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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 igigoldingg 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 technologiesmature, lowcost and scalable 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 203Qgthrou
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 aneifiedgvhen projects
intersect with other land useand values.

As a Contracting Party to the Energy Commuratyd a European Union (EU) accession
candidate, Montenegro is committed to aligning national law with the EU energy,
SY@ANRYYSyYyGlt FyR OfAYIGS | Oljdzhiad ¢KS YvYz2ad |
Directive (RED) introduced the concept of Renewaldeseleration Areas (RAAS)

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 treegteextent

possible.

To support the RAA implementation process in Montenegro and help the country achieve its
renewable energ targets while preserving its status as an ecological state, The Nature
Conservancy (TNC) and Eeam launched the Montenegro Energy Growth and Acceleration
6a9D! 0 LINRP2SOG Ay hO0l206SN) HAHNn® LYLX SYSY(GAy
developed a lar-conflict solar and wind siting scenario for the entire country by mapping the
highestpriority areas for solar and wind development that minimize emwinental and social

AYLI OGad ¢KAA AYAGAFGAQGS F2tt26a | LAT20G YI
demonstrated substantial lowgonflict solar and wind potential and highlighted the value of
data-driven planning for reducing the risk of projetelays.

Key national institutions across the energy, spatial planning, environment and financial
sectors have supported the MEGA study through data sharing and participation in the
projeO 0 Qa | ROA & 2Th& resOithy Wdps pr&/iBeba practical planning tool for
stakeholders at all levelsfrom developers and grid operators to financial institutions and
decisionmakers ¢ and can inform permitting decisions, investment prioritisation, and
national energy geeration and grid planning processes.
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This document aims to present the methodology used to map the optimal areas for
development of soldrand wind power plants in Montenegro, taking into accolegal,
technical, environmental, cultural and so@conomic 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 pggp&aw 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 availigpat 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 relevatriteria 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:

Very low;

Low;

Medium;

High.

O¢ O¢ O¢ O«

After evaluating solar and wind resource availability with respect to legal and technical
circumstances, the intensity of landlue 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:
Natural values;

Cultural values;

Socieeconomic values.

O¢ O¢ O«

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:

Low conflict;

Medium conflict;

0 High conflict.

O¢ O«

By crosgeferencing 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 anddieconflict 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. Siree 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
constrints, grid and road infrastructure), the environment, culture and seconomic aspects. The
following data were used:

0 Basic maps
o Topographic maps (1:25,000 and 1:50,000)
o Orthophoto imagery
o Web-accessible basemaps
o Digital Elevation Model (DEM)
0 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
S potential maps
o Global solar irradiation (250x250 m resolutibn)
o Average wind speed and continuity at an altitude of 100 m (50x50 m resofttion)
Natural values
o Legally protected areas in the third protection zone (National Parks, Nature Parks,
Natural Monuments, etc.)
Emerald Network areas
Important Bird and Biodiversity Areas (IBA) and Special Protection Areas (SPA)
Ramsar wetlands
Proposed Natura 2000 Type A and B habitats, and Natura 2000 priority habitats for
the EU
o Areas proposed for protection
o Batrelevant habitats
6 Cultural values
o Religious sites
o Potential cultural heritage sites

RE

O¢

O¢

O O O O

2 https://globalsolaratlas.info/
3 https://map.neweuropeanwindatlas.eu/
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6 Socieeconomic 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:
T Settlements within the areas of special purpose spatial plans (referring to
coastal zones and national park territories)
T Settlements outside the areas of special purpose spatial plans
Touristrecreational areas (ski resorts)
Agricultural land (arable land, meadows and pastures)
Forest land (high forests, types of coppice forests, shrubland, barrerf land)
Web-available data related to landscape values (Flickr API)

O O O o

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:
0 Ministry of Agriculture,Forestry andWater Management
0 Agricultural land and its classification data
o Forest land and its classification data

0 Ministry of Ecology,ustainableDevelopment andNorthernRegionDevelopment
o Data regarding natural values
0 Ministry of Energy andMining
o Data regarding mining sites
0 Ministry of Satial Panning,Urbanism and2ate Property
0 Spatial data for landise 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)
0 Ministry of Tourism
o Data on zones designated for tourism purposes
0 Environmental protection agency
o Data regarding natural values
0 Administration for managing forests and hunting grounds
o Forest land and its classification data
0 Real estate administration
o Part of the data on land use designation
0 Water administration
o Data regarding water sources, water bodies and watercourses
0 Administration for protection of cultural property
o Cultural values data
0 Railway authority; government of Montenegro
0 Railway infrastructure data
0 Transmission system operator
o Transmission grid infrastructure and development plans
0 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 tineven 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 maation level.
Therefore, the results should be interpreted as an indicative framework that requires additional
spatial analyses and field verification during the pecbjehases. Particularly noteworthy here are the
data on forests, settlements and valuable landscapes. For the purpose of sustainablgséand
planning, it is necessary to update the forest cadastre, as well as to prepare landsadipe sthere
spedfic micro-locations are concerned.

10



Methodology for preparation of lowconflict maps for solar and wind power plant development in Montenegro

3. Algorithm

The methoalogy is represented by the following steps:
0 Step 1: Createonstraintmaps
o Identification of legal, biophysical or resource constraints for RES development;

o Exclusion of nosuitable areas.

