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1. Introduction 
 

The revised Renew-able Energy Directive (RED - 2023/2413) was adopted on 31st 

October 2023. Article 15c states that Member States shall adopt one or more plans 

designating renewable acceleration areas (RAAs) for one or more types of renewable 

energy sources by 21 February 2026. RAAs are areas where the deployment of 

renewable energy projects of a specific technology is not expected to have significant 

environmental impacts. The European Commission published the Guidance on 

designating renewables acceleration areas in May 2024 (SWD (2024) 333 final). The 

guide provides non-binding recommendations for the designation of acceleration areas 

and focuses on mapping RAA areas for ground-mounted solar and onshore and 

offshore wind projects. 

According to the guide, there are two main steps to RAA designation. Step 1 is the 

preparation of RAA plans for the specific technology or technologies to be deployed in 

the different areas, which includes the identification of the RAAs (taking into account 

priority and excluded areas, sensitivity mapping). Step 2 is the submission of the plans 

to the strategic environmental assessment (SEA) procedure, including the preparation 

of a rulebook consisting of a set of rules for the mitigation measures to be adopted in 

the areas. Each RAA will have to go through a SEA assessment and have its own 

rulebook as specific as possible and related to local conditions/context. 

Increasing renewable energy targets are also expected to be met by an increase in the 

area occupied by renewable energy sources. The EU’s Joint Research Centre (JRC) 

has mapped the technical potential and land suitability for the deployment of renewable 

energy in the EU. In the analysis, land suitable for renewable energy sources is defined 

as land considered optimal for sustainable exploitation. The mapping excluded 

biodiversity-rich areas, natural reserves, and productive agricultural land while giving 

priority to built-up areas and degraded agricultural land with limited prospects. 

Research shows that sufficient suitable land is available to meet renewable energy 

targets away from the most environmentally sensitive areas. For this reason, the quick 

designation of RAAs is significant to select lands with suitable characteristics (EEB 

2024). 

It is therefore particularly important to develop a method for defining low-conflict, low-

sensitive areas that can be used in spatial planning and regulatory procedures. 

Identifying acceleration areas requires using a methodology that can integrate the 
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interests of different sectors and views of different actors. Throughout the process, it is 

therefore important to continuously consult with experts and stakeholders from 

different fields related to renewable energy (e.g. technical, environmental, social).  

 

This study has been prepared for the Energy Policy Group (EPG) in connection with 

the RENewLand project funded by the European Climate Initiative (EUKI). The 

objectives of the project include enabling a multi-sector approach to the process of 

designating national solar and onshore wind acceleration areas and presenting a 

science-based methodology for integrated spatial planning of these areas in three pilot 

regions in Romania, Bulgaria, and Hungary. The present study aims to provide a 

methodological basis for the first part of step 1 present in the Guidance on designating 

renewables acceleration areas, i.e. to develop a methodological proposal for mapping 

RAA areas. Followed by an extensive literature review, we propose a method for spatial 

planning that integrates the different disciplinary aspects related to renewable energy 

using geographic information system (GIS) and multi-criteria decision making (MCDA) 

tools. In developing the recommended method, we propose a process of analysis for 

two types of energy sources (solar and wind) according to RED, by creating several 

scenarios. Examining these scenarios can help the area designation process. 

 

 

2. Literature review 
 

In our review of research on site suitability assessment of solar and wind power plants, 

we focused on analyses with a European study area. These typically take into account 

several different assessment criteria, which were grouped in the literature review into 

the following categories: technical, environmental-natural, and socio-economic. The 

assessments often use both restriction or exclusion criteria (constraint mapping - Sochi 

et al 2023) and evaluation criteria (or weighted indicators - conflict maps or sensitivity 

maps). The exclusion criteria refer to areas that are not suitable for renewable energy 

development due to their high environmental sensitivity. The weighted indicators are 

aspects of environmental sensitivity that can be weighed against the benefits of the 

area's RE potential. Mapping can be done at different scales. The Öko-Institute (2024) 

points out that regional specificities and related information can be lost in mapping at 

the national scale, and therefore recommends that regional mapping should be carried 

out in addition to national analyses. 

The evaluation criteria included in the assessment of solar power plants are 

summarised in Annex 1, and those included in the assessment of wind power plants in 

Annex 2 (the threshold/ buffer distances applied are also indicated). The thresholds 
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and buffer distances used in the literature are summarised in Table 2, based on the 

interval and average of the values applied. 

 

2.1. Evaluation process and main steps 

 

In all cases, site suitability testing is a multi-step process (Figure 1). However, the 

logical sequence of the steps may vary, and there are several mapping methods in the 

literature, including the different assessment processes. In some cases, excluded 

areas are identified first (even in addition to highly sensitive areas), and then either 

scenarios are developed or areas outside the excluded and highly sensitive areas are 

further assessed and ranked. Another approach is to map technical potential first, 

followed by the identification and integration of spatial sensitivity and exclusion factors. 

The main steps of the different approaches are illustrated below with some examples. 

SolarPower (2024) proposes a seven-step process in the Renewables mapping 

guidance: (1) Identify the potential, (2) Define favourable areas, (3) Identify grid 

availability and plan for grid extensions, (4) Identify areas of low sensitivity, (5) 

Designate Renewable Acceleration Areas, (6) Define grid acceleration areas, (7) 

Consultation and Strategic Environmental Assessment. The study suggests that grid 

capacity is a constantly changing parameter, so suitable land areas should be identified 

first.  

The steps proposed by Sochi et al. 2023 are as follows regarding the mapping of 

sustainable renewable energy: (1) RE suitability and priority mapping (constraint 

mapping), (2) Identifying and mapping environmental or biological conservation values 

(conflict mapping), (3) Identify and map cultural/social values, (4) Bring it together. The 

study notes that there are two possible methods for assessing spatial suitability. First 

a spatial multi-criteria decision analysis (GIS-MCDA), the second involves using 

locations of current wind and solar facilities to develop predictive models.  

The main steps of the EIHP-TNC (2021) analysis for a Croatian sample area were: (1) 

Identify exclusion zones, (2) Identify very highly sensitive areas, (3) Evaluate the 

remaining areas using a multi-criteria analysis. In this case, the low-sensitivity areas 

are further subdivided into excellent, very good, and good suitability.   

Kiesecker et al. (2024) split the analysis into the following steps: (1) Development 

constraint maps based on potential and technical suitability, (2) Calculated a conflict 

index (by different land cover classes and protected areas to identify areas of low-

conflict solar and wind development), (3) Comparison of two development scenarios.  
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In 2023, a study was carried out to assess the wind energy potential (onshore and 

offshore) in Bulgaria, Hungary, and Romania (AIT-REKK 2023), considering both 

meteorological data and land-use constraints. Sensitivity analyses were carried out for 

the main input parameters, based on a pre-identification of the relevance of the factors 

to shape the analysis to the country-specific needs. The GIS-based analysis consisted 

of the following steps: 

1. Matching of wind speed data with wind turbine power curve 

2. Consideration of distance rules to the built environment 

3. Exclusion (or illustrative inclusion) of nature protection areas and other land use 

categories not suitable for wind power development 

 

Figure 1: Main steps of the studies reviewed 

 

2.2. Criteria and thresholds/ buffer distances applied in the literature 

2.2.1. Technical criteria 

Among the technical criteria used in the assessment of the site suitability of solar power 

plants, the most common are the following: solar energy potential, transmission lines, 
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road networks, and railways. In the case of wind power plants, in addition to the 

infrastructural criteria and wind energy potential, airports, antennas, radars, or 

telecommunication stations, military zones are also included in the assessment in 

several cases. According to the review article by Shao et al. (2020), the most frequently 

considered technical exclusion criteria for solar and wind power plants are roads and 

slope. 

The installation of solar and wind power plants requires large amounts of transport and 

is therefore planned close to transport networks to reduce construction, operation, and 

maintenance costs. The proximity of electricity transmission lines is important for the 

connection of the power plant. The greater the distance, the higher the costs of new 

lines or substations. It is also important to transmit and distribute electricity with 

minimum losses. For this reason, power plants are typically planned at a maximum 

distance of 2-10 km from the main elements of the electricity and transport network 

(Höfer et al. 2016, Giamalaki-Tsoutsos 2019, Colak et al. 2020, Günen 2021, 

Sotiropoulou-Vavatsikos 2021, Tercan 2021, Tercan et al. 2021, Demir et al 2024). In 

its analysis of European countries, JRC considered areas with good potential to be 

less than 5 km from the existing road network (EEB 2024). In some cases, the location 

of gas pipelines is also taken into account, as their surroundings may be affected by 

the risk of leakage or explosion (Colak et al. 2020). Buffer distances are also applied 

around gas pipelines, electricity grid lines, and elements of the transport network, 

which vary between 20 and 500 m in the studies reviewed. Wind farms typically use 

larger buffer distances from infrastructure elements. For road networks, an average 

buffer of 90 m was used for solar farms and 170 m for wind farms. A review by Rediske 

et al. (2021) shows that buffer distances of 500 m are also typical for wind farms. For 

railways, the average buffer applied is 75 m for solar and 120 m for wind farms. Wind 

turbines can cause problems in the operation of communication, navigation, and 

surveillance systems related to aviation safety (Gigovic et al. 2017, Karipoğlu et al. 

