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1. Introduction 

The urgent need to transition to cleaner, renewable energy sources has never been greater, 
as fossil fuel consumption continues to drive greenhouse gas emissions and the world faces 
worsening climate impacts. At the same time, a global biodiversity crisis is unfolding ς species 
and habitats are vanishing at alarming rates, and these losses undermine the ecosystems 
humanity relies on for food, water and resilience to climate shocks. The path forward must 
address both challenges in tandem. 

Solar and wind technologies ς mature, low-cost and scalable ς offer a practical route away 
from fossil fuels. Montenegro currently satisfies about 45.5% of its energy needs from 
renewables and has set ambitious targets to reach 50% renewables by 2030 through 
leveraging strong solar and wind potential. While developer interest is high, progress is 
hindered by financing gaps, lengthy permitting processes and grid capacity constraints. These 
challenges risk creating delays or cancellations. These risks are magnified when projects 
intersect with other land uses and values. 

As a Contracting Party to the Energy Community and a European Union (EU) accession 
candidate, Montenegro is committed to aligning national law with the EU energy, 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŎƭƛƳŀǘŜ ŀŎǉǳƛǎΦ ¢ƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ǊŜǾƛǎƛƻƴ ƻŦ ǘƘŜ 9¦Ωǎ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ 
Directive (RED) introduced the concept of Renewables Acceleration Areas (RAAs) ς 
designated zones intended to speed up the rollout of renewable energy projects. Within 
RAAs, projects are presumed to have limited environmental impact, allowing them to bypass 
full environmental impact assessments and benefit from simplified and faster permitting 
processes. Under the revised RED, artificial and built surfaces should be prioritized for RAA 
designation, ensuring that greenfields remain available for other uses to the greatest extent 
possible.  

To support the RAA implementation process in Montenegro and help the country achieve its 
renewable energy targets while preserving its status as an ecological state, The Nature 
Conservancy (TNC) and Eco-team launched the Montenegro Energy Growth and Acceleration 
όa9D!ύ ǇǊƻƧŜŎǘ ƛƴ hŎǘƻōŜǊ нлнпΦ LƳǇƭŜƳŜƴǘƛƴƎ ¢b/Ωǎ ǎƳŀǊǘ ǎƛǘƛƴƎ ŀǇǇǊƻŀŎƘΣ a9D! Ƙŀǎ 
developed a low-conflict solar and wind siting scenario for the entire country by mapping the 
highest-priority areas for solar and wind development that minimize environmental and social 
ƛƳǇŀŎǘǎΦ ¢Ƙƛǎ ƛƴƛǘƛŀǘƛǾŜ Ŧƻƭƭƻǿǎ ŀ Ǉƛƭƻǘ ƳŀǇǇƛƴƎ ǇǊƻƧŜŎǘ ƻŦ ǘƘŜ bƛƪǑƛŏ ƳǳƴƛŎƛǇŀƭƛǘȅΣ ǿƘƛŎƘ 
demonstrated substantial low-conflict solar and wind potential and highlighted the value of 
data-driven planning for reducing the risk of project delays. 

Key national institutions across the energy, spatial planning, environment and financial 
sectors have supported the MEGA study through data sharing and participation in the 
projeŎǘΩǎ ŀŘǾƛǎƻǊȅ ŎƻƳƳƛǘǘŜŜΦ The resulting maps provide a practical planning tool for 
stakeholders at all levels ς from developers and grid operators to financial institutions and 
decision-makers ς and can inform permitting decisions, investment prioritisation, and 
national energy generation and grid planning processes. 
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This document aims to present the methodology used to map the optimal areas for 
development of solar1 and wind power plants in Montenegro, taking into account legal, 
technical, environmental, cultural and socio-economic aspects.  

For the purpose of identifying optimal locations for the development of solar power plants 
and wind farms, the methodology starts from the legal and biophysical constraints on land 
use, thereby first identifying the areas that cannot be used for this purpose. Raw potential is 
defined by global solar irradiation, average wind speed and wind continuity. However, 
experience derived from the development of renewable energy source (RES) projects in 
Montenegro proved the great importance of infrastructure availability at the site, especially 
related to power grid connection. Therefore, the methodology considers the availability of 
the power grid (location, capacity), roads and electricity consumption centres in order to 
estimate development potential. Five relevant criteria have been adopted to evaluate the 
development potential of solar and wind power resources. The main results are development 
potential maps for solar and wind power where the level of potential is classified as: 
ǒ Very low; 
ǒ Low; 
ǒ Medium; 
ǒ High. 

After evaluating solar and wind resource availability with respect to legal and technical 
circumstances, the intensity of land-value conflicts caused by the construction and operation 
of solar power plants and wind farms is analysed and evaluated.  

The methodology was developed based on the available georeferenced data covering: 
ǒ Natural values; 
ǒ Cultural values; 
ǒ Socio-economic values. 

These values were further differentiated through seven separately analysed criteria, which 
were then evaluated according to the proposed algorithm and finally combined into a 
resulting map showing the intensity of conflicts, categorised as: 
ǒ Low conflict; 
ǒ Medium conflict; 
ǒ High conflict. 

By cross-referencing the results with maps that represent the development potential, the 
final maps clearly identify optimal locations for the construction of solar power plants and 
wind farms, taking into account both the availability of resources and the low conflict level. 
In this way, a foundation is created for managing the development of renewable energy 
sources in a sustainable manner. 

The following chapters present the available data, data sources and the algorithm used for 
analysing and evaluating the selected criteria, as well as for their integration and the creation 
of the final conflict maps. 

 
1 Solar power in this document refers to photovoltaic (PV) solar power plants. 
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2. Input data 

The application of the methodology involves the use of a broad set of data of different formats and 

from a large number of sources. This affects data reliability, making it necessary to process and 

validate the data before applying the methodology. Since the final result is a map, the foundation of 

the data consists of georeferenced datasets from various fields that comprehensively cover all desired 

aspects: legal constraints, technical potential (availability of solar and wind resources, biophysical 

constraints, grid and road infrastructure), the environment, culture and socio-economic aspects. The 

following data were used: 

ǒ Basic maps 
o Topographic maps (1:25,000 and 1:50,000) 
o Orthophoto imagery 
o Web-accessible basemaps 
o Digital Elevation Model (DEM) 

ǒ Legally defined constraints of space usage converted into maps 
o Transmission grid (110 kV, 220 kV and 400 kV, existing and planned) 
o Distribution grid (35 kV) 
o Substations 
o Existing and planned road infrastructure 
o Railways 
o Zones of sanitary protection 
o Rivers 
o Lakes 
o State borders 
o Protected areas 
o Areas of cultural and historical significance 
o Areas of touristic significance 
o Telecommunication infrastructure 
o Settlements 
o Airports 
o Areas of military interest 

ǒ RES potential maps 
o Global solar irradiation (250x250 m resolution)2 
o Average wind speed and continuity at an altitude of 100 m (50x50 m resolution)3 

ǒ Natural values 
o Legally protected areas in the third protection zone (National Parks, Nature Parks, 

Natural Monuments, etc.) 
o Emerald Network areas 
o Important Bird and Biodiversity Areas (IBA) and Special Protection Areas (SPA) 
o Ramsar wetlands 
o Proposed Natura 2000 Type A and B habitats, and Natura 2000 priority habitats for 

the EU 
o Areas proposed for protection 
o Bat-relevant habitats 

ǒ Cultural values 
o Religious sites 
o Potential cultural heritage sites 

 
2 https://globalsolaratlas.info/  
3 https://map.neweuropeanwindatlas.eu/ 

https://globalsolaratlas.info/
https://map.neweuropeanwindatlas.eu/
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ǒ Socio-economic values 
o Settlements designated as urban areas (based on the Spatial Plan of Montenegro) 
o Other/rural settlements (based on the OSM/Google Maps), including: 

ǐ Settlements within the areas of special purpose spatial plans (referring to 
coastal zones and national park territories) 

ǐ Settlements outside the areas of special purpose spatial plans  
o Tourist-recreational areas (ski resorts) 
o Agricultural land (arable land, meadows and pastures) 
o Forest land (high forests, types of coppice forests, shrubland, barren land)4 
o Web-available data related to landscape values (Flickr API) 

All data were converted into SHP format. The available datasets come in different formats and require 

varying levels of additional processing prior to use. The data sources are: 