0 Step 2: Creatdevelopmentpotential 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)

0 Step 3: Create conflict maps

0 Selection of criteria
i Selection of sensitity (conflictintensity) criteria based on available
georeferenced data;
i Selection of suleriteria within each criterion, where applicable (depending
on data availability)

o Evaluation of individual criteria

i 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 whiche buffer zones are proposed);

I Ascoreis definedfor 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 regandg the construction of solar power plants and
wind farms in relation to the observed criterion. It should be empdeasthat,
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
i Selection of weighting coefficients used to assess the relative importance of
the criteria;
I Application of the formula that combines the confliotensity scores by
criterion with the selected weighting coefficients

0 Step 4: Combinig conflict maps and development potential maps

o Combining zones evaluated as low conflict zones détrelopmentpotential maps;

o0 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:

0 Legalc 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 anccatkgories of protected

11
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areas where economic activities and any other activities which do not contribute to
biodiversity conservation are prohibited.

(@]

Existing infrastructure 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.

(@]

Biophysicak 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 ®irREllation.

(@]

Economic constraintg 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,rltwesholds
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 suiii#tly 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 desi
cultural heritage areas and archaeological sites; Specially designated(ariitary zones, touristic and recreational zo

(hotels, touristic settlements, camps, open air sport facilities))

Law on nature
protection ("O.G
of

Construction of facilities is forbidden in
the first and second protection zone of

Protected areas feature 0 m Montenegro”, | the protected areas in accordance with
No. 54/2016 anq Article 31 of the Law.
18/2019)
In accordance with Article 4 of the La
actions and activities that can change t
appearance, property, personality, th
meaning or significance of cultur|
Law on cultural property should be prevented.
goods The protection zone adjacent to th
Cultural, historic feature 0 m protection ("O.G| cultural good is not defined. It will b
and spiritual sites of further analysed as part of social/cultur]
Montenegro”, | values mapping.
No. 49/2010)
The najority of sites are available §
points without buffer zones defineg
However, there are some protected are
which will be included.
Recreational areas| feature 0 m Spatial plan In accordance with the spatial plan t

purpose of the zone is recreation.

12
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Constraints Excludes S'Eﬁf?;the Unit Legal basis Explanation/Note
In accordance with the spatial plan, t
Touristic zones feature 0 m Spatial plan purpose of the zone is the developme
of tourism.
Law on Defece | Article 44 of the Law prohibits access t
("0.G of| military facilities and facilities designate
Montenegrd' as facilities of special importance for
Military zones feature 0 m No.  47/2007,| defence, as well as construt_:@i_on in the
88/20009, zones adjacent to these facilities,
14/2012, without the consent of the Ministry.
2/2017, The width of the zone adjacent to
46/2019) defence facilities is not specified.

Current Infrastructure

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

Settlements/Buildin|
gs

feature

Spatial plan

In accordance with the spatial plal
settlement areas are characterised by
high population density and a bu
infrastructure environment which is ng
suitable for larger SPP/WPP.

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

Roads

Highways

feature +
buffer

60

Major

feature +
buffer

40

Minor

feature +
buffer

20

Law on Road
("O.G of]
Montenegrd'
No. 82/2020)

In accordance with Article 92 of the La
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 industri
buildings ad facilities, as well as simila
facilities cannot be carried out without
the consent of the administration or
local administration authorities is: 60
meters next to highways, expressways
and main roads40 meters next to
regional roadsand 20 meters next to
municipal roadsmeasuredrom the
outer edge of the road strip.

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

Airport (airfield)

feature

Law on Ain
¢NI FFAO
azyiaSys$s
No. 30/2012)

In accordance with Article 44 of the La
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 outsidg
the airpat area which may affect the
safety of air traffic, as well as their
marking and maintenance, is carried ol
in accordance with the decision of the
Ministry.

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

13
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Constraints Excludes S'Eﬁf?;the Unit Legal basis Explanation/Note
In accordance with Article 4 of the Law
Law on Railwaj i KS da Ay ¥ NI &G NUzO (i dzl
feature + ("0.G of| both sides of the railway, to a width of
Railways buffer 25 m Montenegro" 25 m, counting from the axis of the end
No. 27/13 and tracks, which serves for the use,
43/13) maintenance and technological
development of railway infrasticture.
Power lines Transmision line (400 kV, 220 kV and 1
kV)¢ The potection zone on both sides
. Rules for in relation to the vertical projections g
Transmission feature + 40 (400 kV) construction of | the end conductors
buffer 30 (220 kv) m transmission
25 (110 kv) and distribution | Distribution line (35 kV) The protection
Distribution powerlines zone on both sides is in relation to t
feature + |, @5kv)|  m vertical  projections of the en
buffer conductors.
. Locations of existing WPPs and SPPs
Power plants (wind . - ! .
solar) feature 0 m Spatial plan those_ Wlth_ issued construction permits
are given in the form of zones (polygon
Rulebook on the
width of
protection
zones and typeqd The rulebook defines sizes of protectio
Radio/cell towers feature + of ra_ldio _ zones depending on_the type, power af
. 200 m corridors in frequency of the radio centres which ar|
(wind only) buffer . - .
which the relevant for construction of wind power
planning and plants.

construction of
other facilities is
not allowed

Biophysical constraints

Slope of the terrain, elevation; River network, borders of basins antasihs, water springs and water sanitation zo

Land use
Slope of the terrain values
above
PV values 10 degrees
above
Wind values 15 degrees
above
Water feature + 15 m In accordance with Article 10 of the La
buffer coastal land is a zone of land 15 m wi
Water for waters of state importance and 10
Lakes feature + 15 m Resources Law | for waters of local importance from th
buffer ("O.G of border of the water landAs a rule, this
Montenegrd' serves for the maintenance of protecti
No. 27/2007 structures and troughs for large watg
Rivers feature + 15 m 32/2011) bodies and other activities in watg
buffer management.

