Overviewofthe Renewable AccelerationArea
designation procedureinthe RENewLand project
(National report Hungary)

Introduction

This report summarizes the results of the RENewLand project, which supports the identification of
Renewable Acceleration Areas (RAAs) in line with the EU Renewable Energy Directive (RED IIl). Using
Geographic Information Systems (GIS) and Multi-Criteria Decision-Making (MCDM) methods, the
project developed a harmonized approach to locate suitable areas for solar and wind energy
deployment across Hungary, Romania, and Bulgaria.

It outlines the main methodological steps, including the selection and weighting of environmental,
technical, and socio-economic factors, as well as the spatial analysis that guided RAA mapping. The
findings highlight clear patterns across the pilot areas: large portions of non-irrigated arable land
proved consistently suitable for both wind and solar energy. The analyses also identified substantial
differences between regions, such as the high potential for solar in Prahova and Ruse, or the restricted
wind potential in Kapuvar due to extensive conservation zones. Together, these results offer practical,
location-specific insights that can guide national and regional authorities in targeting areas where
renewable energy expansion is both feasible and sustainable.

The report further details lessons and recommendations to be considered in official RAAs designation
processes based on local validation of results in pilot regions.

Short summary

e The aim of the analysis is to provide a comprehensive guidance for the delineation of potential
Renewable Acceleration Areas (RAA) using scientific methods. During the delineation process,
a number of spatial influencing factors were taken into account, the combined analysis of
which determines the location of RAA areas.

e The study areas must be delimited in such a way that they are sufficiently heterogenous to
carry out complex investigations, and that spatial data describing the objects in the area and
the geographical phenomena occurring there are available.

e The influencing factors to be considered during the study must be identified, which can be
technical, environmental, social and economic factors. Collecting the data and GIS layers
describing these can be a significant challenge.

e The determination of the extent of the protective distances and the weighting of the suitability
factors must be carried out jointly and in agreement by an expert group.

e The GIS layers from different sources must be processed, transformed and unified, which
undergo a multi-step methodological process. The analysis is carried out by a GIS expert using
the appropriate software.

e The results can be presented cartographically, highlighting the most suitable areas that can be
Renewable Acceleration Areas (RRAs).
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e For reasons related to access to certain data sets, as well as reasons related to the condition
of a unified approach in all three implementation countries (Romania, Hungary and Bulgaria),
the methodology and the resulting maps did not consider criteria such as:

-artificial surfaces (e.g. urban areas, rooftops, warehouses, industrial platforms, etc.)
-ecological corridors (recognized by the scientific community, but not officially designated)

-criteria related to agricultural land categories (all categories being included as potential
acceleration areas, while in certain countries such as Romania, only certain categories — eg.
Unproductive, degraded land can be legally used for RES purposes)

-property regime (state owned versus private)
-surfaces already covered by renewable infrastructure projects (solar or wind).

e Moreover, certain buffer zones for certain technologies/objectives may be smaller or larger
than those currently provided for in national legislation, being the result of regional (for all
three countries) harmonization.

As a conclusion, the recommendation of the Project Consortium is that the results of the RENewLand
project be viewed as a good starting point in the official process of mapping and designating
acceleration areas (solar and onshore wind) at the national level, from which to proceed to
subsequently integrate all other relevant criteria for each country, including those mentioned above.

Selecting the study area

Selecting a study area begins with identifying the key factors that need to be assessed. In practice,
however, the choice is often shaped by the availability and accessibility of relevant data, the social and
environmental processes unfolding in the region, or the presence of characteristics that make the area
particularly significant compared to others in the country.