ǒ Ministry of Agriculture, Forestry and Water Management 

o Agricultural land and its classification data 

o Forest land and its classification data 

ǒ Ministry of Ecology, Sustainable Development and  Northern Region Development 

o Data regarding natural values 

ǒ Ministry of Energy and Mining 

o Data regarding mining sites 

ǒ Ministry of Spatial Planning, Urbanism and State Property 

o Spatial data for land-use planning at the national and local level (after data processing, 

some of this was assessed as having a low level of accuracy or reliability and other 

specific ministries had to be contacted to attain better data) 

ǒ Ministry of Tourism 

o Data on zones designated for tourism purposes 

ǒ Environmental protection agency 

o Data regarding natural values 

ǒ Administration for managing forests and hunting grounds 

o Forest land and its classification data 

ǒ Real estate administration 

o Part of the data on land use designation 

ǒ Water administration 

o Data regarding water sources, water bodies and watercourses 

ǒ Administration for protection of cultural property 

o Cultural values data 

ǒ Railway authority ς government of Montenegro 

o Railway infrastructure data 

ǒ Transmission system operator 

o Transmission grid infrastructure and development plans 

ǒ Distribution system operator 

o Distribution grid infrastructure and development plans 

The applied spatial resolution and the use of available national and international databases 

correspond to the strategic level of analysis and make it possible to identify broader zones of potential 

conflict. At the same time, spatial generalisation and the uneven frequency of updates for certain 

 
4 Data from the competent ministry were used here, as well as publicly available web data (Copernicus Land 

Monitoring Service). 
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input layers limited the possibility of precise ecological interpretation at the micro-location level. 

Therefore, the results should be interpreted as an indicative framework that requires additional 

spatial analyses and field verification during the project phases. Particularly noteworthy here are the 

data on forests, settlements and valuable landscapes. For the purpose of sustainable land-use 

planning, it is necessary to update the forest cadastre, as well as to prepare landscape studies where 

specific micro-locations are concerned. 
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3. Algorithm 

The methodology is represented by the following steps: 

ǒ Step 1: Create constraint maps 

o Identification of legal, biophysical or resource constraints for RES development; 

o Exclusion of non-suitable areas. 

ǒ Step 2: Create development potential maps 

o Calculation of potential resource yield; 

o Estimation of potential resource development suitability based on potential resource 

yield and feasibility criteria (e.g proximity to major roads, power lines and 

consumption centres, availability of power grid connection capacity). 

ǒ Step 3: Create conflict maps 

o Selection of criteria 

ǐ Selection of sensitivity (conflict-intensity) criteria based on available 

georeferenced data; 

ǐ Selection of sub-criteria within each criterion, where applicable (depending 

on data availability). 

o Evaluation of individual criteria 

ǐ Depending on the type of available georeferenced data (point or polygon) and 

their relevance to the observed criterion, buffer zones are selected for each 

criterion (for each criterion, available data and practical experience are 

analysed, based on which the buffer zones are proposed); 

ǐ A score is defined for each zone. A scoring range from 0 to 5 is adopted, where 

a score of 0 means that there is no expected negative impact for the observed 

criterion and a score of 5 means that there is a likely high negative impact, i.e. 

a high conflict intensity regarding the construction of solar power plants and 

wind farms in relation to the observed criterion. It should be emphasised that, 

due to differing data availability and the varying nature of the criteria, not all 

scores within the proposed range necessarily need to be used (at minimum, 

scores 5 and 0 are used). 

o Combining the criteria to create the resulting conflict map 

ǐ Selection of weighting coefficients used to assess the relative importance of 

the criteria; 

ǐ Application of the formula that combines the conflict-intensity scores by 

criterion with the selected weighting coefficients. 

ǒ Step 4: Combining conflict maps and development potential maps 

o Combining zones evaluated as low conflict zones with development potential maps; 

o Filtering of isolated small areas; 

o Calculation of areas assessed as having high and medium development potential and 

estimation of potential. 

3.1 Constraint maps 

Areas which are not suitable for wind and solar siting should be identified and excluded from further 

analysis. Constraints which can lead to the exclusion of certain zones include the following: 

ǒ Legal ς National legislation which regulates nature protection, infrastructure development, 

spatial planning and other relevant sectors can prohibit or restrict RES installation in some 

areas. Such areas may include national parks, strict reserves and other categories of protected 
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areas where economic activities and any other activities which do not contribute to 

biodiversity conservation are prohibited. 

ǒ Existing infrastructure ς Settlements (in urban and rural areas) and corridors along or around 

built infrastructure such as power lines, existing power plants, roads and airports are also not 

suitable for RES installation. 

ǒ Biophysical ς The slope and orientation of the terrain is important for planning future RES 

projects (steeper slopes affect the complexity of the planned power plant). Certain types of 

land cover and features (e.g. rivers and lakes) are not suitable for RES installation. 

ǒ Economic constraints ς Average wind speeds and wind constancy are the basic measures of 

the availability of the raw energy potential of a given area, and based on experience from 

previous studies as well as from the development of wind power projects, lower thresholds 

for these values have been adopted as the benchmark for the economic feasibility of a project. 

An overview of constraints for RES suitability mapping is given in Table 3.1. The boundaries of specific 

areas/zones (e.g. protected areas, touristic/recreational zones and military zones) define the areas 

that are excluded from further analysis for suitability of RES development due to legal constraints. 

There are no legal provisions requiring additional zones around excluded areas where construction of 

solar power plants (SPP) and wind power plants (WPP) is forbidden. According to national regulations, 

there is no defined protection zone around cultural, historic and religious sites that would prohibit 

construction of SPP and WPP in their proximity. 

Table 3.1 Overview of constraints for RES suitability mapping 

Constraints  Excludes 
Size of the 

buffer 
Unit Legal basis Explanation/Note 

Legal constraints  

Protected areas according to national legislation where construction is prohibited (IUCN categories); Areas designated as 
cultural heritage areas and archaeological sites; Specially designated areas (military zones, touristic and recreational zones 
(hotels, touristic settlements, camps, open air sport facilities)) 

Protected areas feature 0 m 

Law on nature 
protection ("O.G 
of 
Montenegro", 
No. 54/2016 and 
18/2019) 

Construction of facilities is forbidden in 
the first and second protection zone of 
the protected areas in accordance with 
Article 31 of the Law. 

Cultural, historic 
and spiritual sites 

feature 0 m 

Law on cultural 
goods 
protection ("O.G 
of 
Montenegro", 
No. 49/2010) 

In accordance with Article 4 of the Law, 
actions and activities that can change the 
appearance, property, personality, the 
meaning or significance of cultural 
property should be prevented. 

The protection zone adjacent to the 
cultural good is not defined. It will be 
further analysed as part of social/cultural 
values mapping. 

 

The majority of sites are available as 
points without buffer zones defined. 
However, there are some protected areas 
which will be included. 

Recreational areas feature 0 m Spatial plan 
In accordance with the spatial plan the 
purpose of the zone is recreation.  
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Constraints  Excludes 
Size of the 

buffer 
Unit Legal basis Explanation/Note 

  Touristic zones feature 0 m Spatial plan 
In accordance with the spatial plan, the 
purpose of the zone is the development 
of tourism.  

  Military zones feature 0 m  

Law on Defence 
("O.G of 
Montenegro" 
No. 47/2007, 
88/2009, 
14/2012, 
2/2017, 
46/2019) 

Article 44 of the Law prohibits access to 
military facilities and facilities designated 
as facilities of special importance for 
defence, as well as construction in the 
zones adjacent to these facilities, 
without the consent of the Ministry. 

The width of the zone adjacent to 
defence facilities is not specified. 

Current Infrastructure 

Settlements (in urban and rural areas) and corridors along or around infrastructure such as power lines, roads and airports 

 
Settlements/Buildin
gs 

feature 0  Spatial plan 

In accordance with the spatial plan, 
settlement areas are characterised by a 
high population density and a built 
infrastructure environment which is not 
suitable for larger SPP/WPP.  

 

Rural settlements are not taken into 
account due to low data reliability. 

  Roads 
   

Law on Roads 
("O.G of 
Montenegro" 
No. 82/2020) 

In accordance with Article 92 of the Law, 
the width of the protection zone in 
which mines and quarries, construction 
of lime and brick quarries, extraction of 
gravel and sand, construction of gravel 
pits or clay pits, construction of industrial 
buildings and facilities, as well as similar 
facilities cannot be carried out without 
the consent of the administration or 
local administration authorities is: 60 
meters next to highways, expressways 
and main roads; 40 meters next to 
regional roads; and 20 meters next to 
municipal roads, measured from the 
outer edge of the road strip. 