14
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Constraints Excludes S'Eﬁf?;the Unit Legal basis Explanation/Note

Also, the first and second sanita
protection zones around water sourcs
are included.

Economic

constraints
A wind speed below 4 m/s is recognis|

Average wind values 4 mis as an indicator of low wind potential fq

speed (w) below power plant development (nofieasible).
The measuremenk is a shape factor ¢
Weibull wind distribution. Higher

. - values .

Wind continuity (k) | 5 12 corresponds to stable wind and mo

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.@infuitable and dsuitable).

15
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Legenda/Legend:

t 2ZRNHzo2Fk al I F12yalAY
Areas with legal restrictions

Granica Crne Gore

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 andfd5Wind power plants are also excluded
from further analysis, due to the impact that steeper slopes may have onusacfficiency and the
complexity of facility construction (Figure 3.2 and Figure 3.3).

16
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Legend/Legenda

DEM under 15 and Constraint raster/
DEM ispod 15 i mapa iskljucenja
Band 1 (Gray)

N

ote/Napomena: 0 - constraint areas/podruéfa iskdjuéenja |

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

constraints, i.e. slope of terramorethan 15°

17
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Legend/Legenda

DEM under 10 and Constraint raster/
DEM ispod 10 i mapa iskljucenja
Band 1 (Gray)

1
Mo

F\Jme‘r'Nawnena: 0 - constraint areas/podrudja iskljucenja ]

Figure 3.3 Map of areas excluded as candidates for solar power plant development due to biophysical

constraints, i.e. slope of terramorethan 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 longterm microscale wind speed at 100 m heiglw) and Weibull k parameter of the losigrm

microscale wind distribution. There are additional technical criteria which are recognized as important
F2NI NBtAFIOES aasSaaySyd 2F Fy FNBIFQa w9{ LRGSydA

w Grid connection capacity,

Distance from transmission/distribution lines,
Distance from consumption centres and
Distance from roads.

€ e¢€
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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 degers, etc.) and through interviews.

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

0 0 0000 6&GR 0 OO0 U 660 0 ‘'YOgsolar

0 “d 0 OR 0 0000 60 0 YOcwind

Ca

w0 0 Q
Where,
P ¢ quantification of total technical RES development potential (values from O to 1 interval)
GHAI ¢ global horizontal irradiation normalised by maximum value (values from O to 1 interval)

WR, ¢ product of average wind speed and factor k normalised by maximum value (values from 0 to 1
interval)

Cap ¢ grid capacity normalised by maximum value (values from 0 to 1 interval)

6dn TR O p it T@p it 6 O L TEtw P O L TEt® ¢ transmission
power gric

6n pdoORvd o 00 vd @ ¢distribution power grid

It is important to emphasise that the value @fapis determined by a detailed methodology
(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, integraenewable 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 crossborder energy exadmnge.

5In the area around transmission grid nodes with radius of 10 km.
®1n the area around 35 kV grid nodes with radius of 5 km.
" Methodology for grid modelling, TNC, 2025.
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Globalno horizontalno zracenje (GHZ)
Global Horizontal Irradiance (GHI)

1.00023
0

[] Granica Crne Gore
Border of Montenegro

Figure 3.4 Global Horizontal Irradiance
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Brzina vjetra (V)
Wind speed (V)

17.923401

0.44385
[] Granica Crne Gore
Border of Montenegro

Figure 3.5 Wind speed
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Promjenljivost brzine vijetra (K)
Wind variability (K)

1.923828

0.676529
[ Granica Crne Gore

Border of Montenegro

Figure 3.6 Wind variability (Weibull k factor)
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Figure 3.7 Resulting map with values of &a@riterion Power grid capacity (transmission drid)

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

23



Methodology for preparation of lowconflict maps for solar and wind power plant development in Montenegro

300000 350000 400000 450000
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Figure 3.8 Resulting map with values of Ca@riterion Power grid capacity (distribution gPid)

PG ¢ distance from power grid normalised by maximum value (values from 0 to 1 interval)

0 '00 ——— "00 p MQ4antD "00 p QA ¢ transmission power grid

0 00 ——) "00 v Qand "00 v Qa ¢ distribution power grid

% The presented grid capacity locations are determined according to the methodology from appendix (5.1).
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Figure 3.9 Resulting map with values of RGOriterion Distance from power grid (transmission grid)
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Figure 3.10 Resulting map with values of PGOriterion Distance from power grid (distribution grid)

CC¢distance from consumption centres normalised by maximum value (values from O to 1 interval)
L. GMO0Q, T~ e w g
000 ?mOOCHQOmh)OOQTIQO(
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Figure 3.11 Resulting map with values of &QCriterion Distance from consumption centres
RD ¢ distance from road infrastructure normaliség maximum value (values from O to 1 interval)
p1t YO,
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Figure 3.12 Resulting map with values of RDriterion Distance from road infrastructure

350000 400000

w; ¢ weighting factors for all criteria (Table 3.2)

Table 3.2 Weighting criteria

4500

4800000

Weighting factor | Description Value

W1 Solar/Wind resource 0.188035842
Wo Distance from power grid 0.239625583
W3 Power grid capacity 0.372013738
W4 Distance from consumption centres 0.093687873
Ws Distance from road infrastructure 0.106636964
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Weighting factors were determined using the Analytic Hierarchy Prétesthod 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 eigenvecsoand 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 witlecesp power

grid capacity and feasible connection distance:

w The typical maximum connection capacity of the 35 kV distribution grid in Montenegro is 5
MW.

w The typical connection capacity of the transmission grid in Montenegro starts from 50 MW
and can be over 1000 MW (400 kV grid).

w 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 \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
OdzNNBy il adrdS 2F az2yiSySaNeRQa LRgSNI Ay TN aidNHzOi d
grid is at least ten times larger than the largest plantroected to the distribution network.) As a

result, the analysis of development potéait wascarried out completely separately for small solar

power dants (connected to the distribution gridne large solar power plants (connected to the
transmission gd).