2021, Sotiropoulou-Vavatsikos 2021, Tercan 2021). Larger buffer distances are 

therefore used around airports, radars, and military sites, ranging from 250 m to 10 

km. The largest buffer distance is typically applied around military areas, with an 

average of 5.75 km. For airports, the average is 3.5 km, while around antennas, 

communication stations, and radars, in some cases only a 250 m buffer has been 

applied. Aviation organisations recommend more restrictive distances, which are 

shown in Table 1. Based on the CAN Europe (2024) briefing, the mapping exercise 

should also consider solutions that relax (or lift) certain restrictions, such as rules for 

civil aviation and military interests in some cases. 
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Table 1: Applied buffer distances for radars in the literature. 

 

 Exclusion 

Impact assessment/ consultation required 

Accepted Detailed  Simple  

EUROCONTROL 2014  < 500 m < 15 km 
> 15 km 

but in radar LOS 
not in LOS 

ICAO 2015  < 15 km   

CAA 2019 
< 2,1 km  

(single turbine) 
< 17,2 km  

(up to 10 turbines) 
< 20 km  
(airports) 

 

DHPLG 2019  < 20 km  

CAA 2016  < 30 km (airports)  

 

2.2.2. Environmental-natural criteria 

A wide range of environmental-natural parameters are covered in the research, 

including topographic, meteorological, land cover, and natural value characteristics. 

Among the topographic aspects, slope is the most common (Tegou et al 2010, 

Latinopoulos-Kechagia 2015, Watson-Hudson 2015, Höfer et al. 2016, Gigovic et al. 

2017, Sotiropoulou-Vavatsikos 2021, Tercan 2021, Demir et al 2024) and, in addition, 

aspect for solar power plants (Watson-Hudson 2015, Giamalaki-Tsoutsos 2019, Colak 

et al. 2020, Finn-McKenzie 2020, Tercan et al. 2021, Vrînceanu et al. 2022). Elevation 

is also taken into account in several cases (Giamalaki-Tsoutsos 2019, Tercan et al. 

2021, Vrînceanu et al. 2022), but it is less frequent in the research reviewed. Steep 

slopes make it difficult to locate large installations and can increase the time and cost 

of construction. This aspect is important for the efficiency of solar installations. 

Increasing altitude can also make construction more difficult due to often worse 

accessibility. In several cases, earthquake-prone areas have been taken into account 

to reduce the risk of structural damage (Colak et al. 2020, Günen 2021, Tercan et al. 

2021). There are no significant differences between solar and wind power plants in 

topological restrictions, with areas averaging between 1800 and 2000 m above sea 

level and areas with slopes of more than 20-22% being excluded.  For onshore wind 

farms, the JRC considered areas with a slope of less than 2.1° and areas with good 

wind conditions, i.e. with a capacity factor of more than 20% (EEB 2024). 

Among the environmental and natural parameters often land cover and water bodies 

or wetlands are taken into account, less often forest areas, coastlines, and islands are 

included in the assessment. The protection of water bodies, lakes, watercourses, or 

wetlands as sensitive ecosystems is an important consideration (Colak et al. 2020, 

Günen 2021, Sotiropoulou-Vavatsikos 2021, Tercan 2021, Tercan et al. 2021, FHNPI 

2024). Around these, buffer distances for solar plants vary between 10-100 m (average 
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80 m), for wind plants larger distances are typical, between 50 m and 1 km, but 

distances of 100-200 m are most common (average 280 m). In some cases, the 

distance from the coastline has also been taken into account (Giamalaki-Tsoutsos 

2019, Sotiropoulou-Vavatsikos 2021, Tercan 2021), as this may be important for 

technical, environmental, and aesthetic reasons. For wind farms, the buffer distance 

used can be up to 1.5 km due to visual impacts (average 800 m), and 50 m for solar 

farms. 

Meteorological aspects such as temperature, humidity, and number of rainy days are 

considered for solar power plants (Günen 2021, Tercan et al. 2021, Vrînceanu et al. 

2022). The energy production capacity of solar power plants decreases with the 

average annual rainfall, as wet weather absorbs part of the shortwave radiation. Areas 

with lower average temperatures are better for increasing the efficiency of solar farms. 

The performance of PV systems decreases at temperatures above 25°C. Regions with 

high relative humidity are less suitable for solar power generation. High wind speed 

areas can also cause technical problems in terms of safe siting and operation (higher 

dust and sand particle coverage) (Vrînceanu et al. 2022). In the case of wind farms, 

bird migration paths, bird habitat areas, and bat roosts are also being considered as 

assessment criteria in several cases (Karipoğlu et al. 2021, Tercan 2021, Demir et al. 

2024, FHNPI 2024). Wind turbines may cause bird or bat collisions, so wind turbines 

should be designed as far as possible from important bird areas, bird migration paths, 

and bat roosts. Buffer distances typically vary between 200 m and 3 km, depending on 

the species to be protected. Around bird and bat habitats, the average buffer is 1-1.2 

km; around migration routes, the average is 2.8 km. EUROBATS (2014) guidance also 

requires using buffer zones around nationally and regionally important roosts. 

Consideration should also be given to the presence of existing or potentially important 

bat habitats, such as forests, trees, tree lines, hedgerow networks, wetlands, 

waterbodies, watercourses, and mountain passes, as well as recently planted forests. 

A buffer distance of at least 200 m was defined for use around all types of woodland, 

water bodies, or wetlands listed above. The buffer distance should be measured from 

the outer range of the blades, not the axis of the tower. 

To be considered as excluded areas under the EU Directive (2023/2413): Natura 2000 

sites, areas designated under national and international protection schemes for nature 

and biodiversity conservation. In almost all cases, protected areas of international and 

national importance are included in the environmental and natural aspects, or in some 

studies areas of outstanding natural beauty (Watson-Hudson 2015, Finn-McKenzie 

2020, Harper et al. 2018, FHNPI 2024), depending on the protection category applied 

in the country under study. Several studies specifically mention the types of protected 

areas taken into account. Protected areas of international importance are included in 
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most cases alongside those of national importance (e.g. Tegou et al. 2010, 

Latinopoulos-Kechagia 2015, Höfer et al. 2016, Harper et al. 2018, Finn-McKenzie 

2020, Sotiropoulou-Vavatsikos 2021, Vrînceanu et al. 2022): Sites of Community 

Importance (SCI) or Special Areas of Conservation (SACs), Special Protection Areas 

(SPAs), RAMSAR sites, biosphere reserves, Word Heritage Sites. Shao et al. (2020) 

also found that among the environmental parameters, protected areas and water 

bodies as exclusion criteria are considered much more often in the analyses than other 

related aspects. The implementation of solar and wind farms must be compatible with 

the sensitivity of natural landscapes, because of the impact on wildlife, biodiversity, or 

aesthetics. These areas are often excluded from the analysis due to legal 

requirements, and in many cases, buffer areas have been applied. The distances used 

vary between 100 m and 1 km for solar farms (average 750 m) and between 300 m 

and 5 km for wind farms (average 1.7 km). In order to take greater account of 

landscape aesthetic protection aspects, it is possible to use the viewshed analysis 

presented by GIS software, either during the mapping process or to assess the areas 

resulting from the mapping. 

In 2015, the Working Group of German State Bird Conservancies published a general 

guide for the distance from important protected areas for birds (EC 2024), 

recommending a buffer distance of ten times the height of the turbine (or at least 1.2 

km). 

2.2.3. Socio-economic criteria 

Among social-economic aspects, the most common is the inclusion of built-up areas, 

especially residential areas (Shao et al. 2020). In the case of urban areas, there may 

be a conflict between the spatial growth of residential areas and visual pollution. Wind 

farms also generate noise and have a significant visual impact. On the other hand, 

solar parks should be located as close as possible to settlements to reduce transport 

costs and ensure energy security (Höfer et al. 2016, Colak et al. 2020, Günen 2021, 

Sotiropoulou-Vavatsikos 2021, Tercan 2021, Tercan et al. 2021, Demir et al. 2024). 

