location of the solar farm and can help 

accelerate the growth of electricity generation coming from renewable energy, particularly solar energy 

in Ivano-Frankivsk region. 

 

 
Figure 1 Suitable area model 

 

References 

 

Ahsan, A., Talha, B. N., Asad, A. N., Mubashir, A. S., Muhammad, H. K., Muhammad, S. B. Z., & 

Syed, M. A. [2022]. Investigation of PV utilizability on university buildings: A case study of 

Karachi, Pakistan, Renewable Energy, Volume 195, 238-251, doi: 10.1016/j.renene.2022.06.006. 

 

Bagriy, S. M., Davybida, L. I., & Kuzmenko, E. D. [2017]. Spatial modeling and prediction of 

environmental situation when filling Dombrowski quarry: GIS approach. Naukovyi Visnyk 

Natsionalnoho Hirnychoho Universytetu, (2), 109-11. 

 

Beseničar, J., Trstenjak, B., & Setnika, D. [2008]. Application of geomatics in photovoltaics. The 

Intern. Archives of the Photogrammetry. Remote Sensing and Spatial Information Sciences, vol. 

37(B4), 53–56. 



 

 

International Conference of Young Professionals “GeoTerrace-2022” 

3-5 October 2022, Lviv, Ukraine 

Bieda, A. & Cienciała, A. [2021]. Towards a Renewable Energy Source Cadastre – A Review of 

Examples from around the World. Energies, vol. 14 (23), 8095, 2021, doi: 10.3390/en14238095. 

 

Bujarkiewicz, A., Sztubecka M., Sztubecki, J. [2018]. The Study of Using GIS Tools in Sustainable 

Management of Solar Energy. Civil and Environmental Engineering Reports, vol. 28, 26–39. doi: 

10.2478/ceer-2018-0003. 

 

Fediv, Y., & Davybida, L. [2015]. The planning of the GIS-project for the long-term hydrogeology 

prognostication on the basis systems of automation for projects' management. 14th EAGE 

International Conference on Geoinformatics - Theoretical and Applied Aspects, Geoinformatics 

2015, doi:10.3997/2214-4609.201412373 

 

Guaita-Pradas, I., Marques-Perez, I., Gallego, A., & Segura, B. [2019]. Analyzing territory for the 

sustainable development of solar photovoltaic power using GIS databases. Environ. Monit. Assess., 

vol. 191(764). doi: 10.1007/s10661-019-7871-8. 

 

Khan, J., & Arsalan, M. H. [2016]. Estimation of rooftop solar photovoltaic potential using geo-spatial 

techniques: A perspective from planned neighborhood of Karachi – Pakistan, Renewable Energy, 

no. 90, 188-203, doi: 10.1016/j.renene.2015.12.058. 

 

Kasiyanchuk, D., Kuzmenko, E., Tymkiv, M., & Vitiuk, A. [2018]. Geo-information modelling of the 

insolation level within Ivano-Frankivsk region. Journal of Geology, Geography and Geoecology, 

27(2), 222-231, doi: 10.15421/111847 

 

Kereush, D. & Perovych, I. [2017]. Determining criteria for optimal site selection for solar power plants. 

Geomatics, Landmanagement and Landscape, 4, 39–54. 

 

Lewis, S. M., Gross, S., Visel, A., Kelly, M. & Morrow, W. [2015]. Fuzzy GIS-based multi-criteria 

evaluation for us agave production as a bioenergy feedstock. GCB Bioenergy, 7, 84–99. 

 

Mierzwiak, M. & Calka, B. [2017]. Multi-criteria analysis for solar farm location suitability. Reports 

on Geodesy and Geoinformatics, 104, 20–32. doi: 10.1515/rgg-2017-0012. 

 

Perovych, L. & Kereush, D. [2017]. Technology of optimal site selection for solar photovoltaic power 

plants using GIS and remote sensing techniques. Geodesy, Cartography and Aerial Photography, 

86, 73–79. 

 

Romero Rodríguez, L., Duminil, E., Sánchez Ramos, J., & Eicker, U. [2017]. Assessment of the 

photovoltaic potential at urban level based on 3D City models: A case study and new methodological 

approach. Solar Energy, vol. 146, 264–275, doi: 10.1016/j.solener.2017.02.043. 

 

Yankiv-Vitkovska, L., Peresunko, B., Wyczałek, I., & Papis, J. [2020]. Site selection for solar power 

plant in Zaporizhia city (Ukraine). Geodesy and Cartography, vol. 69, no. 1, 97–116, doi: 

10.24425/gac.2020.131076. 

 

Yushchenko, A., de Bono, A., Chatenoux, B., Kumar Patel, M., & Ray, N. [2018]. GIS-based 

assessment of photovoltaic (PV) and concentrated solar power (CSP) generation potential in West 

Africa. Renewable & sustainable energy reviews, vol. 81, 2088-2103, doi: 

10.1016/j.rser.2017.06.021. 