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 analysithefdevelopment 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 abovmentioned 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 (Figduk, Figure 3.11). As mentioned earlier, total
development potential ®) takes valus from an interval of O to 1 ere 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 pracesisat it is and how it is useddathematical modelling9
(3-5), pp.161176.
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made more observable by defining of four potential level categories (Figure 3.12, Figure 3.13 and
Figure 3.14):

w Solar potential
o Very low potentiag 0 @&

o Low potentiak® 0 &
0 Moderate potentialc @ 0 1@
o High potentiak 0 &y
w Wind potential
o Verylow potentiak 0  T@®
o Lowpotentiak @ 0 1@
0 Moderate potentialc @ 0 T8
o High potential 0 1.

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 dadiag 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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Legend/Legenda

DEM under 15 and Constraint raster/
DEM ispod 15 | mapa iskljucenja
Band 1 (Gray)

lad 1
0

Pote/Napamena: 0 - constraint areas/podruéja iskijutenja |

Figure 3.13 Resulting map of development potential after combining all criteria and map with excludeg! areas
wind development potential
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Legend/Legenda

DEM under 10 and Constraint raster/
DEM ispod 10 i mapa iskljucenja
Band 1 (Gray)

1
Mo

hotejNapomena: 0 - constraint areas/podrudja iskljuéenja I

Figure 3.14 Resulting map of development potential after combining all criteria and map with excludeg! areas
solar development potential
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Razvoinl potenctial - solar - vele elekirane
Development potendial maps - larger power plants
[ 1 - vrio lof/very bad

[]2-LetBad

13 - Srednji/Medium

[ 4 - Visok/High

Figure 3.15 Solar power development potentiiansmission grid
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Razvainl potenciial - solar - manje elekirana
Developmant pobandal maps - smallar power plants
1 1-vro Io&/Very bad

[ 12 - Lok/Pad

1 3 - Srednjl/Medium

I 4 - Visok/High

Figure 3.16 Solar power development potentidistribution grid
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Razvoinl potenciial - victar
Devwclopment potental maps - wind
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Figure 3.17 Wind power development potengjatansmission grid
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3.3 Conflict maps

After analysing and processing the available georeferenced data, the following criteria acitstia
were identified:

0 Areas of ecological value
0 Legally protected areas in the third protection zone (National Parks, Nature Parks,
Natural Monuments)
Emerald Navork areas
IBAand SPA
Ramsar wetlands
Proposed Natura 2000 Type A and B habitats, and Natura 2000 priority habitats for
the EU
0 Areas proposed for protection
0 Habitats significant for bats

o O O o

0 Agricultural land
0 Arable land
0 Meadows
0 Pastures
0 Forests
o High forests
o0 Coppice forests
0 Shrublands
o Barren land
0 Settlements
o Urban and rural settlements within areas of special purpose spatial plans (coastal
zone and national pagy
0 Other urban and rural settlements
0 Tourism and recreational areas
o0 Skiresorts
0 Landscape&aluable areas
0 Cultural and historical heritage

o Religious sites
o Potential cultural heritage sites

It should be emphasisdtiat 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 e®p lquantified confliet
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 inoktenegro, the region and the EU. Conflietel

scores are separately assigned to the zones on the map for each criterion, using a scale from O to 5.
The zones are selected by using the available georeferenced data for each criterion, presented as
polygors. 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 cemnfleatsity score was

36



Methodology for preparation of lowconflict maps for solar and wind power plant development in Montenegro

assigned. In areas where such information was not available, buffer zones were applied, each assigned
a different conflictintensity 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 alkdl®n 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
GKS LXIFTyGaQ aKFERAYy3 g2dd R | ROSNESt& FFFSOG LINE
microclimatic conditions of surrounding fields. Overdigélds 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 impa€ 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 availap. They are assessed as lgensitivity areas.

Forests

GeoreferencedR I G F2NJ F2NBata oe& OfraasSa FINB y2aG Fdz €
planning documentation. Reliable data by forest clasm@savailable 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 -avgilable data from

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

data for more than200 forest management classes were obtained. After analysing all the data, a
categorisation was carried out for the purpose of evaluating the level of conflict:

0 High forests

0 Certain types of coppice forests

0 Certain types of coppice forests and shrublands
0 Barren land
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0 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

CKS ALISOATAOAGE 2F az2y(iSySaNRQa aLl GAlLt LAEFYYAyY
(national park areas and the territory of the six coastal municipaftiesistaken 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 @gle 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 settlemeritsk & A &> 2y LIS
qguality of life and on economic activity, as well as on the functionality and attractiveness of
recreational areag were considered. Available information 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 characteristigghich 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 recommahh 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. Wherdetermining buffer zones, some of the inputs gathered during public participation
YSSiAy3a KStR Ay {SLISYOSNI unup Ay GKNBS YdzyiO.
considered (see Appendix 5.2 on the use of PPGIS tools and discussionBmattiuides toward RES
development).