The buffer distance used has been 500 m for solar plants and typically varies between 

400 m and 3 km for wind farms (average 1 km). JRC used a buffer distance of 700 m 

for residential settlements for both wind and solar power plants, and 500 m for industrial 

sites for solar power plants (EEB 2024). World Heritage sites or other historical 

heritage areas are often considered depending on the legal requirements of the 

country under study (Tegou et al. 2010, Latinopoulos-Kechagia 2015, Watson-Hudson 

2015, Höfer et al. 2016, Giamalaki-Tsoutsos 2019, Finn-McKenzie 2020, Sotiropoulou-

Vavatsikos 2021).  In addition, agricultural areas (or permanently irrigated areas, 

pastures) are also assessed sometimes (Tegou et al. 2010, Watson-Hudson 2015, 

Sotiropoulou-Vavatsikos 2021), typically with a buffer distance of 200 m. In many 
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cases, visibility is taken into account by applying buffer areas (e.g. around residential 

areas/historical heritage), but there are also analyses where visibility analyses have 

been carried out e.g. for settlements, archaeological sites, monuments, beaches, 

harbours, or tourist sites (Tegou et al. 2010, Gigovic et al. 2017). 

Social justice is important in the mapping process. Various socio-economic indicators 

can be used during the evaluation to enhance e.g. access to energy, distribution of 

benefits, and ensuring fair and equitable benefit-sharing mechanisms. Possible socio-

economic indicators that can be used in the mapping, e.g. population density, proximity 

to population centres, unemployment rates, household income, local ownership of 

renewable energy projects, access to benefits for low-income and vulnerable 

households.  Access to natural resources, such as freshwater resources and 

ecosystem services, must also be taken into account (Sochi et al 2023, CAN Europe, 

2024). Accessibility of such resources should be examined during an environmental 

impact assessment, including the impacts on the local population. There are fewer 

examples of their application in concrete study area analysis in the literature. The 

mapping is mainly based on residential areas, settlement areas and the distance from 

them. But for example, Gigovic (2017) considered population density in a combined 

AHP and GIS approach in Serbia, as follows: 

● very low suitability: >110 p/km2 

● low suitability: 90-110 p/km2 

● moderately low suitability: 70-90 p/km2 

● moderate suitability: 50-70 p/km2 

● moderately high suitability: 30-50 p/km2 

● high suitability: 10-30 p/km2 

● very high suitability: <10 p/km2 

 

There may be conflicting considerations in the literature, e.g. suitability of areas with 

lower population density - location closer to large consumers. In the analysis, these 

must be considered on an individual basis and applied according to the objective of 

the analysis. 

Harper et al (2019) used the following social parameters, which influence the planning 

acceptance of wind turbines based on a previous study: percentage of the local 

population with high levels of qualifications, the average age, local political composition 

(political, labour share - % of local council). These, along with additional parameters, 

were aggregated into one variable/ layer and used for further MCDM-GIS analysis. 

EIHP (2021) in Croatia has taken into account the number of inhabitants as a social 

indicator (in addition to distance from settlements, cultural values, visual impacts).  
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The areas relevant for flood risks and areas requiring special protection of their surface 

water and groundwater are managed differently from country to country in the absence 

of specific provisions. For example, based on the EC (2024) study, Spain and Portugal 

and the project in Croatia (EIHP-TNC  2021) excluded these areas from RAA 

designation. However, they have not been excluded in France, but they require special 

attention due to their environmental sensitivity. The study by Öko-Institut e.V. (2024) 

suggests that existing renewable energy infrastructure elements should be taken into 

account during the mapping. In this way, the cumulative impact of the projects can be 

better considered in the planning process. 

The CAN Europe (2024) briefing highlights the potential of multi-purpose land use, e.g. 

agrivoltaics, multi-use fosters synergies between renewable energy production and 

other land uses, installation of solar panels over canals. Another possible way to exploit 

dual land uses is to combine nature restoration objectives with renewable energy 

sources. For example, solar farms can contribute to the restoration of degraded land 

when combined with agro-ecological practices. This can also help to improve soil 

conditions and increase biodiversity in the area (EC 2024). 

Table 2 highlights some of the exclusion criteria/indicators and their applied value 

ranges, suggested by research papers summarised in Appendix 1-2. Sochi et al. 

(2023) present thresholds of varying severity (low-typical-high), of which we include 

the typical value for comparison alongside our literature summary. 
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Table 2: Summary of buffer distances and thresholds in the literature. 

 
  

Solar power Wind power 

 

 Criteria 

E criteria - 

interval 

E criteria - 

average 

Sochi et al. 

2023 
E criteria - 

interval 

E criteria - 

average 

Rediske et al. 2021  

- review 

Sochi et al. 

2023 

T
e
c

h
n

ic
a
l 

Electricity grid connection   > 10 km    > 10 km 

High-voltage electricity grid 

< 0.1 km,  

> 10 km 

< 0.1 km,  

> 10 km 

< 0.2 km < 0.1-0.5 km,  

> 2-10 km 

< 0.25 km,  

> 6 km 

 < 0.2 km 

Roads  

< 0.05-0.1 km,  

> 5 km 

< 0.09 km,  

> 4.5 km 

< 0.15 km,  

> 10 km 

< 0.02-0.3 km,  

> 2.5-10 km 

< 0.165 km,  

> 6.25 km 

< 0.5 km < 0.15 km,  

> 10 km 

Railways < 0.05-0.1 km < 0.09 km < 0.15 km < 0.1-0.15 km < 0.125 km  < 0.15 km 

Hydrocarbon pipelines < 0.03-0.07 km < 0.05 km < 0.15 km < 0.2 < 0.2  < 0.15 km 

Airports < 0.05 km < 0.05 km < 5 km < 0.5-10 km < 3.44 km < 2.5 km < 5 km 

Antennas, radars and  

telecommunication stations 

   < 0.25-1 km < 0.5 km  < 0.5 km 

Military areas < 0.1 km < 0.1 km  < 0.1-10 km < 4,6 km < 5 km  

Solar energy potential (kWh/m2/year) < 1000-1200  < 1130  < 1095      

Average wind speed > 6 m/s > 6 m/s  < 3,5-6 m/s < 4.4 m/s 7-25 m/s 5 m/s 

Flood zones    < 0.5 km < 0.5 km   

E
n

v
ir

o
n

m
e

n
ta

l-
n

a
tu

ra
l 

Sunshine duration < 1800 h < 1800 h      

Average temperature < 5°C < 5 °C      

Slope  > 9-28 % > 20 % > 10 % > 7-30% > 22.6 % > 15-25° (27-45%) > 10 % 

Elevation > 1000-3000 m > 1875 m    > 2000 m > 2000 m 

Earthquake fault lines    < 0.15-0.5 km < 0.33 km   

Forest areas < 0.1 km < 0.1 km < 0.3 km < 0.2 km < 0.2 km  < 0.3 km 

Water bodies  < 0.01-0.1 km < 0.075 km < 0.3 km < 0.05-0.2 km < 0.11 km < 0.4 km < 0.3 km 

Wetlands < 0.1 km < 0.1 km < 1 km < 0.1-1 km < 0.55 km  < 1 km 

Bird migration paths     < 2.5-3 km < 2.8 km   

Bird habitats    < 0.2-3 km < 1.2 km   

Bat habitats    < 1 km < 1 km   

Sand dunes    < 1 km < 1 km   

Coastline, shoreline < 0.05-1 km < 0.525 km < 1 km < 0.1-1.5 km < 0.87 km  < 1 km 

Snowslides, landslides    < 1 km < 1 km   

Protected natural areas < 0.5-1 km < 0.8 km < 1 km < 0.3-5 km < 1.7 km < 0.5-1 km/ 1-5 km < 1 km 

Areas of outstanding natural beauty < 0.5-1 km < 0.75 km  < 1-2 km < 1.5 km   

S
o

c
io

-e
c

o
n

o
m

ic
 

Word Heritage Sites < 0.5-1 km < 0.75 km  < 1 km < 1 km   

Historical / cultural heritage < 0.01-1 km < 0.53 km  < 0.5-1 km < 0.7 km < 0.2 km  