 

All existing road infrastructure and 
future highway corridors are taken into 
account. 

    Highways 
feature + 

buffer 
60 m 

    Major 
feature + 

buffer 
40 m 

    Minor 
feature + 

buffer 
20 m 

  Airport (airfield) feature 0 m 

 

Law on Air 
¢ǊŀŦŦƛŎ όάhΦD ƻŦ 
aƻƴǘŜƴŜƎǊƻέ 
No. 30/2012) 

In accordance with Article 44 of the Law, 
construction and installation of aviation 
obstacles on the territory of the airport, 
including facilities and technical means 
of air navigation, construction and 
installation of aviation obstacles outside 
the airport area which may affect the 
safety of air traffic, as well as their 
marking and maintenance, is carried out 
in accordance with the decision of the 
Ministry. 

The protected zone outside of the 
airport area is not specified. 
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Constraints  Excludes 
Size of the 

buffer 
Unit Legal basis Explanation/Note 

  Railways 
feature + 

buffer 
25 m 

Law on Railway 
("O.G of 
Montenegro" 
No. 27/13 and 
43/13) 

In accordance with Article 4 of the Law, 
ǘƘŜ άƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ȊƻƴŜέ ƛǎ ŀ ȊƻƴŜ ƻƴ 
both sides of the railway, to a width of 
25 m, counting from the axis of the end 
tracks, which serves for the use, 
maintenance and technological 
development of railway infrastructure. 

Power lines    

Rules for 
construction of 
transmission 
and distribution 
powerlines 

Transmission line (400 kV, 220 kV and 110 
kV) ς The protection zone on both sides is 
in relation to the vertical projections of 
the end conductors. 

 

Distribution line (35 kV) - The protection 
zone on both sides is in relation to the 
vertical projections of the end 
conductors. 

    Transmission 
feature + 

buffer 

40 (400 kV) 

30 (220 kV) 

25 (110 kV) 

m 

    Distribution feature + 
buffer 

10 (35 kV) m 

Power plants (wind, 
solar) 

feature 0 m Spatial plan 
Locations of existing WPPs and SPPs and 
those with issued construction permits 
are given in the form of zones (polygon). 

Radio/cell towers 
(wind only) 

feature + 
buffer 

200 m 

Rulebook on the 
width of 
protection 
zones and types 
of radio 
corridors in 
which the 
planning and 
construction of 
other facilities is 
not allowed 

The rulebook defines sizes of protection 
zones depending on the type, power and 
frequency of the radio centres which are 
relevant for construction of wind power 
plants.  

Biophysical constraints 

Slope of the terrain, elevation; River network, borders of basins and sub-basins, water springs and water sanitation zone; 
Land use 

 Slope of the terrain 
values 
above 

    

PV 
values 
above 

10 degrees 
  

Wind 
values 
above 

15 degrees 
  

Water  
feature + 

buffer 
15 m 

Water 
Resources Law 
("O.G of 
Montenegro" 
No. 27/2007 
32/2011) 

In accordance with Article 10 of the Law, 
coastal land is a zone of land 15 m wide 
for waters of state importance and 10 m 
for waters of local importance from the 
border of the water land. As a rule, this 
serves for the maintenance of protective 
structures and troughs for large water 
bodies and other activities in water 
management. 

 

Lakes 
feature + 

buffer 
15 m 

Rivers 
feature + 

buffer 
15 m 
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Constraints  Excludes 
Size of the 

buffer 
Unit Legal basis Explanation/Note 

Also, the first and second sanitary 
protection zones around water sources 
are included. 

Economic 
constraints 

     

Average wind 
speed (w) 

values 
below 

4 m/s 
 

 A wind speed below 4 m/s is recognised 

as an indicator of low wind potential for 

power plant development (non-feasible). 

Wind continuity (k) 
values 
below 

1.2  

 The measurement k is a shape factor of 

Weibull wind distribution. Higher k 

corresponds to stable wind and more 

reliable wind production estimates.  

In practical terms, selected constraints are mapped and converted to raster datasets (Figure 3.1) at a 

resolution of 28x28 m using the nearest neighbour resampling technique, and then combined to 

produce a binary dataset identifying RE suitability (i.e., 0-unsuitable and 1-suitable).  
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Figure 3.1 Areas with legal restrictions on the construction of energy facilities 

This RE suitability map is then refined for both solar and wind based on slope and resource 

requirements. In addition to zones excluded due to legal and infrastructural constraints, areas with 

terrain slopes greater than 10° for solar power plants and 15° for wind power plants are also excluded 

from further analysis, due to the impact that steeper slopes may have on land-use efficiency and the 

complexity of facility construction (Figure 3.2 and Figure 3.3). 

 

tƻŘǊǳőƧŀ ǎŀ ȊŀƪƻƴǎƪƛƳ ƻƎǊŀƴƛőŜƴƧŜƳ 
Areas with legal restrictions 
 
Granica Crne Gore 
State border of Montenegro 

Legenda/Legend: 
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Figure 3.2 Map of areas excluded as candidates for wind power plant development due to biophysical 

constraints, i.e. slope of terrain more than 15° 
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Figure 3.3 Map of areas excluded as candidates for solar power plant development due to biophysical 

constraints, i.e. slope of terrain more than 10° 

3.2 Development potential maps 

RES development potential is assessed based on reliable data on solar irradiation, wind speed and 

wind continuity. As mentioned earlier, global atlas data are used for global horizontal irradiance (GHI), 

mean long-term microscale wind speed at 100 m height (w) and Weibull k parameter of the long-term 

microscale wind distribution. There are additional technical criteria which are recognized as important 

ŦƻǊ ǊŜƭƛŀōƭŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀƴ ŀǊŜŀΩǎ w9{ ǇƻǘŜƴǘƛŀƭΥ 

ω Grid connection capacity, 

ω Distance from transmission/distribution lines, 

ω Distance from consumption centres and 

ω Distance from roads. 
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Since all of the mentioned criteria are not of the same importance, it is necessary to estimate their 

weight. This is done by conducting meetings with experts from the field (governmental institutions 

from the energy sector, private investors, project developers, etc.) and through interviews. 

The algorithm for development potential assessment can be presented by the following equation: 

ὖ ύ ὋὌὍ ύ ὅὥὴ ύ ὖὋὈ ύ ὅὅὈ ύ ὙὈ ς solar 

ὖ ύ ὡὖ ύ ὅὥὴ ύ ὖὋὈ ύ ὅὅὈ ύ ὙὈ ς wind 

ὡὖ ύ Ὧ 

Where, 

P ς quantification of total technical RES development potential (values from 0 to 1 interval) 

GHIn ς global horizontal irradiation normalised by maximum value (values from 0 to 1 interval) 

WPn ς product of average wind speed and factor k normalised by maximum value (values from 0 to 1 

interval) 

Capn ς grid capacity normalised by maximum value (values from 0 to 1 interval) 

ὅὥὴ πȢςȟὅὥὴρππ ὓὡ πȢφȟρππ ὓὡ ὅὥὴυππ ὓὡ ρȟὅὥὴυππ ὓὡ  ς transmission 

power grid5 

ὅὥὴ ρȟὅὥὴυ ὓὡ πȟὖὋὈυ ὓὡ  ς distribution power grid6 

It is important to emphasise that the value of Cap is determined by a detailed methodology7 

(developed for the purposes of this study) and model for analysing the capacity of Montenegro's 

existing transmission grid and planned expansions. The aim of the methodology is to ensure the grid's 

ability to reliably accommodate current demands, integrate renewable energy sources and meet 

projected growth requirements. Special attention is given to the unique characteristics of 

Montenegro's energy mix, geographic conditions, and strategic goals for renewable energy integration 

and cross-border energy exchange. 