The buffer zones, i.e. sensitivity scoresphgd 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 flideersed 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).

1 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
organkation, planning, use and protection.
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Table 3.3 Different experiences with determination of setback requirements for RES projects

According tahe 2018 JRC stutfymogs EU Member States applied setback distances of BIID
m for large wind turbines, with variations from one region to another. Exceptions include Beg
(Wallonia) and the Netherlands, with setbacks of 400 m, and Austria, Germany and Poland
setbadks of around 1.2 km were applied in some regions. In some parts of Austria, large
turbines were not permitted at all. In Scotland, a 2 km setback was applied.

C2NJ GKS Hnun aiddzRé awSySgloft S SyS NmanifbiNPb
m buffer zone was applied for all residential areas.

In the TNC studfor Zadar County, settlement sensitivity (including designated construction &
outside settlements) to RES development was analysed as an additional component of the
Six sensitivity categories with corresponding setback distances were useshl&opower plants
sensitivity scores 6 and 5 (highest sensitivity) were assigned to the settlements themselves
surrounding zone of 100 m, while a score of 1 (lowest sensitivity) was assigned to areas at a
of 1000 m or moe from the settlement. For wind farms, a 6 was assigned to the settlem
themselves and to the zone of 500 m surrounding the settlement, while the lowest sensitivity
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 accob@tause no other georeferenced data were
available. When determining buffer zones and sensitivity levels, experiences from the region and the
EU were consulted.

Landscapevaluable areas

Since no official spatiglanning documentation was available that clearly defines landseapeble
areas, and since this criterion was identified as an important value that should be taken into account
when assessing conflict intensity, it was necegsardefine an approach for identifying these values.

In this regard, the results of a scientific stifthyere used. The detailed algorithm is provided in the
study itself, and three basic steps are highlighted here:

0 Social media data, including metadata, were queried using the Flickr API for designhated
coordinates arranged in a diamond grid across mainland Montenegro, each within a 5 km
radius. Flickr uploads were filtered using a multilingual keyword system (Monteneg
Serbian, Croatian, Portuguese, English, Spanish, German, Italian) to capture relevant content.

2 palla 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

13The 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 fdriodiversity, 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 infrastructus8Q m) and settlements (700 m) in order to
minimsS RA&0dz2NbFyOSa FyR GKS LKSy2YSy2y ((y2éy | & blLa.
opposition of local communities to new RES projects and their impacts.

14B.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/pnasA14158113 (2016).

5
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To reduce bias, only one upload per user per 1 kmz2 cell was retained. The resulting data were
classified into low, medium, and high landscape value categories using head/tail breaks
classification.

0 Cells with medium and high landscape value were converted into observation points,
representing locations of cultural or aesthetic significance.
0 A digital surface model was used to apply a-lifisight 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 therHJdification
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 pebdaised, so a single higdensitivity 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 desigrat), a moderatesensitivity 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

Sensitivity scoring

Criterion Relevance : : . .
(5 z high conflict, 1z low conflict, 0z no conflict)
(©) (2)

Legally protected Legally protected

areas in the third areas in the third

protection zone protection zone

(National Parks), (nature parks,
Areas of ecological SPP and Emerald, IBA, Rl Outside areas of
value WPP Ramsar, proposed - monuments, etc.), - = ecological value

Natura 2000 Type areas proposed

A habitats and for protection,

Natura 2000 and proposed

priority habitats Natura 2000 Type

for the EU B habitats

500 m around

habitats:

0 Rhinolophus

hipposideros

0 Rhinolophus 500 q A de of

Habitats important ferrumequinum m aroun reas outside o
SPP N - habitats (other - - habitats
for bats 0 Rhinolophus . .
species) important for bats
Euryale
0 Myotis

emarginatus

0 Barbastella
barbastellus.
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o Sensitivity scoring
Criterion Relevance . . . .
(5 Z high conflict, 1z low conflict, 0z no conflict)

©) ()

500 m around
habitats:

0 Nyctalus
noctula

0 Nyctalus leisleri

0 Tadarida
teniotis

0 Miniopterus
schreibersii

0 Pipistrellus
kuhlii

0 Pipistrellus
nathusii

500 m around
habitats (other
species)

WPP

0 Hypsugo savii

0 Eptesicus
serotinus
(Cnaepheus
serotinus)

0 Barbastella
barbastellus.

Potential zones of

250 m around
cultural

cultural-historic D ] :

Cultural-historic SPP and goods: Highrisk S|gn|f|can§:e, Areas outIS|de.of
" - Medium-risk - - cultural-historic

goods WPP zones in the Bay in th

of Kotor (Boka zones in the Bay zones

Kotorska) of Kotor (Boka

Kotorska)
SPP <300 m 300-1000 m > 1000 m
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Criterion

Relevance

Sensitivity scoring

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

©)

()

Distance from
settlements (urban
and rural) in the
special purpose
areas

Distance from
settlements (urban
and rural) outside
of special purpose
areas

Distance from
tourist -
recreational

areas (ski
centres)

Agricultural land

WPP

SPP

WPP

SPP and
WPP

SPP and
WPP

Forests and forest SPP and

land

WPP

<500 m

<250 m

<300m

<300 m

Arable land

High woods
(Table 3.4)

CLC2023 for
categories 2, 3
and 4

2: Woody needle
leaved trees

3: Woody
broadleaved
deciduous trees

500 -1500 m

250-500 m

300-700 m

300-700 m

Meadows

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

Pastures

Barren land
(Table 3.4)

Undefined
polygons in a .shp
file (forest areas
with no data)