Urban areas < 0.1-0.5 km < 0.42 km < 0.8 km < 0.4-3 km < 1 km < 1-3 km < 0.8 km 

Tourism facilities, tourist sites    < 1 km < 1 km   

Agricultural areas   < 0.05 km < 0.2 km < 0.2 km < 0.5 km  

Pastures    < 0.2 km < 0.2 km   

Industrial areas, mining zones   < 0.1 km < 0.5 km < 0.5 km  < 0.1 km 

Power plant   < 0.15 km    < 0.15 km 

Wind turbines   < 0.3 km    < 0.3 km 

 E criteria = Exclusion criteria        
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2.3. Methods (MCDM – GIS) applied in the literature 

 

Since choosing the location of various developments is usually a demanding task and 

requires the cooperation of different areas and the compromise of different 

perspectives and priorities, energy projects use in some form a multi-criteria decision-

making (MCDM) tool (Table 3). Over the years, the basic MCDM tools have been 

expanded with Analytic Hierarchy Process (AHP) and Geographic Information System 

(GIS) based data. Early examples of such mixed tool use can be found in landfill site 

selection (Amiri et al. 2022). Later, as the use of mixed devices became a standardised 

and accepted decision-making method, different fields of energy incorporated their 

experiences, including offshore (Abdel-Basset et al. 2021) and onshore wind (Rehmann 

et al. 2020) and solar energy (Kocabaldir–Yücel 2020). All the studies previously 

reviewed in this study used MCDM and GIS methods together. Some site suitability 

studies use geostatistics and R programming to solve complex spatial evaluation or 

optimization problems (Kaya et al 2019). In addition to AHP, there are many MCDM 

methods, such as TOPSIS, data envelopment analysis (DEA), and fuzzy decision 

making, which are frequently used tools in the field of energy planning and 

management. 

The most common of the MCDM methods used in facility site-selection tasks is AHP, 

which uses pairwise comparisons to evaluate the relative importance of each decision 

factor. This helps to analyse complex decision problems. The method often involves 

experts from different stakeholder areas related to renewable energy. This allows a 

combination of different factors, e.g. technical, economic, environmental, social, etc., 

to be taken into account when selecting sites (Höfer et al. 2010, Tegou et al. 2010, 

Latinopoulos-Kechagia 2015, Watson-Hudson 2015, Colak et al. 2020, Finn-McKenzie 

2020, Günen 2021, Demir et al. 2024). In addition, the weighted linear combination or 

WLC method is often used (Latinopoulos-Kechagia 2015, Gigovic et al. 2017, Tercan 

2021, Tercan et al. 2021). This is an aggregation approach used to combine the criteria. 

Under this approach, each factor is multiplied by a weight, and the results are summed 

using a map algebra to obtain the final suitability index. In several cases, different 

scenarios have been considered for the suitability map, using different weightings, e.g. 

economic or environmental models. This also helps to examine the sensitivity of the 

model, which contributes to explore how the application of different weightings affects 

the results. For further details the reader is referred to section 4.2. 
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Table 3: Applied methods in the literature. AHP: analytic hierarchy process; ANP: 

analytic network process; WLC: weighted linear combination; BWM: best-worst 

method; WO: Weighted Overlay, PR: PROMETHEE, IDW: inverse distance weighted 

 

 MCDM methods  GIS Scenario 
analysis 

 AHP ANP WLC DEMATEL MABAC BWM WO PR IDW 

Latinopoulos-Kechagia 
2015 

x  x       x x 

Watson-Hudson 2015 x         x x 

Gigovic et al 2017  x x x x     x x 

Giamalaki-Tsoutsos 2019 x         x x 

Finn-McKenzie 2020 x         x  

Colak et al. 2020 x         x  

Günen 2021 x         x  

Tercan et al 2021 x  x       x  

Vrînceanu et al. 2022       x   x  

Tegou et al 2010 x         x x 

Höfer et al 2010 x         x x 

Demir et al 2024 x         x  

Sotiropoulou-Vavatsikos 
2021 

       x  x x 

Tercan 2021   x   x    x  

 

The results of the AHP weighting in the analyses reviewed depend on the aspects 

considered in the research, the study area, and the scenarios used. Höfer et al. (2016) 

presented the weighting used in relative importance [%] from AHP. In their analysis, 

wind energy potential was given the highest weight, and distance from natural 

environments and distance from urban areas was also an important factor. Tercan 

(2021) conducted an AHP analysis with six experts, and the average weights obtained 

are shown in Table 4. Wind velocity was considered the most important factor in this 

case too, followed by land cover, proximity to specific conservation zones, and 

proximity to urban settlements. For solar power plants, examples of the weights used 

can be found in the analysis of Günen (2021). In this case, the highest weight was 

given to GHI and aspect, followed by distance from the power line network. Also, land 

cover (including protected areas) and annual average temperature were considered 

with high weights. This is followed by distance from settlements. The analyses show 

that potential is at the top of the weighting. Protected areas, land cover, and distance 
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from settlements typically being given more weight around the factors affecting 

sensitivity. 

 

Table 4: Literature examples for AHP weighting 

 Höfer et al. 2016 Tercan 2021  Günen 2021 

W
in

d
 p

o
w

e
r 

p
la

n
ts

 

Criteria 
Relative 

importance (%) 
Criteria Weights 

S
o
la

r 
p
o
w

e
r 

p
la

n
ts

 

Criteria Weights 

Wind energy potential  21.6 Wind velocity 0.2301 GHI  0.5556 

Natural environments  20.4 Land cover/use 0.2041 Aspect  0.5278 

Urban areas  18.5 Specific conservation zones 0.1059 Power line network  0.4140 

Electricity grid  8.0 Urban settlements 0.1053 Land Use/Cover  0.3325 

Road network  7.4 Slope 0.0879 Annual average temperature  0.2141 

Places of interest  7.2 Wetlands and IBZs 0.0775 Settlements  0.1698 

Landscape architecture  6.2 Transmission lines 0.0749 Road transportation network  0.1464 

Land cover type  6.0 Airports 0.0637 Slope  0.1397 

Slope of terrain  4.6 Main roads 0.0507 Annual average precipitation  0.1186 

     Annual average relative humidity  0.1117 

     Fault lines  0.1016 

     Lakes & dams  0.0592 

     Rivers  0.0592 

     Railway transportation network  0.0498 

 

2.4 Summary of other related documents in the RENewLand project 

 

In the RENewLand project, Trinomics carried out a study in 2024, in which good 

practices in spatial planning were presented, and methods to be applied were 

proposed. It also presented good practices in the legislative environment, institutional 

cooperation, and stakeholder involvement. The present study focuses on the 

application of good practices related to the RAAs mapping process.  

In Portugal, sensitivity mapping was applied, whereby data on areas to be excluded 

were collected, a GIS database was built, and potential RAAs were those that did not 

have any limiting factor, finally scenarios were examined. In Croatia, a similar approach 

was applied using sensitivity mapping, whereby areas to be excluded were defined, 

and then highly sensitive zones (that are not always legally protected but are often 

subject to a certain degree of conservation and sustainable management) were 

identified, and the remaining area was assessed against several criteria using a multi-

criteria analysis. In the Czech Republic, go-to zones have been defined to identify 
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suitable areas for wind and solar projects using a multi-criteria and multi-step 

approach. These exclusion zones were overlaid on the map of potentially viable areas 

for RES development. In this country, aviation fields or areas critical for national 

defence were assessed on a case-by-case basis. 

 

 

 

Good practices for mapping based on the Trinomics study: 

● Identify and manage controversial areas - those that are not considered for 

direct exclusion under the revised RED but where locating RAAs might raise 

conflicts. 

● Develop and use decision-making tools - these tools can help resolve local 

conflicts and balance competing land uses by providing a structured approach 

to evaluate and/or rank potential areas for renewable energy projects, and 

provide a clearer understanding of land availability and the potential trade-offs 

involved in excluding sensitive areas. 

● Ranking potential areas - in addition to mapping suitable areas, identifying the 

best candidate location is the ranking of the suitability level of each area. 

● Developing different scenarios - helps to make explicit the “weight” in terms of 

land of key controversial exclusions. 

 

2.5 National principles documents 

 

Earlier in the RENewland project, workshops, and a questionnaire were used to define 

the national principles of the countries studied. Based on the documents received, the 

following challenges and principles were identified for the land suitability assessment 

in Bulgaria, Hungary, and Romania, which should be taken into account when 

developing the mapping methodology (Table 5). 
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Table 5: National principles connected to RAA designation. 