 

 
5 In the area around transmission grid nodes with radius of 10 km.  
6 In the area around 35 kV grid nodes with radius of 5 km. 
7 Methodology for grid modelling, TNC, 2025. 
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Figure 3.4 Global Horizontal Irradiance 
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Figure 3.5 Wind speed 
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Figure 3.6 Wind variability (Weibull k factor) 
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Figure 3.7 Resulting map with values of Capn ς Criterion Power grid capacity (transmission grid)8 

 
8 The presented grid capacity locations are determined according to the methodology from appendix (5.1). 

 

YŀǇŀŎƛǘŜǘ ƳǊŜȌŜ 

Grid capacity  

Granica CG  
State border  



Methodology for preparation of low-conflict maps for solar and wind power plant development in Montenegro 

24 
 

 

Figure 3.8 Resulting map with values of Capn ς Criterion Power grid capacity (distribution grid)9 

 

PGDn ς distance from power grid normalised by maximum value (values from 0 to 1 interval) 

ὖὋὈ ȟὖὋὈρπ Ὧά πȟὖὋὈρπ Ὧά  ς transmission power grid 

ὖὋὈ ȟὖὋὈυ Ὧά πȟὖὋὈυ Ὧά  ς distribution power grid 

 
9 The presented grid capacity locations are determined according to the methodology from appendix (5.1). 

 

Granica CG  
State border  
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Figure 3.9 Resulting map with values of PGDn ς Criterion Distance from power grid (transmission grid) 

 

Granica CG  
State border  



Methodology for preparation of low-conflict maps for solar and wind power plant development in Montenegro 

26 
 

 

Figure 3.10 Resulting map with values of PGDn ς Criterion Distance from power grid (distribution grid) 

 

CCDn ς distance from consumption centres normalised by maximum value (values from 0 to 1 interval) 

ὅὅὈ
ςπὅὅὈ

ςπ
ȟὅὅὈςπ Ὧά πȟὅὅὈςπ Ὧά  

Granica CG  
State border  
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Figure 3.11 Resulting map with values of CCDn ς Criterion Distance from consumption centres 

RDn ς distance from road infrastructure normalised by maximum value (values from 0 to 1 interval) 

ὙὈ
ρπὙὈ

ρπ
ȟὙὈ ρπ Ὧά πȟὙὈ ρπ Ὧά  

 

Granica CG  
State border  
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Figure 3.12 Resulting map with values of RDn ς Criterion Distance from road infrastructure 

wi ς weighting factors for all criteria (Table 3.2) 

Table 3.2 Weighting criteria 

Weighting factor Description Value 

w1 Solar/Wind resource  0.188035842 

w2 Distance from power grid 0.239625583 

w3 Power grid capacity 0.372013738 

w4 Distance from consumption centres 0.093687873 

w5 Distance from road infrastructure 0.106636964 

 

Granica CG  
State border  
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Weighting factors were determined using the Analytic Hierarchy Process10 method from structured 

survey results with a sample size of n=14 energy sector experts. The survey asked experts to rank the 

importance of different factors on a Saaty scale. The individual preferences of each expert were 

calculated as dominant eigenvectors and aggregated as normalised mean values to calculate the final 

weighting factor. Factors related to the distribution power grid are defined differently than the 

respective factors for the transmission grid due to their significant differences with respect to power 

grid capacity and feasible connection distance: 

ω The typical maximum connection capacity of the 35 kV distribution grid in Montenegro is 5 

MW. 

ω The typical connection capacity of the transmission grid in Montenegro starts from 50 MW 

and can be over 1000 MW (400 kV grid). 

ω A connection distance over 5 km is highly questionable in terms of feasibility in the case of 

connection to the distribution grid. On the other hand, this distance is deemed as small when 

connection to the transmission grid is in question. 

When it comes to the electric power grid infrastructure of Montenegro, it should be emphasised that 

georeferenced data were available for the entire transmission grid and for the distribution grid at the 

35 kV voltage level. Since these are technically very different networks in terms of purpose, 

configuration, geographical coverage, operating characteristics, reliability and capacity, it is clear that 

they must be considered separately with regard to the potential for connecting new renewable energy 

sources. 

Put simply, the transmission grid can accommodate significantly larger power plants. (Given the 

ŎǳǊǊŜƴǘ ǎǘŀǘŜ ƻŦ aƻƴǘŜƴŜƎǊƻΩǎ ǇƻǿŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǘƘŜ ǎƳŀƭƭŜǎǘ Ǉƭŀƴǘ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ 

grid is at least ten times larger than the largest plant connected to the distribution network.) As a 

result, the analysis of development potential was carried out completely separately for small solar 

power plants (connected to the distribution grid) and large solar power plants (connected to the 

transmission grid). 

Additionally, connecting small power plants to the transmission grid is financially unfeasible because 

the cost of the grid connection would be significantly higher than the cost of constructing the power 

plant itself. By conducting a separate analysis of the development potential for small and large power 

plants, a more comprehensive approach is achieved. This is especially relevant given that at present 

active efforts in Montenegro are focused on the construction of small solar power plants (several small 

plants have already been built, and several more are under construction). 

Taking all this into account, it was necessary to apply different weighting factors related to power grid 

capacity and distance. 

Also, due to the limited grid capacity of the distribution power grid, wind potential valorisation is 

evaluated only for connection to the transmission grid. 

After evaluating all the above-mentioned variables using input data from chapter 2, final equations 

for development potential can be calculated (solar and wind potential). The calculation is performed 

for each georeferenced pixel from the input map (Figure 3.10, Figure 3.11). As mentioned earlier, total 

development potential (P) takes values from an interval of 0 to 1 where a higher value means higher 

RES potential. The final result is two maps of development potential (solar and wind). The maps are 

 
10 Saaty, R.W., 1987. The analytic hierarchy processτwhat it is and how it is used. Mathematical modelling, 9 

(3-5), pp.161-176. 
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made more observable by defining of four potential level categories (Figure 3.12, Figure 3.13 and 

Figure 3.14): 

ω Solar potential 

o Very low potential ς ὖ πȢς 

o Low potential ς πȢς ὖ πȢτ 

o Moderate potential ς πȢτ ὖ πȢψ 

o High potential ς ὖ πȢψ 

ω Wind potential 

o Very low potential ς ὖ πȢς 

o Low potential ς πȢς ὖ πȢτ 

o Moderate potential ς πȢτ ὖ πȢχ 

o High potential ς ὖ πȢχ. 

The threshold for high development potential varies slightly between solar and wind projects. The 

reason is that wind potential is characterised by higher energy production for the same installed 

power when compared to solar potential. Therefore, more demanding grid connection conditions that 

would be acceptable for wind power generation projects can be less feasible for solar power 

generation projects. 
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Figure 3.13 Resulting map of development potential after combining all criteria and map with excluded areas ς 
wind development potential  
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Figure 3.14 Resulting map of development potential after combining all criteria and map with excluded areas ς 
solar development potential 
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Figure 3.15 Solar power development potential ς transmission grid 
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Figure 3.16 Solar power development potential ς distribution grid 
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Figure 3.17 Wind power development potential ς transmission grid 
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3.3 Conflict maps 

After analysing and processing the available georeferenced data, the following criteria and sub-criteria 

were identified: 

ǒ Areas of ecological value 

o Legally protected areas in the third protection zone (National Parks, Nature Parks, 

Natural Monuments) 

o Emerald Network areas 

o IBA and SPA 

o Ramsar wetlands 

o Proposed Natura 2000 Type A and B habitats, and Natura 2000 priority habitats for 

the EU 

o Areas proposed for protection 

o Habitats significant for bats 

ǒ Agricultural land 

o Arable land 

o Meadows 

o Pastures 

ǒ Forests 

o High forests 

o Coppice forests 

o Shrublands 

o Barren land 

ǒ Settlements 

o Urban and rural settlements within areas of special purpose spatial plans (coastal 

zone and national parks) 

o Other urban and rural settlements 

ǒ Tourism and recreational areas 

o Ski resorts 

ǒ Landscape-valuable areas 

ǒ Cultural and historical heritage 

o Religious sites 

o Potential cultural heritage sites 

It should be emphasised that for each of the criteria, a separate map was created showing the intensity 

of conflict related to the construction of solar power plants and wind farms in relation to the 

respective criterion. Essentially, this means that every unit area on the map has a quantified conflict-

intensity score in accordance with the previously mentioned rating scale (ranging from 0 to 5). 

3.3.1 Evaluation of Criteria 

Evaluation of the level of conflict for each criterion is carried out independently of the other criteria. 

The scoring is defined based on the type of available data, the importance of the data and experiences 

from renewable energy project development in Montenegro, the region and the EU. Conflict-level 

scores are separately assigned to the zones on the map for each criterion, using a scale from 0 to 5. 

The zones are selected by using the available georeferenced data for each criterion, presented as 

polygons. For example, where information was available on areas that could potentially be protected 

(in some stage of the procedure but without a final decision), the highest conflict-intensity score was 
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assigned. In areas where such information was not available, buffer zones were applied, each assigned 

a different conflict-intensity level.  

Table 3.1 provides an overview of the scoring approach for all criteria. The following sections present 

the explanations for the selection of sensitivity levels for each criterion. 