CLC2023 for
category 9

> 1500 m

> 500 m

>700m

> 700 m

Outside
agricultural land

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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o Sensitivity scoring
Criterion Relevance : . . .
(5 z high conflict, 1z low conflict, 0z no conflict)

©) ()

Areas of high
WPP

landscape photos
within 1km cell)

Areas of moderate

landscape value

(4-10 landscape SPP and
photos within 1 WPP

km cell)

4: Woody
broadleaved
evergreen trees

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 3z10
km) around
locations of high
landscape value
(11 or more
landscape photos
within 1 km cell)

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)

9: Non and
sparsely
vegetated

Areas with lower
visual impact
potential (visible
sites within 3710
km) around
locations of
moderate
landscape value
(4-10 landscape
photos within 1
km cell)

255: No data

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 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 Classasensitivity grading

Code Management class Value

101 Beech forests on better sites 5
102 | Beech forests on poorer sites

103 | Fir, spruce and beech forests on better sites

104 | Fir, spruce and beech forests on poorer sites

105  Fir and spruce forests on better sites

106 | Fir and spruce forests on poorer sites

107 Firand beech forests on better sites

108 | Fir and beech forests on poorer sites

121 | Fir, spruce and beech forests on better sites

122 | Fir, spruce and beech forests on poorer sites

123  Firand beech forests on better sites

124 | Fir and beech forests on poorer sites

131 High beech forests of middle and lower regions on better sites
132 | High beech forests of middle and lower regions on poorer sites
133 | High beech forests of higher regions on better sites
134 | High beech forests of higher regions on poorer sites
135 High beech forests of high regions on better sites

136 | High beech forests of high regions on poorer sites

141 | Black pine forests on better sites

142 | Black pine forests on poorer sites

143  Black pine and spruce forests

151 | Scots pine forests on better sites

152 | Scots pine forests on poorer sites

153 | Scots pine and spruce forests

161 Bosnian pine forests

162 | Bosnhian pine and spruce forests

171 | Macedonian pine forests

172 | Macedonian pine and spruce forests

181  Fir and spruce forests of lower and middle regions

182 | Fir and spruce forests of higher regions

191  Spruce forests of lower and middle regions

192 | Spruce forests of higher regions

193  Spruce forests of high regions

201 | High sessile oak forests on better sites

202 High sessile oak forests on poorer sites

203 | High sessile oak and Turkey oak forests on better sites
204  High sessile oak and Turkey oak forests on poorer sites
205 | High sessile oak and hornbeam forests on better sites
206 High sessile oak and hornbeam forests on poorer sites
211  High Turkey oak forests on better sites

212  High Turkey oak forests on poorer sites

221 | High downy oak forests

222 High pedunculate oak forests

231 | High holm oak forests

232 High Macedonian oak forests

o1 o1 o101 01 01Ol Oo1O01 01010101 ool o1 o1 oo ool o1 oo o1 o1 o1 ool o1 o1 ool o o1 o1 o1 o1 o1 ool o1 o1 Ol
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Code Management class Value

241 | High hornbeam forests 5
251 High beech forests on better sites

252 | High beech forests on poorer sites

253 High hornbeam forests on better sites

254 | High hornbeam forests on poorer sites

261  High hop hornbeam forests

262 | High manna ash forests

263  High hop hornbeam and manna ash forests

271 | High sweet chestnut forests

281 High alder forests

282 | High birch forests

283  High willow forests

301 | High beech forests of middle and lower regions on better sites
302 High beech forests of middle and lower regions on poorer sites
303 | High beech forests of higher regions on better sites
304 High beech forests of higher regions on poorer sites
305 | High beech forests of high regions on better sites
306 High beech forests of high regions on poorer sites
401  High degraded beech forests

402 High degraded beech and fir forests

403 | High degraded Turkey oak forests

411 | High degraded black pine forests

421  High degraded Scots pine forests

431 High degraded Bosnian pine forests

441 | High degraded Macedonian pine forests

451 | High degraded beech, fir and spruce forests

452  High degraded fir and spruce forests

461 High degraded spruce forests

511 | Black pine plantations on pine sites

512 Black pine plantations on better sites

521 | Scots pine plantations on pine sites

522  Scots pine plantations on better sites

531 | Aleppo pine plantations

532 Maritime pine plantations

533 | Cypress plantations

541  Stone pine plantations

542 | Douglas fir plantations

543  Larch plantations

544 | Other conifer plantations

561  Spruce plantations

571 @ Plantations of noble broadleaves

572  Oak plantations

573 | Other broadleaf plantations

601 Coppice sessile oak forests on better sites

602 @ Coppice sessile oak forests on poorer sites

603 Coppice sessile oak and Turkey oak forests on better sites

W N W aOOoororo1o1o1o1o1o1o1 ool ool oo oo ool o1 oo o1 o1oo1 o1 oo o1 o1 o1 o1 o1 o1 o1 o1 o o1 o1 o1
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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

611  Coppice Turkey oak forests on better sites

612 Coppice Turkey oak forests on poorer sites

613 | Coppice Turkey oak and hornbeam forests

621 Coppice downy oak forests

631  Coppice holm oak forests

632 Coppice Macedonian oak forests

641 @ Coppice hornbeam forests

651 Coppice beech forests on better sites

652  Coppice beech forests on poorer sites

653 Coppice beech and heliophyte forests on better sites

654 | Coppice beech anigeliophyte forests on poorer sites

655 Coppice beech and hornbeam forests on better sites

656 @ Coppice beech and hornbeam forests on poorer sites

661 Coppice hop hornbeam forests

662 | Coppice manna ash forests

663  Coppice hofornbeam and manna ash forests

664 = Coppice oriental hornbeam forests

665 Coppice oriental hornbeam and manna ash forests

671 | Coppice sweet chestnut forests

701 Coppice degraded sessile oak forests on better sites

702  Coppice degraded sessile oak forests on poorer sites

703 Coppice degraded sessile oak and Turkey oak forests on better sites
704 | Coppice degraded sessile oak and Turkey oak forests on poorer sites
705  Coppice degraded sessile oak and hornbeam forests