Bulgaria Hungary Romania 

Prioritising degraded areas (and urban areas) 

Exclusion criteria: 

• natural areas, whether under national or international protection is a priority 

• important ecological corridors and biodiversity hotspots outside protected natural areas 

• important breeding, rearing, wintering and migration sites 

Protection of landscapes, grasslands and the most valuable soils  

Matching energy production areas with consumption areas 

Need for standardised, high-quality, detailed and up-to-date data 

Technical suitability thresholds: 

• Wind density ≥300 W/m2,  

wind speed ≥6 m/s at 150m  

• Geologically stable areas, low risk of 

erosion, low risk of earthquakes 

• PV energy potential ≥1200 kWh/kWp 

• Slope (for PV): <10% (non-urban 

areas), <45% (urban areas) 

• For PV: high priority exposures: S, SE, 

SW; medium priority: NE, NW; 

 low: N, with too much slope 

• Priority: areas within 10 km of the 

nearest existing substation 

• As close as possible to locations with 

high electricity consumption 

Further important criteria and buffer 

distances/ thresholds:  

• Riparian areas with buffer zones 

(exclusion) 

• Forests 

• Highly fertile agricultural land 

• Game fields 

• Rivers, lakes, wetlands, beach strips, 

sand dunes 

• Natural and semi-natural grass 

ecosystems, scrub, rocks, other areas 

with potential for high biodiversity 

• Ecosystem services* 

• Settlements: min. 500 m 

Technical suitability thresholds: 

• wind power: >300 W/m2 at 150m, wind 

speed >6 m/s 

• Slope for PV: >10° 

• Existing connection points 

• (Planned) routes of linear 

infrastructure: 50 - 250 m  

Further important criteria and buffer 

distances/ thresholds:  

• Protected nature conservation areas 

(exclusion): wind – 1500 m, PV - few 

100 metres 

• SPAs; Ramsar sites; migratory bird 

habitats; waters > 10 ha and are of at 

least regional importance for 

waterbirds: 1200-5000 m for wind  

• Important bat breeding sites, cave 

openings and mine openings: 1000 m 

• Forests (exclusion): 200-250 m 

• Aquifer protection areas and open 

karsts (exclusion for PV) 

• Wetland without permanent water 

cover (exclusion for PV) 

• World Heritage sites (exclusion for 

wind) 

• Grasslands (exclusion for PV) 

• Wetlands, water bodies, major 

watercourses: 200-500 m for PV 

• Highly protected species 

• Protection of areas of outstanding 

landscape value  

• Cultural values: 150 m for wind 

• Residential and built-up areas: 700 m 

for wind 

• Radars: 10-24 km  

• Priority: areas where landscape 

transformation has already taken 

place, degraded arable lands  

Further important criteria:  

• Areas with high potential for ecological 

restoration (e.g. wetland/floodplain 

restoration sites) 

• Capacity of the transmission and 

distribution network 

• Low-quality arable lands 

Other principles: 

• Compare results with areas needed to 

meet the national renewable energy 

targets  

Other principles: 

• Areas should be designated where the 

natural condition will not deteriorate 

further  

Other principles: 

• RAAs encouraged in less 

economically developed areas 

• After identifying exclusion zones - 

identifying resource potential and 

capacity potential  
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• Analyse the relationship between the 

RAAs identified by spatial methods 

(location and size) 

* Ecosystem services: 

natural ecosystems with high importance for regulating air quality and climate, water quantity and quality, soil erosion; 

natural ecosystems with importance for reducing the frequency of natural disasters; 

areas that are a source of food, pollination and fresh water; 

natural ecosystems with importance for cultural heritage and ecotourism. 

** Individual assessment is recommended for the buffers of tree belts and hedgerow networks, World Heritage Sites, airports 

 

 

3. Required data for a comprehensive analysis 

This chapter details the suitability factors (criteria or indicators), their harmonisation 

and clustering possibilities. RED contains territorial aspects that should be taken into 

account in the planning process. Priority should be given to the following areas: 

● “artificial and built surfaces, such as rooftops and facades of buildings, 

● transport infrastructure and their direct surroundings, parking areas, 

● farms, 

● waste sites, 

● industrial sites, mines, 

● artificial inland water bodies, lakes or reservoirs, 

● where appropriate, urban wastewater treatment sites, degraded land not usable 

for agriculture” 

The following areas should be excluded: 

● “Natura 2000 sites and areas designated under national protection schemes for 

nature and biodiversity conservation, 

● major bird and marine mammal migratory routes, 

● other areas identified on the basis of sensitivity maps and tools (except for 

artificial and built surfaces located in those areas such as rooftops, parking 

areas or transport infrastructure)” 

In order to prepare a complex area suitability analysis that takes into account many 

interests, several different aspects must be taken into account. Experts must strive for 

completeness already during the criteria selection process. During the correct choice 

of criteria, all potential factors must be considered, from the obviously important ones 

to those with less impact. By taking into account the criteria and involving a wide range 

of them, it is possible to avoid a complicated, long work-intensive process that ends in 

failure, or at least with unsatisfactory results. 
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Most of the factors can be found uniformly in any examined area, thus in different 

countries. For instance, the user can expect well-irradiated or populated areas 

everywhere, even if their intensity or distribution may vary from location to location. In 

addition, there may be area-specific factors, which due to their uniqueness are only 

characteristic of a certain geographical area. 

It may also be the case that a given factor is present in different areas, but its 

interpretation differs slightly. Such is the example of national parks, which are a form 

of nature protection used in many European countries, but their exact legal definition 

differs to some extent from country to country, despite the legal harmonisation efforts 

in the EU. In such cases, it is worthwhile to compare clearly related factors. This 

significantly helps to simplify the analysis, while only minor differences in details have 

to be waived. 

It can be assumed that the different factors behave in a similar way in all the countries 

examined, i.e. bird habitats represent an equally high natural value, and a protective 

distance must be kept in order to protect the critical linear infrastructure in all countries. 

The differences may appear in the amount of fines that can be imposed in the case of 

habitat damage or in the definition of protective distances, but this level of comparison 

would require a detailed legal investigation, which the authors do not undertake. The 

scope, relevance and relationships of the elements with other factors, in essence, are 

unlikely to have a significant impact on the results during the conduct of an 

investigation. Based on these and keeping in mind the need for easy harmonisation 

among factors, the experts conducting the examination have the opportunity to 

carefully match certain factors with each other to the extent that it does not jeopardise 

the quality of the examination. This requires careful consideration, and based on the 

primary results, it may require the restructuring of harmonisation in an iterative way. 

In the case of a criterion with a large number of components, it is worth grouping the 

criteria and handling them in a uniform manner based on their similar properties. 

Grouping also plays a role in simplifying the subsequent work process, which is 

presented in the study in section 4.2. 

The aspects proposed by the RENewLand consortium, supplemented by the factors 

proposed by the authors of the study, are presented in Table 6. Following the above, 

the authors also propose the grouping of the numerous factors, where this is necessary 

and possible. The name of the grouped factors used in AHP are shown in Italics in the 

table.  

Acquisition of the proper geodata or statistical data can be challenging when it comes 

to building extensive geodatabases for different regions and scopes. Their sources can 

be official (from local institutes, governmental organisations, academic sector and 

statistical offices), produced by companies (products of private companies) or open 

source (publicly available, sometimes less reliable sources). Although the official 
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sources are considered to be one of the most reliable, the provision of data to national 

or local authorities might take a long time (based on the authors’ experience), and it 

occurs that some data are not even available (primarily because their production is not 

part of the authority or institution's remit). If the particular data is missing at national or 

local jurisdiction, these data sometimes can be downloaded from the databases of EU 

or other international government bodies and research centres as a substitute. These 

are mostly available free of charge, mainly for research purposes. The missing data 

can often be substituted by involving a market operator specialised in this task, who 

can provide field surveys or remote sensing data. However, this method can be very 

expensive depending on the type of data. The use of open access databases offers 

free and fast access, although their data content is often limited or of lower quality. 

The user must consider their options, taking into account financial resources, deadlines 

and data quality requirements. Depending on the purpose of the task, the quality 

requirements and the expected results, it is worthwhile to carry out thorough research 

on the accessibility of the databases even before starting the tests. If the required data 

and indicators are missing, care must be taken to replace them by generating new 

data, obtaining it from other databases, modifying existing data or using proxies. 
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Table 6: The criteria and their groups that are suggested to be considered during a 

RAA site selection process. 