Areas of ecological value 

In this case, georeferenced layers in polygon (zone) format were available, some of which are 

recognised by law as sensitive, although construction is not prohibited. Some of the zones (Emerald, 

Natura) are in the process of being granted protected status.  

Agricultural land 

After processing all available data, all datasets were grouped into three categories: arable land, 

meadows and pastures, and ratings were assigned as shown in Table 3.1. The highest conflict intensity 

was assigned to arable land, for which data were available on fields, greenhouses, plastic tunnels, 

orchards, vineyards, olive groves and mixed plantations.  

For fields, the installation of solar power plants would lead to a significant loss of this land type and 

ǘƘŜ ǇƭŀƴǘǎΩ ǎƘŀŘƛƴƎ ǿƻǳƭŘ ŀŘǾŜǊǎŜƭȅ ŀŦŦŜŎǘ ǇǊƻŘǳŎǘƛǾƛǘȅΦ ²ƛƴŘ ǇƻǿŜǊ Ǉƭŀƴǘǎ Ƴŀȅ ŀƭǎƻ ŀƭǘŜǊ ǘƘŜ 

microclimatic conditions of surrounding fields. Overall, fields are assessed as highly sensitive, 

particularly due to the fragmentation of plots and their small share in the total agricultural land area. 

Changes in microclimatic conditions also affect other types of arable land. The impacts of solar power 

plants on air temperature and humidity are evident in that they affect the stability of greenhouse 

production, vineyards, olive groves and other plantations, while wind power plants can affect 

pollination and yield. 

Meadows have both ecological and economic functions. Shading (solar power plants) may reduce their 

value for grazing, so they are assessed as moderately sensitive. Additional analysis is needed, as field 

conditions may differ from cadastral data. The impact of wind power plants may be reflected in 

microclimate changes and the accessibility of meadows. They are considered moderately sensitive, 

and the actual impact can be evaluated through studies on specific locations. 

Shading (solar power plants) of pastures may reduce their usability. Due to the large areas they occupy 

within the overall agricultural land structure, they are assessed as having low sensitivity. Wind power 

plants may affect microclimate and water availability. They are assessed as low-sensitivity areas. 

Forests 

Georeferenced Řŀǘŀ ŦƻǊ ŦƻǊŜǎǘǎ ōȅ ŎƭŀǎǎŜǎ ŀǊŜ ƴƻǘ Ŧǳƭƭȅ ŀǾŀƛƭŀōƭŜ ƛƴ aƻƴǘŜƴŜƎǊƻΩǎ ƻŦŦƛŎƛŀƭ ǎǇŀǘƛŀƭ 

planning documentation. Reliable data by forest classes are available only for economically viable 

forests. In order to cover the entire territory of Montenegro, it was necessary to use an additional 

source of data. Following the recommendations of the competent ministry, web-available data from 

the Copernicus Land Monitoring Service were used. By combining these data sources, georeferenced 

data for more than 200 forest management classes were obtained. After analysing all the data, a 

categorisation was carried out for the purpose of evaluating the level of conflict: 

ǒ High forests 

ǒ Certain types of coppice forests 

ǒ Certain types of coppice forests and shrublands 

ǒ Barren land 
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ǒ Areas that are spatially shown in official data as forest land, for which no more detailed 

information exists 

The conflict levels were assigned to the listed categories as presented in Table 3.1. 

Settlements 

¢ƘŜ ǎǇŜŎƛŦƛŎƛǘȅ ƻŦ aƻƴǘŜƴŜƎǊƻΩǎ ǎǇŀǘƛŀƭ ǇƭŀƴƴƛƴƎ ǎȅǎǘŜƳΣ ǿƘƛŎƘ ǊŜŎƻƎƴƛǎŜǎ ǎǇŜŎƛŀƭ ǇǳǊǇƻǎŜ ŀǊŜŀǎ 

(national park areas and the territory of the six coastal municipalities)11, was taken into account in the 

sensitivity analysis. The analysis covered all settlements, both urban settlements for which official 

georeferenced data exist and rural settlements for which no official georeferenced data are available 

(for the latter, OSM and Google Maps were used). Construction areas outside settlements were not 

taken into consideration. Due to the lack of data, areas important for traditional agricultural practices 

(katuns) were not included. 

The potential impacts of solar power plants and wind farms on settlements ς ǘƘŀǘ ƛǎΣ ƻƴ ǇŜƻǇƭŜΩǎ 

quality of life and on economic activity, as well as on the functionality and attractiveness of 

recreational areas ς were considered. Available information on distancing requirements applied in EU 

countries and in similar studies was also reviewed. 

The proposed buffer zones were differentiated depending on the type of area in which the settlement 

is located. Larger buffer zones were applied in special purpose areas due to their higher sensitivity and 

the need to preserve their natural characteristics, which form the basis for income generation and 

community development. The proposed buffer zones for settlements were also differentiated 

depending on the type of RES facility (solar power plants or wind farms). 

The distances applied in this study are of a general nature and are intended to guide RES development 

towards the most suitable locations. During the development and construction of specific projects, 

smaller or larger protective zones than those recommended in the study may be determined through 

environmental impact assessments, depending on specific conditions. 

The objectives of rural development and the need to preserve landscapes, particularly in special 

purpose areas, were taken into account when defining recommendations for applying different buffer 

zones. When determining buffer zones, some of the inputs gathered during public participation 

ƳŜŜǘƛƴƎǎ ƘŜƭŘ ƛƴ {ŜǇǘŜƳōŜǊ нлнр ƛƴ ǘƘǊŜŜ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎ όbƛƪǑƛŏΣ /ŜǘƛƴƧŜ ŀƴŘ tƭƧŜǾƭƧŀύ ǿŜǊŜ ŀƭǎƻ 

considered (see Appendix 5.2 on the use of PPGIS tools and discussions on public attitudes toward RES 

development). 

The buffer zones, i.e. sensitivity scores, applied for settlements in this study were determined taking 

into account possible negative impacts of wind and solar projects, as well as comparative experiences 

presented in Table 3.3. 

The main negative impacts of wind farms on residential areas (considering human health, quality of 

life and unhindered performance of economic activities that local communities depend on) are noise, 

visual effects (landscape alteration) and shadow flicker caused by turbine rotation. For solar power 

plants, the main negative impacts on settlements include land loss, habitat degradation, visual effects 

(landscape alteration) and potential microclimate changes (creation of heat islands). 

 
11 Special purpose areas are considered to be parts of the territory that share common natural, regional or other 

characteristics and are of particular importance for Montenegro; these areas require a special regime for their 
organisation, planning, use and protection. 
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Table 3.3 Different experiences with determination of setback requirements for RES projects 

According to the 2018 JRC study12, most EU Member States applied setback distances of 500-1000 
m for large wind turbines, with variations from one region to another. Exceptions include Belgium 
(Wallonia) and the Netherlands, with setbacks of 400 m, and Austria, Germany and Poland, where 
setbacks of around 1.2 km were applied in some regions. In some parts of Austria, large wind 
turbines were not permitted at all. In Scotland, a 2 km setback was applied. 
 
CƻǊ ǘƘŜ нлнп ǎǘǳŘȅ άwŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǇƻǘŜƴǘƛŀƭ ƛƴ 9¦ ǊǳǊŀƭ ŀǊŜŀǎέ13, a uniform 700 
m buffer zone was applied for all residential areas. 
 
In the TNC study for Zadar County, settlement sensitivity (including designated construction areas 
outside settlements) to RES development was analysed as an additional component of the study. 
Six sensitivity categories with corresponding setback distances were used. For solar power plants, 
sensitivity scores 6 and 5 (highest sensitivity) were assigned to the settlements themselves and the 
surrounding zone of 100 m, while a score of 1 (lowest sensitivity) was assigned to areas at a distance 
of 1000 m or more from the settlement. For wind farms, a 6 was assigned to the settlements 
themselves and to the zone of 500 m surrounding the settlement, while the lowest sensitivity (score 
1) was assigned for distances of 2.5 km or more from the settlement. 
 

The sensitivity scores and buffer zones for settlements are presented in Table 3.4. 

Tourism and recreational areas 

For this criterion only ski resorts are taken into account because no other georeferenced data were 

available. When determining buffer zones and sensitivity levels, experiences from the region and the 

EU were consulted. 

Landscape-valuable areas 

Since no official spatial-planning documentation was available that clearly defines landscape-valuable 

areas, and since this criterion was identified as an important value that should be taken into account 

when assessing conflict intensity, it was necessary to define an approach for identifying these values. 