711 | Coppice degraded Turkey oak forests on better sites

712  Coppice degraded Turkey oak forests on poorer sites

713 | Coppice degraded Turkey oak and hornbeam forests

721  Coppice degraded downy oak forests

731 | Coppice degraded holm oak forests

732  Coppice degraded Macedonian oak forests

741 | Coppice degraded hornbeam forests

751 Coppice degraded beech forests on better sites

752 | Coppice degraded beech forests on poorer sites

753  Coppice degraded beech and heliophfdeests on better sites
754 | Coppice degraded beech and heliophyte forests on poorer sites
755  Coppice degraded beech and hornbeam forests on better sites
756 = Coppice degraded beech and hornbeam forests on poorer sites
761  Coppice degraded hop hornbeam forests

762 | Coppice degraded manna ash forests

763  Coppice degraded hop hornbeam and manna ash forests

764 | Coppice degraded oriental hornbeam forests

765  Coppice degraded oriental hornbeam and manna ash forests
771 | Coppice degraded sweet chestnut forests

801 Sessile oak shrublands

N NDNDNDNDNDNNWNWNWDNDNDDNDNDNDNWODNDNDOODNWNDNDDNDNDNDNDNDWDNWDNWNDNDNDNDNDDNDWDN
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Code Management class Value ‘
802 | Turkey oak shrublands 2
803  Sessile oak and Turkey oak shrublands
804 | Other oak shrublands
805 Beech shrublands
806 @ Beech and other sciophyte shrublands
807 Marsh shrublands
851 | Holm oak maquis
971  Oriental hornbeam bushlands
972 | Hop hornbeam bushlands
973 Manna ash bushlands
974 | Hop hornbeam and manna ash bushlands
975 Hazel bushlands
976 | Pomegranate bushlands
977  Thorn bushlands
978  Juniper bushlands
3.3.2 Combining criteria into an individual map

g1 o1 o101 oo oTOoTNDNDNDNDNDDNDDN

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 nesasy 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:
0 0 Omw 0 &0 0 ™0 O Y 0 YYOUO ODw 0O 60

Where,

P ¢ quantification of total conflict intensity for RES development potential

EV; ¢ Conflict intensity of areas of ecological value normalised by maximum value (values from 0 to 1
interval)

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

FL. ¢ Conflict intensity of forests and forest land normalised by maximum value (values from O to 1
interval)

S ¢ Conflict intensity of settlements normalised by maximum value (values from O to 1 interval)

TR, ¢ Conflict intensity of touristecreational areas normalised by maximum value (values from O to
1 interval)

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

CHi ¢ Conflict intensity of culturahistoric goods normalised by maximum value (values from 0 to 1
interval)

w; ¢ 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
Wy Settlements 0.10082 0.12421
Ws Touristrecreational areas 0.09375 0.10445
We Areas with landscape value 0.11120 0.11302
W7 Culturathistoric 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 theselic& NR& | @
make it easier to use, the map with the final confiitiensity results is reclassified by designating
three levels of conflict intensity:

O« O¢ O«

Low conflictc Pvalues below 30% of the maximum value;
Medium conflict¢ Pvalues between 30% and 50% of the maximum value;
High conflict; Pvalues above 50% of the maximum value.

Ly 2NRSNJ {2

AYLINR @S

After this reclassification, it becomes possible to identify zones with low conflict intensity. These zones
are then compared with the previously generated developragottential maps to select the optimal
locations for the development of solar power plaaisd 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.

~

0 Step I¢ Criteria were selected as stated in the previous chapter

0 Step 2¢ Braluation of conflict intensity by criterion (TabletB.
Areas of ecological value for solar and wind resources (FigliBe Bigure 3.19

(0]

O O O 0o

(0]

Agricultural land (Figure 20)

Forests (Figure 21)

Settlements (Figure 32, Figure 23)
Tourism and recreational areas (Figur243.
Landscape&aluable areas (Figure2s)
Cultural and historical heritage (Figur®).

0 Step 3¢ Determination of the overall impact of all criteria combineohd reclassification in
order to obtain the resulting maps of conflict intensity for solar power plants and wind farms
in relation to all selected criteri@Figure 3.3, Figure 3.4).
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[] Granica Crne Gore/Border of Montenegro
[ 10 - bez konflikta/no conflict

[ 3 - sredniji konflikt/medium conflict

I 5 - visok konflikt/high conflict

Figure 3.18 Resulting map aftevaluatingthe criterion Areas of ecological value (solar)
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[ Granica Crne Gore/Border of Montenegro
[ | 0 - bez konflikta/no conflict

[ 3 - sredniji konflikt/medium conflict

Bl 5 - visok konflikt/high conflict

Figure 3.19 Resulting map aftevaluatingthe criterion Areas of ecological value (wind)
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(| Granica CG/State border

POLJOPRIVREDA/AGRICULTURE

[ 0 - bez konflikta/no conflict

[ 1 - veoma nizak konflikt/very low conflict
[ 3 - srednji konflikt/medium conflict