 

  Wind power plants Solar power plants 

Criteria 

Scenario 1: 

Environmental 

Scenario 2: 

Technical 

Scenario 3: 

Socio-Economic 

Scenario 1: 

Environmental 

Scenario 2: 

Technical 

Scenario 3: 

Socio-Economic 

Technical 
 

Electricity grid connection point             

Main roads             

High-voltage electricity grid 

            

Hydrocarbon pipelines 

Railways 

Airports 

  
 Aviation  Aviation 

      

Radar stations 

      Military areas       

Average wind speed             

Global horizontal irradiation             

Terrain (digital elevation model)             

Flood zones       

Protected water reserves       

Environmental-natural 
 

Bat habitats             

Bird migration paths and habitats             

Spatial density of bird population          

Water bodies 

            Wetlands 

Forest areas Valuable 

vegetation 

    Valuable 

vegetation 

    

Grasslands and shrubbery         

Natura 2000 

Protected natural 

areas 

    

Protected natural 

areas 

    

UNESCO biosphere reserve areas 

UNESCO World Heritage Sites 

Ramsar Sites 

National parks and other  

nature conservation areas or objects 

Social-economical 
 

Inhabited areas 

    
Settlements 

      Other built-up areas 

High productivity agricultural areas             

Agricultural areas and fruit Preferable land-

use areas 

Preferable land-

use areas 

Preferable land-

use areas 

Preferable land-

use areas 

Preferable land-

use areas 

Preferable land-

use areas Degraded and industrial areas 

Visibility (e.g. tourist routes, view points) 
Aesthetic aspect   Aesthetic aspect Aesthetic aspect   Aesthetic aspect 

Areas with landscape aesthetic protection  

Social indicator Socio-economic 

indicators 

Socio-economic 

indicators 

Socio-economic 

indicators 

Socio-economic 

indicators 

Socio-economic 

indicators 

Socio-economic 

indicators 
Economic indicator 

Exclusion criteria Excluded within its own area and has a buffer zone    

Exclusion criteria Excluded within its own area   
- continued next page - 
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Exclusion + evaluation c. Excluded within its own area (may have a buffer zone) and have a gradual suitability depending on distance 
→ AHP 

Evaluation criteria Accepted within its own area and have a gradual suitability depending on distance 

  Not relevant 

 

 

4. Methodological guide for the site selection procedure 

4.1 Recommendations based on the literature review 

As it can be seen from the summary of the literature, the evaluation of the areas and 

the selection of suitable locations for facilities utilising renewable energy sources are 

already carried out with GIS tools based on many years of practice. Geospatial analysis 

differs only slightly in the studies of different authors, while the basic communication 

and in many cases the tools and methodological steps used are the same. This study 

also aims to fit into this generally accepted practice. The proposed methodological 

steps are shown in Figure 2 and are explained in more detail in the following chapters.  
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Figure 2: Recommended evaluation process 

To carry out the analyses, we recommend the ArcMap software of the Esri ArcGIS 

platform, which is not only known for its general reliability, but this product is also 

probably the most widespread software among GIS experts. It is important to note, 

however, that during the preparation of the methodological proposal, support for 

ArcMap from the developer's side will soon cease and be phased out. Its place is going 

to be taken by the ArcGIS Pro software, which, however, in terms of its tool set, shows 

significant overlaps with its predecessor, so it is believed that the application of the 

methods will not cause problems for those experts who already want to conduct the 

tests with the new software. It is also worth pointing out that, in addition to the 

suggested software, other GIS programs are available (e.g. QGIS, Mapinfo 

Professional, Global Mapper, etc.), which may also be suitable for the task. The tools 

in these software may differ slightly from the suggested ArcMap. The professional web 

Q&A forums used by users can provide great help in the compatibility of GIS tools. 
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4.2 Factor weighting by multi-criteria decision making 

As the methodological guide moves into its practical phase, it proposes a thorough 

evaluation process to assess the relative importance of each site suitability criterion 

using the Analytic Hierarchy Process (AHP) (Saaty 1990). AHP is widely utilised in site 

suitability analyses for various technologies, making it suitable for evaluating sites for 

renewable energy sources (RES) like wind turbines and solar PV farms. Known for its 

systematic approach and simplicity, AHP serves as an effective Multi-Criteria Decision-

Making (MCDM) tool, thus, the authors suggest using this method as well. 

The decision makers of the matrix must determine, based on their expertise, how much 

more important aspect X is than aspect Y in a pairwise comparison, which they score 

using a scale from 1 to 9, where 1=equally important; 3=moderately important; 

5=important; 7=very important; 9=extremely important. Intermediate values of 2, 4, 6 

and 8 can also be used during scoring. Due to the matrix layout, aspect Y is also 

compared with X, then by definition the reciprocal of the point value given in the X-Y 

comparison is displayed. The value of comparing aspect X with itself is always 1, i.e. it 

is equally important. 

In this specific AHP application, criteria are ranked by experts in architecture, 

landscape architecture, geoinformatics, regional planning, and electrical engineering 

(the authors). Despite differing opinions on the significance of each criterion, the values 

in the AHP matrix were established through their collective agreement (Table 7). The 

weight values in Table 7. can also be expressed as percentages.  

 

Different goals and interests may rise during an importance rating between the criteria. 

In order to represent these aspects, 3 approaches, i.e. scenarios are proposed: 

● Environmental-natural approach, focusing on nature conservancy; 

● Technical approach, making the construction and operation of the power plants 

with less constraints; 

● Socio-economic approach, prioritising social interests and the economic 

benefits of the investments. 

 

These scenarios serve only as options offered by the authors that the user can 

consider when creating their own analysis. Therefore, it is not necessary to apply all 

the 3 scenarios on the selected study area or combine them during the GIS analysis. 

While there are obvious similarities among the approaches (i.e. the interior of national 

parks are absolutely no-go areas according to RED), some criteria are over or 
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underrepresented favouring one of the approaches. Thus, different AHP matrices have 

been created for the 2 RES by applying the 3 approaches, resulting in 6 versions in 

total. For the demonstration analysis, an additional AHP has been made (Table 8 and 

its results in Table 9). The AHP values determined by the experts have been iteratively 

adjusted to maintain a Consistency Ratio (CR) acceptable. This indicator shows the 

consistency of decision-making: the ranking of aspects can be considered objective 

and consistent if CR < 0.1. If, after a pairwise comparison, the value of the CR is greater 

than this limit, the values in the matrix must be modified until the value of the CR is 

less than 0.1. High CR value occurs mainly when overrated values are set in the matrix, 

thus revising these decisions might contribute to lower the CR. For further details on 

the AHP methodology, the reader is referred to Saaty, 1990. 

 

Table 7: The weighting values for the different scenarios. 

 

Wind power plants 
 

Solar power plants 

Scenario 1: Environmental 

 
Scenario 1: Environmental 

 

Criteria 

weights   

Criteria 

weights 

Grid connection point 0,065  Grid connection point 0,087 

Proximity to roads 0,028  Proximity to roads 0,033 

Average wind speed 0,073  Global horizontal irradiation 0,036 

Terrain slope 0,045  Terrain slope 0,085 

Spatial density of bird population 0,189  Valuable vegetation 0,183 

Valuable vegetation 0,184  Protected natural areas 0,275 

Protected natural areas 0,198  Preferable land-use areas 0,146 

Preferable land-use areas 0,051  Aesthetic aspect 0,068 

Aesthetic aspect 0,106  Socio-economic indicators 0,087 

Socio-economic indicators 0,062    

Scenario 2: Technical 
 

Scenario 2: Technical 

 

Criteria 

weights   

Criteria 

weights 

Grid connection point 0,272  Grid connection point 0,282 

Proximity to roads 0,065  Proximity to roads 0,061 

Aviation 0,085  Airports 0,031 

Average wind speed 0,174  Global horizontal irradiation 0,128 

Terrain slope 0,141  Terrain slope 0,241 

Spatial density of bird population 0,051  Grasslands and shrubbery 0,070 

Grasslands and shrubbery 0,043  Preferable land-use areas 0,113 

Preferable land-use areas 0,099  Socio-economic indicators 0,073 

Socio-economic indicators 0,070    

Scenario 3: Socio-Economic 
 

Scenario 3: Socio-Economic 
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Criteria 

weights   

Criteria 

weights 

Grid connection point 0,144  Grid connection point 0,157 

Proximity to roads 0,071  Proximity to roads 0,044 

Aviation 0,028  Airports 0,020 

Average wind speed 0,075  Global horizontal irradiation 0,102 

Terrain slope 0,046  Terrain slope 0,109 

Spatial density of bird population 0,046  Preferable land-use areas 0,102 

Settlements 0,132  Aesthetic aspect 0,133 

Preferable land-use areas 0,080  Socio-economic indicators 0,333 

Aesthetic aspect 0,122    

Socio-economic indicators 0,257    

 

 

Table 8: The AHP matrix for the demonstration analysis. 