In this regard, the results of a scientific study14 were used. The detailed algorithm is provided in the 

study itself, and three basic steps are highlighted here: 

ǒ Social media data, including metadata, were queried using the Flickr API for designated 

coordinates arranged in a diamond grid across mainland Montenegro, each within a 5 km 

radius. Flickr uploads were filtered using a multilingual keyword system (Montenegrin, 

Serbian, Croatian, Portuguese, English, Spanish, German, Italian) to capture relevant content. 

 
12 Dalla Longa, F., Kober, T., Badger, J., Volker, P., Hoyer -Klick, C., Hidalgo, I., Medarac, H., Nijs, W., Politis, S., 

Tarvydas, D. and Zucker, A., Wind potentials for EU and neighbouring countries : Input datasets for the JRC -EU-
TIMES Model, EUR 29083 EN, Publications Office of the European Union, Luxembourg, 2018  
13 The study identified areas suitable for the development of RES in rural regions based on a broad set of factors 

such as land use, environment, agriculture, topography, accessibility and climatic conditions. Protected natural 
areas and zones important for biodiversity, forests and water bodies (except those suitable for floating PV 
installations) were excluded. The use of agricultural land for energy production was subject to strict limitations. 
Furthermore, buffer zones were applied around infrastructure (500 m) and settlements (700 m) in order to 
minimisŜ ŘƛǎǘǳǊōŀƴŎŜǎ ŀƴŘ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ƪƴƻǿƴ ŀǎ bLa.¸ όάƴƻǘ ƛƴ Ƴȅ ōŀŎƪȅŀǊŘέύΣ ƳŜŀƴƛƴƎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ 
opposition of local communities to new RES projects and their impacts. 
14 B.T. van Zanten, D.B. Van Berkel, R.K. Meentemeyer, J.W. Smith, K.F. Tieskens, & P.H. Verburg, Continental-

scale quantification of landscape values using social media data, Proc. Natl. Acad. Sci. U.S.A. 113 (46) 12974-
12979, https://doi.org/10.1073/pnas.1614158113 (2016). 
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To reduce bias, only one upload per user per 1 km² cell was retained. The resulting data were 

classified into low, medium, and high landscape value categories using head/tail breaks 

classification. 

ǒ Cells with medium and high landscape value were converted into observation points, 

representing locations of cultural or aesthetic significance. 

ǒ A digital surface model was used to apply a line-of-sight algorithm to each viewpoint. Two 

distance thresholds were considered: 3 km (high sensitivity) and 10 km (low sensitivity). 

Composite national visibility maps were generated and masked using the Human Modification 

Index (HMI) to eliminate highly modified areas (HMI > 0.4). 

A detailed analysis was carried out, and the evaluation presented in Table 3.4 was adopted. 

Cultural and historical heritage 

The available georeferenced data are point-based, so a single high-sensitivity buffer zone around them 

has been adopted, while for a few potential areas of cultural and historical significance (which are 

currently under consideration for official designation), a moderate-sensitivity rating has been 

proposed. 
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Table 3.4 Evaluation of the conflict intensity of solar power plants and wind farms in relation to the selected criteria 

Criterion  Relevance 
Sensitivity scoring 

(5 ɀ high conflict, 1 ɀ low conflict, 0 ɀ no conflict) 

  (5)  (4)  (3)  (2)  (1)  (0)  

Areas of ecological 

value 

SPP and 

WPP 

Legally protected 
areas in the third 
protection zone 
(National Parks), 
Emerald, IBA, 
Ramsar, proposed 
Natura 2000 Type 
A habitats and 
Natura 2000 
priority habitats 
for the EU 

- 

Legally protected 
areas in the third 
protection zone 
(nature parks, 
nature 
monuments, etc.), 
areas proposed 
for protection, 
and proposed 
Natura 2000 Type 
B habitats 

- - 
Outside areas of 

ecological value 

Habitats important 

for bats 
SPP 

500 m around 

habitats: 

ǒ Rhinolophus 

hipposideros 

ǒ Rhinolophus 

ferrumequinum 

ǒ Rhinolophus 

Euryale 

ǒ Myotis 

emarginatus 

ǒ Barbastella 

barbastellus. 

- 

500 m around 

habitats (other 

species) 

- - 

Areas outside of 

habitats 

important for bats 
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Criterion  Relevance 
Sensitivity scoring 

(5 ɀ high conflict, 1 ɀ low conflict, 0 ɀ no conflict) 

  (5)  (4)  (3)  (2)  (1)  (0)  

WPP 

500 m around 

habitats: 

ǒ Nyctalus 

noctula  

ǒ Nyctalus leisleri 

ǒ Tadarida 

teniotis 

ǒ Miniopterus 

schreibersii 

ǒ Pipistrellus 

kuhlii  

ǒ Pipistrellus 

nathusii 

ǒ Hypsugo savii 

ǒ Eptesicus 

serotinus 

(Cnaepheus 

serotinus) 

ǒ Barbastella 

barbastellus. 

 

500 m around 

habitats (other 

species) 

   

Cultural-historic 

goods 

SPP and 

WPP 

250 m around 
cultural -historic 
goods; High-risk 
zones in the Bay 
of Kotor (Boka 
Kotorska) 

- 

Potential zones of 
cultural 
significance; 
Medium-risk 
zones in the Bay 
of Kotor (Boka 
Kotorska) 

- - 

Areas outside of 

cultural -historic 

zones 

SPP < 300 m  300 - 1000 m   > 1000 m 
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Criterion  Relevance 
Sensitivity scoring 

(5 ɀ high conflict, 1 ɀ low conflict, 0 ɀ no conflict) 

  (5)  (4)  (3)  (2)  (1)  (0)  

Distance from 

settlements (urban 

and rural) in the 

special purpose 

areas  

- - - 

WPP < 500 m - 500 - 1500 m - - > 1500 m 

Distance from 

settlements (urban 

and rural) outside 

of special purpose 

areas 

SPP < 250 m - 250 - 500 m - - > 500 m 

WPP < 300 m - 300 - 700 m  - - > 700 m 

Distance from 
tourist -
recreational 
areas (ski 
centres)  
 

SPP and 

WPP 
< 300 m - 300 - 700 m  - - > 700 m 

Agricultural land 
SPP and 

WPP 
Arable land 

 

- 
Meadows 

 

- 
Pastures 

Outside 

agricultural land 

Forests and forest 
land 

SPP and 
WPP 

High woods  
(Table 3.4) 
 
CLC2023 for 
categories 2, 3 
and 4 
2: Woody needle 
leaved trees  
3: Woody 
broadleaved 
deciduous trees 

 

Specific coppice 
forest types  
(Table 3.4) 
 
CLC2023 for 
categories 5 and 
6 
5: Low-growing 
woody plants 
6: Permanent 
herbaceous 

Specific coppice 
forest types and 
shrubland  
(Table 3.4) 
 
CLC2023 for 
category 7  
7: Periodically 
herbaceous 

Barren land  
(Table 3.4) 
 
 
Undefined 
polygons in a .shp 
file (forest areas 
with no data) 
 
CLC2023 for 
category 9  

Outside forest 
land  
 
CLC2023 for 
categories  
1,10,253, 
254,255  
1: Sealed  
10: Water 
253: Coastal 
seawater buffer 
254: Outside area 
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Criterion  Relevance 
Sensitivity scoring 

(5 ɀ high conflict, 1 ɀ low conflict, 0 ɀ no conflict) 

  (5)  (4)  (3)  (2)  (1)  (0)  

4: Woody 
broadleaved 
evergreen trees 
 

9: Non and 
sparsely 
vegetated 

255: No data 

Areas of high 

landscape value 

(11 or more 

landscape photos 

within 1km cell)  

SPP and 

WPP 

Areas with 

substantial visual 

impact potential 

(visible sites 

within 3 km) 

around locations 

of high landscape 

value (11 or more 

landscape photos 

within 1 km cell)  

 

Areas with lower 

visual impact 

potential (visible 

sites within 3ɀ10 

km) around 

locations of high 

landscape value 

(11 or more 

landscape photos 

within 1 km cell)  

 

 

 

 

- 

 

 

 

 

- 

Areas with no 

expected visual 

impact (visible 

sites beyond 10 

km) around 

locations of high 

landscape value 

(11 or more 

landscape photos 

within 1 km cell) 

Areas of moderate 

landscape value 

(4-10 landscape 

photos within 1 

km cell) 

 

SPP and 

WPP 
-  

Areas with 

substantial visual 

impact potential 

(visible sites 

within 3 km) 

around locations 

of moderate 

landscape value 

(4-10 landscape 

photos within 1 

km cell) 