In RENewland, experts considered several elements when defining the study areas, including
renewable energy potential, the distribution of protected and non-protected zones, the presence of
electricity grid infrastructure, and other factors that could influence the quality of the analysis. The
selected study areas therefore consist of municipal administrative units in Kapuvar (HU), Ruse (BG) and
the counties of Brasov and Prahova (RO). In Romania, two sites were chosen to ensure that the
methodology could be validated across a wider range of land use conditions.
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Selecting suitability factors and collecting associated spatial data

Conducting a site suitability assessment begins with identifing the factors that influence either the
success of an investment or its potential impact on the environment. These factors may describe
specific objects (e.g. buildings), a broader area (such as species habitats) or a spatial phenomenon (like
demographic pattern). When selecting them, it is important to determine the critical factors and the
less important ones, without which the assessment can still lead to reliable results. At the same time
the number of factors must also be considered carefully, as each additional criterion increases the
complexity and resource requirements of the analysis..

Once all the necessary factors have been selected, the experts must collect the data to describe them.
Some datasets may already exist or be held by public authorities at the EU, national, or local level,
while others may be managed by research institutions or NGOs In some cases, data may need to be
purchased from specialized providers, or generated by the project team through field surveys or by
processing proxy sources. The collection of spatial data can be a lengthy process that is worth
dedicating sufficient time to adapt to gaps in data availability, either by identifying alternative datasets
or by replacing certain factors with comparable ones.

In the RENewland project, the experts who developed the methodology proposed 34 land suitability
factors (criteria). However, due to project constraints as well as the difficulties in collecting comparable
data for all three countries, only a quarter of these factors were taken into consideration in the actual
analysis. The factors incorporated were the following: electricity network accessibility, railway lines,
distance from the road network and airports, average wind speed and global radiation, terrain slope,
wild bird population density, surface waters and wetlands, valuable vegetation (forests and natural
grasslands), protected natural areas, inhabited and other built-up areas, other land use categories (e.g.
degraded lands), socio-economic factor (municipal tax revenue). Since no data was available for grid
connection points in all three participating countries, the topology of the high-voltage power network
was used as a substitute.

Determining safety distances and gradual distances

For some land suitability factors, protective distances had to be established, thus ensuring that the
given geographical object or area would be adequately protected from possible disturbance caused by
the construction and operation of new solar or wind energy installations. These buffer zones usually
protect natural wildlife and the human population. Any location falling within such a defined distance
is therefore considered unsuitable for development.
In some cases, suitability was not just restricted but also graded: for example, areas became
increasingly favourable as the distance from protected natural zones grew, encouraging developers to
prioritize sites further away. In contrast, the areas closer to the electricity grid were valued more from
an investment perspective. Similarly, areas characterized by higher wind speed or irradiation, as well as
settlementsin aless favourable economicsituation, received an increasingly favourable evaluation. The
protective distances and the gradual advantages were determined jointly by the project consortium
partners (considering the methodological recommendations) (Table 1).

In the Bulgarian study area, the project team could not obtain consistent data on local economic
performance. As a result, no socio-economic differentiation was applied in this region and all settlements
received the same land suitability score.




Weighting suitability factors using a multi-criteria decision-making process

The individual site suitability factors represent different importance during the study. The method
allows for the overvaluation of certain aspects, for example, protected natural areas were given a
higher importance. A multi-criteria decision-making procedure was used to determine the relative
importance of the aspects, which determines the weight of the individual factors in a consistent
manner. The operation of the procedure is described in detail and with scientific rigor in the HUMEA
methodological study. It is important that these weights can only be interpreted and were prepared
for those factors that can be characterized by gradual favorability based on distance or other values,
since weighting is used to assess the degree of suitability. Factors that prohibit new investments only
within their own area (e.g. railway lines) were not weighted due to their role. During the analysis, this
methodological step provides the most opportunities to shape and fine-tune the process according to
needs. The more experts from different scientific fields the professional team consists of, the more
careful the assessment can be made.

In the RENewland project, these weighting factors were determined iteratively, with the help and
agreement of a wide range of consortium partners (Table 2). Experts from various fields provided the
opportunity to establish rational weightings for the factors. In the project, two separate weightings
and buffer zones were created for wind and sun, respectively, unlike the multiple scenarios proposed
in the HUMEA study.