 

 
Grid connection 

point 

Average wind 

speed 

Protected 

natural areas 

Economic 

performance 

Grid connection point 1.00 3.00 0.33 2.00 

Average wind speed 0.33 1.00 0.33 0.33 

Protected natural areas 3.00 3.00 1.00 2.00 

Economic performance 0.50 3.03 0.50 1.00 

 

 

Table 9: Criteria weights as the result of the applied AHP for the demonstration 

analysis. 

 

Criteria Criteria weights 

Grid connection point 0.259 

Average wind speed 0.096 

Protected natural areas 0.439 

Economic performance 0.206 

 

 

4.3 GIS operations 

In the following a detailed guide is provided for GIS experts. The step-by-step guide is 

further explained by a demonstration analysis (mentioned earlier in section 4.2), which 

is carried out for a randomly selected Hungarian region, which is the 1022 km2 large 

administration unit of Pápa (LAU 1), in the North-Western part of the country. 
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4.3.1 Pre-processing the geodata 

Collect all the necessary geodata that the user wants to include the analysis 

(suggested list of the data layers are presented in Table 6). Check whether all data is 

available in the case of several areas. In case of discrepancy, make up the shortfall 

from another source. It is worthwhile to concentrate on the most important data 

sources, because it may be necessary to forget some layers of lesser importance. In 

this case, the task of the user is to decide whether the data layer missing from one 

area will be ignored during the examination of the other areas as well. 

Create a new project file (.mxd in ArcGIS). Set the properties of the data frame as 

personal preferences. Pay attention to the coordinate system setting, which is 

supposed to be a commonly used reference system. It can be a national one that the 

desired region or country is officially using (e.g. EOV72 in Hungary). Note that using 

one of these reference systems may result in significant distortions further from the 

origin country. It can also be a world-wide valid coordinate system as WGS84 (World 

Geodetic System) or UTM (Universal Transverse Mercator), which is a good choice for 

neighbouring countries to handle them in a uniform system. Note that all the data 

layers, vector and raster alike, have to be characterised by the same reference system. 

For raster layers, set the raster resolution (cell size) the same for all other raster layers, 

even if they represent different geographical information. For the demonstration 

project, we used the 25 m spatial resolution in order to be able to represent small 

features in raster formats. Larger pixel sizes would mean that some of these features 

would lose or become oversimplified during a rasterization process.  

It is advisable to combine/merge different vector layers (e.g. nature conservation 

categories) which are very similar in properties, assumed importance and their 

expected impact on the results. Use the Merge tool in the Geoprocessing toolset. 

Select the desired study area. This is usually an administrative unit: a country or a sub-

national region. Use its borders (a polygonal vector layer) as a clip feature, with which 

the user can create subsets of other data layers that extend over the selected study 

area (Fig. 3). It is worth considering creating a zone by the Create Buffer tool, since 

some factors outside the study area can affect the results inside it (e.g. bird migration 

routes). Use the Clip tool for vector layers, while the Extract by Mask is the required 

tool for rasters. 
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Figure 3. Clipping vector features (nature reserve areas) by the mask of the 

administrative area’s borders. 

 

All the newly created layers should be saved/exported in a structured way, either a 

folder structure (.shp for vector and .tiff or similar format for raster files), or into a File 

Geodatabase, up to the user’s preference, keeping in mind later purposes. 

 

4.3.2 Defining buffer zones and other suitability classes 

Table 10 shows a layout for the classification of several considered criteria, according 

to the relevant literature. The authors intended to propose and apply criteria that are 

different in terms of classification, in order to present the variants of suitability score 

allocation. The user has to define the buffers and the gradual zones width for areas 

that should be protected, and also classify the criteria that are not specified as 

distance-dependent factors, such as socio-economic attributes or wind speed. The 

classification of the letter two is different. Economic performance classification (in this 

case the total income per capita of a given settlement) was made by applying the 

Natural Breaks distribution, while the wind speed applies the Equal Interval distribution. 

The buffer distances proposed by the authors are shown in the tables in Annexes 3 

and 4. It is obvious that in the case of electricity connection points, the closer the wind 

turbines (or solar PV park) the better. Therefore, no exclusion zone was defined, and 

value scores decrease by distance from the connection point. (Note that the authors 

used fictitious connection points, randomly selected along the mid-voltage level power 

lines.) The opposite applies for protected natural areas, where a longer distance is 

more favourable, and a complete prohibition of an additional 100 m has also been 
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defined. Water bodies are also no-go areas, but they have no exclusion buffer zones, 

while in the case of settlements, a 700 m wide buffer zone has been defined according 

to the Hungarian regulation. After 700 m, the study area is considered equally suitable 

for RES development. 

 

Table 10: Excluded areas, buffer zones and gradual zones with their associated 

suitability scores for the considered criteria. (X means within its own area.) 

 

 Distance (m) from Economic 

performance 

(€/capita) 

Average 

wind speed 

(m/s) Suitability score 
Electricity grid 

connection point 

Protected 

natural areas 

Water 

bodies 
Settlements 

Excluded areas (0)  0-100 X 0-700   

1 4500 < 100-200    < 6.7 

2 4000-4500 200-300   1700 < 6.7-7.0 

3 3500-4000 300-400    7.0-7.3 

4 3000-3500 400-500   1000-1700 7.3-7.6 

5 2500-3000 500-600    7.6-7.9 

6 2000-2500 600-700   700-1000 7.9-8.2 

7 1500-2000 700-800    8.2-8.5 

8 1000-1500 800-900   400-700 8.5-8.8 

9 500-1000 900-1000    8.8-9.1 

10 0-500 1000 <   < 400 9.1 < 

 

4.3.3 Raster operations 

According to Table 10, all rasters should be reclassified to associate a value score with. 

For raster layers like average wind speed, which may cover a wide spectrum of value 

simplification is necessary. Use the Reclassify tool to define categories. During 

reclassification of the wind speed rater (Global Wind Atlas’ average wind speed) (235 

m, ≈2 degrees) layer should be converted to finer resolution during the Reclassify 

process. It can be done by using the Raster Analysis settings in the Environments (Fig 

4.). In the corresponding field, the value means the linear unit of the layer, in this case 

in metres. Note that finer resolution means not only higher accuracy, but increased 

computing capacity and data storage needs. 
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Figure 4: Altering the original cell size (raster resolution) during the reclassification of 

the wind speed layer. 

 

 

During other raster reclassifications, in the tool the user has to navigate to the 

Environments, Snap Raster option and set to the previously processed raster layer (in 

this case the wind speed) as reference. Also set the raster resolution (cell size) the 

same as this reference layer (in this case set 25 m, or select the Same as layer… 

option and select accordingly). 

For the final site suitability analysis, all polygon vector layers that have exclusion roles 

only within their own borders have to be converted to rasters by using the Convert 

Feature to Raster tool. Set their pixel value to NoData by the Reclassify tool. 

Point and polyline features (e.g. power system connection points and roads) only 

appear in certain locations in the area, but the space between them needs to be 

filled/characterised (either with some suitability point value or exclusion). This can be 

determined using the Euclidean Distance tool, which results in raster format space 

filling (Fig. 5.). The raster should have the same resolution as the previous reference 
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raster. The Snap Raster function allows individual square grids to precisely overlap 

each other to ensure layer compatibility in later operations. Also use the study area 

orders as Mask. 

 

 

Figure 5: The Euclidean Distance tool and its settings. 

 

Each pixel has the value of its distance from the given object, which gives the possibility 

to use the Reclassify tool to classify them into distance classes and zones according 

to the distance categories numerically presented in Table 10. Excluded areas should 

be set to NoData (Fig. 6.) The user can select a proper colour scheme for the resulting 

layer that resembles the suitability the best, as shown on Fig. 7. Note that excluded 

areas remained hollow. 
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Figure 6: Reclassifying the continuous values to distance classes and exclusion 

zones. 