 

 

 

- 

Areas with lower 

visual impact 

potential (visible 

sites within 3ɀ10 

km) around 

locations of 

moderate 

landscape value 

(4-10 landscape 

photos within 1 

km cell) 

 

Areas with no 

expected visual 

impact (visible 

sites beyond 10 

km) around 

locations of 

moderate 

landscape value 

(4-10 landscape 

photos within 1 

km cell) 
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Table 3.5 Forest Management Classes ς sensitivity grading 

Code Management class Value 

101 Beech forests on better sites 5 

102 Beech forests on poorer sites 5 

103 Fir, spruce and beech forests on better sites 5 

104 Fir, spruce and beech forests on poorer sites 5 

105 Fir and spruce forests on better sites 5 

106 Fir and spruce forests on poorer sites 5 

107 Fir and beech forests on better sites 5 

108 Fir and beech forests on poorer sites 5 

121 Fir, spruce and beech forests on better sites 5 

122 Fir, spruce and beech forests on poorer sites 5 

123 Fir and beech forests on better sites 5 

124 Fir and beech forests on poorer sites 5 

131 High beech forests of middle and lower regions on better sites 5 

132 High beech forests of middle and lower regions on poorer sites 5 

133 High beech forests of higher regions on better sites 5 

134 High beech forests of higher regions on poorer sites 5 

135 High beech forests of high regions on better sites 5 

136 High beech forests of high regions on poorer sites 5 

141 Black pine forests on better sites 5 

142 Black pine forests on poorer sites 5 

143 Black pine and spruce forests 5 

151 Scots pine forests on better sites 5 

152 Scots pine forests on poorer sites 5 

153 Scots pine and spruce forests 5 

161 Bosnian pine forests 5 

162 Bosnian pine and spruce forests 5 

171 Macedonian pine forests 5 

172 Macedonian pine and spruce forests 5 

181 Fir and spruce forests of lower and middle regions 5 

182 Fir and spruce forests of higher regions 5 

191 Spruce forests of lower and middle regions 5 

192 Spruce forests of higher regions 5 

193 Spruce forests of high regions 5 

201 High sessile oak forests on better sites 5 

202 High sessile oak forests on poorer sites 5 

203 High sessile oak and Turkey oak forests on better sites 5 

204 High sessile oak and Turkey oak forests on poorer sites 5 

205 High sessile oak and hornbeam forests on better sites 5 

206 High sessile oak and hornbeam forests on poorer sites 5 

211 High Turkey oak forests on better sites 5 

212 High Turkey oak forests on poorer sites 5 

221 High downy oak forests 5 

222 High pedunculate oak forests 5 

231 High holm oak forests 5 

232 High Macedonian oak forests 5 
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Code Management class Value 

241 High hornbeam forests 5 

251 High beech forests on better sites 5 

252 High beech forests on poorer sites 5 

253 High hornbeam forests on better sites 5 

254 High hornbeam forests on poorer sites 5 

261 High hop hornbeam forests 5 

262 High manna ash forests 5 

263 High hop hornbeam and manna ash forests 5 

271 High sweet chestnut forests 5 

281 High alder forests 5 

282 High birch forests 5 

283 High willow forests 5 

301 High beech forests of middle and lower regions on better sites 5 

302 High beech forests of middle and lower regions on poorer sites 5 

303 High beech forests of higher regions on better sites 5 

304 High beech forests of higher regions on poorer sites 5 

305 High beech forests of high regions on better sites 5 

306 High beech forests of high regions on poorer sites 5 

401 High degraded beech forests 5 

402 High degraded beech and fir forests 5 

403 High degraded Turkey oak forests 5 

411 High degraded black pine forests 5 

421 High degraded Scots pine forests 5 

431 High degraded Bosnian pine forests 5 

441 High degraded Macedonian pine forests 5 

451 High degraded beech, fir and spruce forests 5 

452 High degraded fir and spruce forests 5 

461 High degraded spruce forests 5 

511 Black pine plantations on pine sites 5 

512 Black pine plantations on better sites 5 

521 Scots pine plantations on pine sites 5 

522 Scots pine plantations on better sites 5 

531 Aleppo pine plantations 5 

532 Maritime pine plantations 5 

533 Cypress plantations 5 

541 Stone pine plantations 5 

542 Douglas fir plantations 5 

543 Larch plantations 5 

544 Other conifer plantations 5 

561 Spruce plantations 5 

571 Plantations of noble broadleaves 5 

572 Oak plantations 5 

573 Other broadleaf plantations 5 

601 Coppice sessile oak forests on better sites 3 

602 Coppice sessile oak forests on poorer sites 2 

603 Coppice sessile oak and Turkey oak forests on better sites 3 
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Code Management class Value 

604 Coppice sessile oak and Turkey oak forests on poorer sites 2 

605 Coppice sessile oak and hornbeam forests 2 

611 Coppice Turkey oak forests on better sites 3 

612 Coppice Turkey oak forests on poorer sites 2 

613 Coppice Turkey oak and hornbeam forests 2 

621 Coppice downy oak forests 2 

631 Coppice holm oak forests 2 

632 Coppice Macedonian oak forests 2 

641 Coppice hornbeam forests 2 

651 Coppice beech forests on better sites 3 

652 Coppice beech forests on poorer sites 2 

653 Coppice beech and heliophyte forests on better sites 3 

654 Coppice beech and heliophyte forests on poorer sites 2 

655 Coppice beech and hornbeam forests on better sites 3 

656 Coppice beech and hornbeam forests on poorer sites 2 

661 Coppice hop hornbeam forests 2 

662 Coppice manna ash forests 2 

663 Coppice hop hornbeam and manna ash forests 2 

664 Coppice oriental hornbeam forests 2 

665 Coppice oriental hornbeam and manna ash forests 2 

671 Coppice sweet chestnut forests 2 

701 Coppice degraded sessile oak forests on better sites 3 

702 Coppice degraded sessile oak forests on poorer sites 2 

703 Coppice degraded sessile oak and Turkey oak forests on better sites 3 

704 Coppice degraded sessile oak and Turkey oak forests on poorer sites 2 

705 Coppice degraded sessile oak and hornbeam forests 2 

711 Coppice degraded Turkey oak forests on better sites 3 

712 Coppice degraded Turkey oak forests on poorer sites 2 

713 Coppice degraded Turkey oak and hornbeam forests 2 

721 Coppice degraded downy oak forests 2 

731 Coppice degraded holm oak forests 2 

732 Coppice degraded Macedonian oak forests 2 

741 Coppice degraded hornbeam forests 2 

751 Coppice degraded beech forests on better sites 3 

752 Coppice degraded beech forests on poorer sites 2 

753 Coppice degraded beech and heliophyte forests on better sites 3 

754 Coppice degraded beech and heliophyte forests on poorer sites 2 

755 Coppice degraded beech and hornbeam forests on better sites 3 

756 Coppice degraded beech and hornbeam forests on poorer sites 2 

761 Coppice degraded hop hornbeam forests 2 

762 Coppice degraded manna ash forests 2 

763 Coppice degraded hop hornbeam and manna ash forests 2 

764 Coppice degraded oriental hornbeam forests 2 

765 Coppice degraded oriental hornbeam and manna ash forests 2 

771 Coppice degraded sweet chestnut forests 2 

801 Sessile oak shrublands 2 
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Code Management class Value 

802 Turkey oak shrublands 2 

803 Sessile oak and Turkey oak shrublands 2 

804 Other oak shrublands 2 

805 Beech shrublands 2 

806 Beech and other sciophyte shrublands 2 

807 Marsh shrublands 2 

851 Holm oak maquis 2 

971 Oriental hornbeam bushlands 5 

972 Hop hornbeam bushlands 5 

973 Manna ash bushlands 5 

974 Hop hornbeam and manna ash bushlands 5 

975 Hazel bushlands 5 

976 Pomegranate bushlands 5 

977 Thorn bushlands 5 

978 Juniper bushlands 5 

3.3.2 Combining criteria into an individual map 

After the individual evaluation of conflict intensity for all criteria, it is necessary to determine the 

overall impact of all criteria combined. Since the mentioned criteria do not all have the same level of 

importance relative to one another, it is necessary to assess their weight. This was done through 

meetings with experts in the field (state institutions, relevant ministries, local reference experts, etc.) 

and through interviews. 