To determine the weighting factors in Table 2, an Analytic Hierarchy Process (AHP) was used. As
described in the HUMEA report, AHP is a structured method that ranks multiple criteria through
pairwise comparisons, using a scale of relative importance. A consistency ratio (CR < 0.1) ensures the
reliability of these comparisons.

For uniformity, partners adopted a simplified scale: 1-5 for positive comparisons and 1 to 1/5 for
negative ones. This reduced extreme variations while preserving meaningful differences. The weighting
framework was designed to emphasize environmental criteria while maintaining stakeholder
acceptance, and the criteria were grouped into environmental, technical, and socio-economic
categories.

Environmental criteria received the highest weight due to their importance for Renewable Acceleration
Areas (RAAs). Within technical criteria, RES potential ranked highest, followed by proximity to grid
connection points and terrain slope, all essential for feasibility and timely deployment. Socio-economic
criteria reflected the role of RAAs in supporting less-developed regions and improving public
acceptance.

These weightings were tailored specifically for RAAs, where simplified permitting procedures justify
assigning greater importance to environmental considerations.

Spatial data preparation

Even GIS data initially thought to be uniform, in reality differ significantly in their properties. This often
affects the geographical accuracy of the data, the reliability or up-to-datedness of the descriptive data
in the attribute table, or, in the case of raster data, the resolution. For this reason, data from different
sources must be standardized before analyses can be performed. Such tasks included transforming
them in a common projection system, standardizing raster resolution and homogenizing layers (e.g.
treating different national protected area categories as a single category).

The RENewLand project encountered many numerous obstacles of this kind and the preparation was not
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always possible. For certain data »such as land_use and land cover layers, the project team was
forced to give up the high-quality data of a study area and use a pan-European database instead in order

to ensure consistency between study areas.

Defining exclusion criteria for wind and solar in renewable acceleration areas

Once the GIS layers have been prepared, the protective zones and the distance or locality-based
gradual suitability must be defined and the previously developed weight values must be applied to the
appropriate layers. These steps require specialized GIS expertise, so a detailed description will not be
presented here. No-go areas are defined in such a way that if a given location is prohibited based on any
suitability factor, it will remain excluded regardless of how favorable it might appear according to
other criteria. In addition to the prohibited areas, the method also allows to evaluate the areas suitable
for investment based on their suitability, taking into account all factors and their importance. A 0-10-
point scale is used for this, on which low area suitability score values represent less favorable (but not
prohibited) areas, while high scores represent ideal areas for solar or wind energy.

It is important to highlight that all geographical elements within a 1 km radius zone drawn around the
study areas were also taken into account during the study. This is ensuring that factors outside the study
areas, such as the Brasov International Airport (located just outside of the study area), is till having an
impact on the area, without being included in the study. but still having an impact on them, could also
be included in the study.

Determining the suitable area and evaluating the results

The first results have been prepared in both map (see Appendix) and graph forms. The map display
shows excluded areas by omitting pixels, so only areas that are somewhat suitable are displayed with a
red-yellow-green gradient color scale according to the suitability score associated with the given
locations. An example for the results is given in Figure 1.

For the designation of accelerated areas (RAA), project participants recommend areas with a value of
5 and above.

Suggestions for replication of similar site suitability and site selection studies

e The collection of data describing the factors is lengthy and not always effective. In many cases,
data owners are reluctant to provide data, or the competent authorities are slow to process it.
Some data do not exist at all (or the project team has not obtained a source for them), but are
available in other countries. We therefore recommend that the competent authorities and
decision-makers, especially the European Commission, make access to the data possible,
because without this, the designation of facilitated areas cannot be carried out properly and
uniformly throughout Europe.

e The quality of data is of utmost importance. It should be surveyed and produced for all areas,
and kept up-to-date and in a form accessible to experts.

e In many cases, the project team has experienced situations where similar geographical areas
(e.g. forest patches) or processes (bird migrations) and phenomena (settlement social
indicators) are stored in different data formats in different countries, and their resolution,
content and topicality may differ significantly. The application of a uniform methodology also
requires a uniform dataset, which must be converted to comparable formats. The quality of the
data may be damaged during such conversion operations.

e Itisrecommend the employment of GIS experts who are qualified to perform such and similar
tasks, dealing with spatial planning, environmental protection and renewable energy sources,
not only in projects like RENewLand, but also in the authorities competent to perform the task.