 

 

Figure 7: Study area suitability in terms of nature reserve areas. Green means high 

suitability, while red shades mean less suitable, but not prohibited areas. Hollow 

areas within the study area borders mean exclusion zones. 
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In the last step of the area suitability analysis, the Raster Calculator tool should be 

used to characterise the individual raster cells, i.e. the locations. Put the layers by 

clicking or drag and drop into the textbox (Fig. 8). The final suitability score can be 

determined by multiplying each criterion's own suitability score by the corresponding 

criterion weights from the AHP results and adding them together. The Map Algebra 

Expression should follow the logic below:  

 

𝑆𝑢𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒 = 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑟𝑖𝑑 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 × 0.259 + 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑊𝑖𝑛𝑑 𝑆𝑝𝑒𝑒𝑑 × 0.096

+  𝑁𝑎𝑡𝑢𝑟𝑒 𝑟𝑒𝑠𝑒𝑟𝑣𝑒 𝑎𝑟𝑒𝑎𝑠 × 0.439 + 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 × 0.206

+ 𝑆𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡𝑠 + 𝑊𝑎𝑡𝑒𝑟 𝑏𝑜𝑑𝑖𝑒𝑠 

 

Note that Settlements and Water bodies in the equation are defined as NoData (has 0 value), 

thus the behave exclusive factors. 

 

 

Figure 8: Determining the final suitability score using the Raster Calculator tool. 

 

The resulting new raster layer contains the final area suitability point value for any point 

in the study area (Fig. 9). These can be classified into new classes using the Reclassify 

tool using the Equal interval option for sorting. If a specific raster cell was characterised 

by 0 (NoData, excluded area) on the layer of any of the area suitability criteria, then 
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due to the merging operation it was counted as an excluded area in the final area 

suitability point value, regardless of how favourable the given area would be based on 

other suitability criteria. This means that the given cell or the geographical location it 

represents is not suitable for hosting, in this specific demonstration case, a wind 

turbine. 

Perform the methodological steps for all the desired areas in any proposed analysis 

approaches (environmental, socio-economic and technical), using the corresponding 

criteria and their factor weights created by the AHP. Note that the proposed criteria for 

each analysis alter, according to Table 6. 

 

4.3.4 Evaluation of the results 

Results can be presented cartographically (maps), or by graphs representing the 

number of pixels (spatial extension) as distribution of the value scores (Fig. 10.). The 

user can compare the results, e.g. by using the above-mentioned method by the Raster 

Calculator by subtracting the values of the two layers from each other. 

In this specific case of the demonstration, results clearly highlight the no-go areas that 

are forbidden for wind power developments. These areas remained unfilled (white) in 

Figure 9. The results (depending on the quality of the input data) are able to determine 

with high accuracy and credibility the areas in which Renewable Accelerated Areas 

should be designated. These are the regions characterised by the highest point value, 

marked in blue in the figure (centre and Western regions of the study area). The yellow 

and red shades do not mean that investments using renewable energy sources cannot 

be implemented in the given area, only that they are less suitable for such a purpose 

based on the applied factors and the multi-criteria decision-making procedure. Gradual 

symbology scheme applied on the map visualise well the differences between areas, 

while the sum procedure of the data layers are easy to recognise. 
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Figure 9: Final suitability of the study area for environmental approach wind turbine 

developments. 

Figure 10: Suitability score value histogram of the study area 
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5. Summary and recommendations 
 

In this study, the authors examined the possible methods for Renewable Acceleration 

Areas designation, based on the literature review and own experiences. The proposed 

GIS-based process suits the most for the aforementioned task, which in general is the 

most widely used procedure for areal suitability and site selection of certain facilities, 

i.e. solar and wind power plants. Three approaches have been proposed during the 

multi-criteria decision making procedure (environmental, technical and a socio-

economical ones), which offers holistic consideration for experts from different fields 

evaluating a certain region for such RES developments. These three approaches differ 

in means of the applied indicators (criteria). The number of the indicators makes the 

suggested analysis unique among other site suitability-related studies by its 

comprehensiveness, yet it also poses a threat for data collection. 

The analysis consists of the following main steps: 

• selecting the study area where the analysis will take place 

• defining the suitability factors for the project and collect the related (geo)data 

• setting buffer zones and gradual suitability values for each factor 

• weighting the relevant factors according to their importance by a multi-criteria 

decision making method 

• preparing the geodata for GIS operations 

• locating the prohibited area for solar and wind power plant developments 

• rating the suitable area and evaluating the results 

When applying the methodology, the proposed buffer distances should be compared 

with local legal conditions. In addition to defining suitable areas, the analysis can be 

used to support the revision of certain - too strict - legal constraints and the results can 

help to propose amendments to these. 

Despite the present study aims to be holistic and complete in terms of applied criteria, 

buffer zones, gradual suitability zones and factor weighting, users who would like to 

apply the method and replicate are able to modify and adjust any of the indicators and 

values that suits the best for their study area and analysis purpose. Scenarios can also 

be modified or merged to create, for example, a scenario with more stringent 

environmental-natural and socio-economical exclusions. Note that legislative changes, 

data access and additional demands may require updates in the methods before 

replicating it. 

The authors wish the user success in taking over the knowledge contained in the study, 

applying the methods and successfully completing their own analysis! 
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Annex 3. Recommended buffer distances and thresholds for the three scenarios – Wind power plants 
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21000 

 7-8 9-11           1700-

2200 
700-800       

7 3000-4000 3000-4000    6000-6500 21000-

22000 

 8-9      59-40            59-40 59-40 

8 2000-3000 2000-3000    6500-7000 22000-

23000 

 9-10 5-9           2200-

2700 
800-900       

9 1000-2000 1000-2000    7000-7500 23000-

24000 

 10-11                    

10 0-1000 200-1000    7500 < 24000 <  11 < 0-5     0-39      2700 < 900 <  X X  0-39 0-39 

* can be specified based on the available data – e.g. % in relation to the region; X: its own area; not relevant  

Annex 4. Recommended buffer distances and thresholds for the three scenarios – Solar power plants 
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Scenario 1: Environmental 

Excluded areas (0)  0-50 < 50 < 50 < 50 < 50 X X  > 15 X X 0-500 0-100 0-100 0-100 0-100 0-500 X X X      

1 10000 < 10000 <       < 1100         500-600      X 80 < 80 < 

2 8000-10000 8000-10000       1100-1150 13-15      100-150 100-150 600-700         

3 7000-8000 7000-8000       1150-1200         700-800         

4 6000-7000 6000-7000       1200-1250 11-13      150-200 150-200 800-900       79-60 79-60 

5 5000-6000 5000-6000       1250-1300         900-1000         

6 4000-5000 4000-5000       1300-1350 9-11      200-250 200-250 1000-1100         

7 3000-4000 3000-4000       1350-1400         1100-1200       59-40 59-40 

8 2000-3000 2000-3000       1400-1450 5-9      250-300 250-300 1200-1300         

9 1000-2000 1000-2000       1450-1500         1300-1400         

10 0-1000 50-1000       1500 < 0-5      300 < 300 < 1400 <    X X  0-39 0-39 

Scenario 2: Technical 

Excluded areas (0)  0-50 0-50 0-50 0-50 0-50 X X  > 15 X X  X X 0-100  X X X X      

1 4500 < 4500 <    50-150   < 1100        X        80 < 80 < 

2 4000-4500 4000-4500    150-250   1100-1150 13-15                 

3 3500-4000 3500-4000    250-350   1150-1200                  

4 3000-3500 3000-3500    350-450   1200-1250 11-13               79-60 79-60 

5 2500-3000 2500-3000    450-550   1250-1300                  

6 2000-2500 2000-2500    550-650   1300-1350 9-11                 

7 1500-2000 1500-2000    650-750   1350-1400                59-40 59-40 

8 1000-1500 1000-1500    750-850   1400-1450 5-9                 

9 500-1000 500-1000    850-950   1450-1500                  

10 0-500 50-500    950 <   1500 < 0-5            X X  0-39 0-39 

Scenario 3: Socio-Economic 

Excluded areas (0)  0-50 0-50 0-50 0-50 0-50 X X  > 15 X X 0-200 X X 0-100 X X X X X      

1 10000 < 10000 <    50-150   < 1100               X 80 < 80 < 

2 8000-10000 8000-10000    150-250   1100-1150 13-15                 

3 7000-8000 7000-8000    250-350   1150-1200                  

4 6000-7000 6000-7000    350-450   1200-1250 11-13               79-60 79-60 

5 5000-6000 5000-6000    450-550   1250-1300                  

6 4000-5000 4000-5000    550-650   1300-1350 9-11                 

7 3000-4000 3000-4000    650-750   1350-1400                59-40 59-40 

8 2000-3000 2000-3000    750-850   1400-1450 5-9                 

9 1000-2000 1000-2000    850-950   1450-1500                  

10 0-1000 50-1000    950 <   1500 < 0-5            X X  0-39 0-39 

* can be specified based on the available data – e.g. % in relation to the region 

X: its own area; not relevant  

 