The algorithm for development potential assessment can be presented by the following equation: 

ὖ ύ Ὁὠ ύ ὃὒ ύ Ὂὒ ύ Ὓ ύ ὝὙ ύ ὒὠ ύ ὅὌ 

Where, 

P ς quantification of total conflict intensity for RES development potential 

EVn ς Conflict intensity of areas of ecological value normalised by maximum value (values from 0 to 1 

interval) 

ALn ς Conflict intensity of agricultural land normalised by maximum value (values from 0 to 1 interval) 

FLn ς Conflict intensity of forests and forest land normalised by maximum value (values from 0 to 1 

interval) 

Sn ς Conflict intensity of settlements normalised by maximum value (values from 0 to 1 interval) 

TRn ς Conflict intensity of tourist-recreational areas normalised by maximum value (values from 0 to 

1 interval) 

LVn ς Conflict intensity of landscape value normalised by maximum value (values from 0 to 1 interval) 

CHn ς Conflict intensity of cultural-historic goods normalised by maximum value (values from 0 to 1 

interval) 

wi ς weighting factors for all criteria (Table 3.4). 

Table 3.6 Weighting criteria 

Weighting factor Description Value 
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Solar Wind 

w1 Areas of ecological value 0.23642 0.20875 

w2 Agricultural land 0.14794 0.14852 

w3 Forests and forest land 0.16286 0.16169 

w4 Settlements 0.10082 0.12421 

w5 Tourist-recreational areas 0.09375 0.10445 

w6 Areas with landscape value 0.11120 0.11302 

w7 Cultural-historic goods 0.14702 0.13936 

 

The result obtained after applying the above formula is a single map that encompasses all analysed 

criteria and provides information on the overall conflict intensity related to the construction of solar 

power plants and wind farms in relation to these criǘŜǊƛŀΦ Lƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ƳŀǇΩǎ ŎƭŀǊƛǘȅ ŀƴŘ 

make it easier to use, the map with the final conflict-intensity results is reclassified by designating 

three levels of conflict intensity: 

ǒ Low conflict ς P values below 30% of the maximum value; 

ǒ Medium conflict ς P values between 30% and 50% of the maximum value; 

ǒ High conflict ς P values above 50% of the maximum value. 

After this reclassification, it becomes possible to identify zones with low conflict intensity. These zones 

are then compared with the previously generated development-potential maps to select the optimal 

locations for the development of solar power plants and wind farms. 

3.4 Resulting conflict map 

The results were prepared in the form of georeferenced maps using QGIS. The following images 
present each step of the methodology, thus illustrating its application for the case of Montenegro. 
ǒ Step 1 ς Criteria were selected as stated in the previous chapter 
ǒ Step 2 ς Evaluation of conflict intensity by criterion (Table 3.4) 

o Areas of ecological value for solar and wind resources (Figure 3.18, Figure 3.19) 
o Agricultural land (Figure 3.20) 
o Forests (Figure 3.21) 
o Settlements (Figure 3.22, Figure 3.23) 
o Tourism and recreational areas (Figure 3.24) 
o Landscape-valuable areas (Figure 3.25) 
o Cultural and historical heritage (Figure 3.26) 

ǒ Step 3 ς Determination of the overall impact of all criteria combined  and reclassification in 
order to obtain the resulting maps of conflict intensity for solar power plants and wind farms 
in relation to all selected criteria (Figure 3.13, Figure 3.14). 
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Figure 3.18 Resulting map after evaluating the criterion Areas of ecological value (solar) 
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Figure 3.19 Resulting map after evaluating the criterion Areas of ecological value (wind) 
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Figure 3.20 Resulting map after evaluating the criterion Agricultural land 

 

Granica CG/State border  
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Figure 3.21 Resulting map after evaluating the criterion Forests and forest land 

 

Granica CG/State border  
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Figure 3.22 Resulting map after evaluating the criterion Settlements ς solar power plants 

 

Granica CG/State border  
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Figure 3.23 Resulting map after evaluating the criterion Settlements ς wind power plants 

 

Granica CG/State border  
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Figure 3.24 Resulting map after evaluating the criterion Tourist-recreational areas 

 

Granica CG/State border  
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Figure 3.25 Resulting map after evaluating the criterion Landscape-valuable areas 

 

Granica CG/State border  
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Figure 3.26 Resulting map after evaluating the criterion Cultural and historical heritage 

 

Granica CG/State border  
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Figure 3.27 Resulting reclassified conflict map for solar power plants15 

 
15 The top 0.0016% cells, representing extreme outliers, were clamped to a heuristically calculated value of 3.79, 
which in practice avoids skewing the conflict categories toward rare values while still providing a simple and 
understandable way to reclassify the conflict scores into low-medium-high categories. 

Granica CG/State border  
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Figure 3.28 Resulting reclassified conflict map for wind power plants16 

 
16 The top 0.0016% cells, representing extreme outliers, were clamped to a heuristically calculated value of 3.79, 
which in practice avoids skewing the conflict categories toward rare values while still providing a simple and 
understandable way to reclassify the conflict scores into low-medium-high categories. 
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3.5 Resulting maps 

The final step involves combining the identified zones that have a low assessed level of conflict for the 

construction of solar power plants and wind power plants with the corresponding map of technically 

available potential (Table 3.6). Prior to the final quantification of potential, these maps are filtered in 

ƻǊŘŜǊ ǘƻ ǊŜƳƻǾŜ ȊƻƴŜǎ ǘƘŀǘ ǿƻǳƭŘ ŦƻǊƳ ƛǎƻƭŀǘŜŘ άƛǎƭŀƴŘǎέ ǿƘƻǎŜ ŀǊŜŀǎ ŀǊŜ ǘƻƻ ǎƳŀƭƭ17 to be used for 

power plant development (Figure 3.26, Figure 3.27 and Figure 3.28). In these cases, the small areas 

would correspond to low-capacity power plants and their grid connection would only be meaningful 

if connected to lower voltage levels (below 35 kV), which are not covered by this study. 

Table 3.7 Area of all evaluated zones with development potential [ha] 

Zone 
Solar power plants ς 

transmission grid 
Solar power plants ς 

distribution grid 
Wind power plants 

1 2,932 3,977 27,799 

2 25,043 80,822 41,104 

3 71,439 27,590 47,663 

4 7,352 8,435 6,563 

Taking into account common practice in Montenegro and the surrounding region, the identified areas 

with high potential can be assigned indicative potential quantifications in terms of expected installed 

capacity, as follows: 

ǒ Solar potential ς 1 ha = 1 MW 

ǒ Wind potential ς 10 ha = 1 MW 

Based on the above, and on the derived maps of development potential characterised by a low level 

of conflict with other land uses, the following indicative high-suitability potential is obtained: 

ǒ Solar power plants connected to the distribution network ς 8,435 MW18 

ǒ Solar power plants connected to the transmission network ς 7,352 MW 

ǒ Wind power plants ς 656 MW 

The identified potentials for solar power plants connected to the distribution grid and to the 

transmission grid should not be summed, as certain zones (equivalent to ~158 MW in total) are 

suitable for both smaller and larger power plants. Therefore, the combined potential for smaller and 

larger solar power plants combined is about 15,630 MW. It should be emphasised that the quantified 

potential for the construction of solar power plants and wind farms represents an indicative value. 

The construction of any new generation facility changes the situation regarding the security and 

quality of operation of the power system. This primarily refers to its micro-location and technical 

characteristics, which influence the need for continuous updating of the usable renewable energy 

potential, taking into account the limitations of the existing and future grid infrastructure. For 

example, the areas suitable for the construction of solar power plants that would be connected to the 

distribution network correspond to an installed capacity that significantly exceeds the capability of 

the grid infrastructure to accommodate them. 

 
17 The filtered sections are below 3 ha for distribution and below 10 ha for transmission. 
18 [ƻŎŀǘƛƻƴǎ ǿƛǘƘ ƘƛƎƘ ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ŀƴŘ ƭƻǿ ŎƻƴŦƭƛŎǘ ƘŀǾŜ ŀ ǇƻǘŜƴǘƛŀƭ ǘƘŀǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŜȄŎŜŜŘǎ ǘƘŜ ƎǊƛŘΩǎ 

ability to accommodate all possible production. Taking into account the current condition of the grid and the 
issued technical connection requirements, it is currently possible to utilise 235 MW of the identified solar 
potential. 
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Figure 3.29 Low conflict map for transmission solar power plant development 
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Figure 3.30 Low conflict map for distribution solar power plant development 
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Figure 3.31 Low conflict map for wind power plant development 

 

Granica Crne Gore / Border of Montenegro 
























































