1. Study area of Kapuvar micro-region (HU)

Non-irrigated arable land is the predominant land use within the study area situated in the Kapuvar
micro-region, accounting for 82.4% of the study area. The area covers 59,164 hectares. Broad-leaved
forest represents the second largest land cover, covering 13% of the area. Pastures and discontinuous
urban fabric (settlements) constitute around 5-6% of the total land area. Additionally, there is a
noteworthy proportion of transitional woodland-shrub within the study area. The largest contiguous
forest, shrub, and pasture areas are located on the western border of the study area. The remaining
region primarily comprises large arable lands, which are interspersed with settlements and small
patches of forest or pastures.

Regarding wind energy, the proportion of suitable areas is limited, primarily due to the extensive
presence of nature conservation areas. These most suitable zones are dispersed in small patches
throughout the area, mainly within the settlements of Mihalyi, Vadosfa, Beled, Pali, Rdbapordany, and
Egyed (Figure 2a). Overall, suitable areas constitute 4.6% of the study area, with an estimated energy
potential of 541 MW (Table 1). The average suitability score within these areas is lower compared to
other study areas, with the highest concentration of areas receiving a score of 5 out of 10.

Nature conservation areas are primarily situated along the western and northern borders; however,
they are distributed throughout the region in smaller, mosaic-like patches (Figure 3a). In our analysis,
we included a buffer zone around these areas, which significantly limited the number of suitable
locations available for wind turbine installation. In terms of land use, suitable areas include non-
irrigated arable lands and pastures. Specifically, approximately 1396 hectares (2.4%) of arable land
have been identified as suitable, along with an additional 12 hectares of suitable pastures (Figure 4a).

Based on the results of the assessment, the Kapuvar study area demonstrates a significantly higher
proportion of suitable land for solar energy development compared to wind energy. Specifically, 26.5%
of the area, equating to 15,656 hectares, is deemed suitable for solar projects, with an estimated
energy potential of 7828 MW (Table 1). Additionally, areas with suitability scores of 6, 7, and 8 are
more prevalent for solar energy development than for wind energy (Figure 2b). Suitable areas are
scattered in small patches throughout the region, with higher suitability scores observed in the
southern part of the study area.

Due to the smaller buffer zone designated for nature protection areas, the availability of suitable sites
for solar energy installation is greater than for wind energy (Figure 3b). The most suitable areas are
mostly arable land (17.7% of the study area), with a smaller portion (0.2%) of pastures (Figure 4b).

3,9

Non-irrigated arable land
m Broad-leaved forest

Pastures

® Discontinuous urban fabric

742 Transitional woodland-shrub

Figure 1: Land use types of Kapuvdr study area, Hungary (%)
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Figure 2: Site suitability for wind turbine (a) and solar PV (b) investments in the region of Kapuvar,
Hungary
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Figure 3: Most suitable areas for wind turbine (a) and solar PV (b) investments in the region of

Kapuvar, Hungary
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Figure 4: Most suitable areas for wind turbine (a) and solar PV (b) investments and land use in the
region of Kapuvar, Hungary
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Table 1: Statistical data on suitable areas and the estimated wind and solar PV capacity in the Kapuvar
study area, Hungary

Wind Suitability score area [ha] area [%] MW
3 12 0.02 2
4 309 0.52 62

5 988 1.67 198

6 844 1.43 169

7 552 0.93 110

2705 4.6 541

Solar Suitability score area [ha] area [%] MW

4 1263 2.13 632

5 3919 6.62 1960

6 5229 8.84 2615

7 4231 7.15 2116

8 1014 1.71 507

15656 26.46 7828

Results from local stakeholders' discussions in Hungary:

The Hungarian local stakeholder event was held at Répceszemere (a small village located in the study
area where the development of new 650-700 MW wind turbine capacity is planned) in late April 2025.
Notable stakeholder participation included experts from project developer companies, regional
hunting associations, local government representatives, and civil organisations concerned with climate
change. The discussions about the GIS methodology and the practical aspects of new wind and solar
energy developments were outstandingly fruitful.

Stakeholders highlighted significant challenges related to permitting and land use, particularly the
impact of land protection laws on project feasibility. Concerns were raised about the detailed licensing
process, which considers numerous aspects that could hinder project implementation.

Feedback also pointed to logistical challenges stemming from the large size of planned turbines, as
well as the need for coordination regarding connection to the electrical grid. Additionally, the NIMBY
(Not In My Back Yard) phenomenon was noted, with stakeholders expressing support for wind energy
in principle but resistance to having such projects in their immediate vicinity.

Overall, the workshop facilitated valuable dialogue among stakeholders, emphasising the importance
of addressing these challenges for the sustainable development of the region’s energy initiatives. The
main outcomes of the event were that after the designation of RAAs, accurate local validation is
needed. Furthermore, the existing legal framework regarding wind developments is outdated and
causes an additional burden.
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Appendix

Wind turbines

Suitability score

Table 1: Suitability factors, buffer zones and gradual suitability values for Wind turbine and solar PV developments

Distance (m) from / other threshold
Valuable
vegetation

Protected
natural areas

Average wind
speed (m/s)

Spatial density of
bird population (%)

Other built-up
areas

Vineyard and
orchads

Economy
(€/capita, %)

Electricity grid Main roads  Railways Airports Terrain slope (°) Water bodies Wetlands Inhabited areas Arable lands

Excluded areas (0) 0-250 0-250 0-3500 >15 0-500 0-500 0-250 0-1500 0-700 0-250 X

1 10000 < 10000 < <3 80< 1500-1600 80<
2 8000-10000 8000-10000 3-4 13-15 250-300 1600-1700

3 7000-8000 7000-8000 4-5 1700-1800

4 6000-7000 6000-7000 5-6 11-13 79-60 300-350 1800-1900 50-80
5 5000-6000 5000-6000 6-7 1900-2000

6 4000-5000 4000-5000 7-8 9-11 350-400 2000-2100

7 3000-4000 3000-4000 8-9 59-40 2100-2200 X 25-50
8 2000-3000 2000-3000 9-10 5-9 400-450 2200-2300

9 1000-2000 1000-2000 10-11 2300-2400

10 0-1000 250-1000 11< 0-5 0-39 450< 2400< 0-25

—_
Excluded areas (0) 0-50 <50 >15 0-500 0-500 0-250 0-500 X X

1 10000 < 10000 < <1100 500-600 X 80 <
2 8000-10000 8000-10000 1100-1150 13-15 250-300 |600-700

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

4 6000-7000 6000-7000 = 1200-1250 11-13 = 300-350 |800-900 50-80
5 5000-6000 5000-6000 g 1250-1300 g 900-1000

6 4000-5000 4000-5000 g 1300-1350 9-11 g 350-400 |1000-1100

7 3000-4000 3000-4000 B 1350-1400 i 1100-1200 25-50
8 2000-3000 2000-3000 1400-1450 5-9 400-450 |1200-1300

9 1000-2000 1000-2000 1450-1500 1300-1400
10 0-1000 50-1000 1500 < 0-5 450< 1400 < X 0-25

X: Within its own total area
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Table 2: Importance weights of the suitability factors

Wind turbines
Grid connection point
Proximity to roads
Average wind speed
Terrain slope
Spatial density of bird population
Valuable vegetation
Protected natural areas
Preferable land-use areas

Economic indicator

0,096
0,038
0,130
0,047
0,193
0,168
0,195
0,072
0,060

Solar PV

Grid connection point
Proximity to roads

Global horizontal irradiation
Terrain slope

Valuable vegetation
Protected natural areas
Preferable land-use areas

Economic indicator

0,135
0,048
0,104
0,073
0,210
0,249
0,117
0,065
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