Il 5 - visok konflikt/high conflict

Figure 3.20 Resulting map aftevaluatingthe criterion Agricultural land
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[ Granica CG/State border

SUME/FORESTS
| 0 - bez konflikta/no conflict
[ 1 - veoma nizak konflikt/very low conflict
[ 2 - nizak konflikt/low conflict
[ 1 3 - sredniji konflikt/medium conflict
I 5 - visok konflikt/high conflict

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

NASELJA SOLAR/
SETTLEMENTS SOLAR

[ ] 0 - bez konflikta/no conflict
[ 3 - srednji konflikt/medium conflict
I 5 - visok konflikt/high conflict

Figure 3.22 Resulting map after evaluating the criterion Settlemestdar power plants
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) Granica CG/State border

NASELJA VIETAR/
SETTLEMENTS WIND

[ ] 0 - bez konflikta/no conflict
[ 3 - srednji konflikt/medium conflict
I 5 - visok konflikt/high conflict

Figure 3.23 Resulting map after evaluating the criterion Settlemewiad power plants
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[ Granica CG/State border

TURIZAM/TOURSIM

"1 0 - bez konflikta/no conflict

[ 3 - srednji konflikt/medium conflict
I 5 - visok konflikt/high conflict

Figure 3.24 Resulting map aftevaluatingthe criterion Touristecreational areas
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[ Granica CG/State border

PEJZAZ/VIEWSHED
Band 1 (Gray)
10 - bez konflikta/no conflict
I 1 - veoma nizak konflikt/very low conflict
[ 3 - sredniji konflikt/medium conflict
Il 5 - visok konflikt/high conflict

Figure 3.25 Resulting map after evaluating the criterion Landseajpable areas
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[ Granica CG/State border

KULTURNO-ISTORIJSKA DOBRA/
CULTURAL AND HISTORICAL ASSETS

| 0 - bez konflikta/no conflict
| 3 - srednji konflikt/medium conflict
B 5 - visok konflikt/high conflict

Figure 3.26 Resulting map aftevaluatingthe criterion Cultural and historical heritage
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Granica CG/State border

[ Granica CG

CONFLICT MAP- SOLAR reclassified
[ 1 - nizak konflikt/low conflict
2 - srednji konflikt/medium conflict
Il 3 - visok konflikt/high conflict

Figure 3.27 Resulting reclassified conflict map for solar power plants

% 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 reclassifiye conflict scores into lowmediumhigh categories.
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[ Granica Crna Gora/Border of Montenegro
CONFLICT MAP-WIND reclassified

[ 1 nizak konflikt - low conflict

[ ] 2 sredniji konflikt/medium conflict

Il 3 visok konflikt/high conflict

Figure 3.28 Resulting reclassified conflict map for wind power pfants

% 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 reclassifiye conflict scores into lowmediumhigh 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 figakntification of potential, these maps are filtered in
2NRSNJ 2 NBY2@S 12ySa (KIFIG ¢2dZ R T2'MMeusad®of | SR ¢
power plant development (Figure 3.26, Figure 3.27 and Figure 3.28). In these cases, the small areas
would correspond to lowcapacity power plants and their grid connection would only be meaningful

if connected to lower voltage levels (bel@B kV), which are not covered by this study.

Table 3.7 Area of all evaluated zones with development potential [ha]
Solar power plantg;  Solar power plants;

Wind power plants

transmission grid distribution grid
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 accountommon 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:

0 Solar potentiat 1 ha =1 MW

0 Wind potential¢ 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 highitability potential is obtained:

0 Solar power plants connected to the distribution netwaqrg,435 MW?
0 Solar power plants connected to the transmission netwpik352 MW
0 Wind power plantg; 656 MW

The identified potentials for solar power plants connected to the distribution grid and to the
transmission grid shdd not be summed, asectain 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 anypew generation facility changes the situation regarding the security and
quality of operation of the power system. This primarily refers to its miecation and technical
characteristics, which influence the need for continuous updating of the usahmable 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 $talled capacity that significantly exceeds the capability of
the grid infrastructure to accommodate them.

" The filteredsectionsare below 3 ha for distributioandbelow 10 ha for transmission.

B 20rGA2ya 6A0GK KAIK GSOKYyAOFft LRAOSYGALIt FyR f2g 0O2y:
ability to accommodate all possible production. Taking into account the current condition of the grid and the

issued technical connection regaments, it is currently possible to usé 235 MW of the identified solar

potential.
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[ Granica Crne Gore/Border of Montenegro

MAPA RAZVOINOG POTENCIJALA NISKOG KONFLIKTA PRENOSNA MREZA SOLAR filtrirana/
LOW-CONFLICT MAP FOR TRANSMISSION SPP DEVELOPMENT filtered

[ 11 - veoma niska pogodnost/very low suitaibility

[ ]2 - niska pogodnost/low suitaibility

[ 1 3 - srednja pogodnost/medium suitaibility

I 4 - visoka pogodnost/high suitaibility

Figure 3.29 Low conflict map for transmission solar power plant development
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[ Granica Crne Gore/Border of Montenegro

MAPA RAZVOINOG POTENCIJALA NISKOG KONFLIKTA DISTRIBUTIVNA MREZA SOLAR filtrirana/
LOW-CONFLICT MAP FOR DISTRIBUTION SPP DEVELOPMENT filtered

[ 11 - veoma niska pogodnost/very low suitaibility
[ ]2 - niska pogodnost/low suitaibility

[ 1 3 - srednja pogodnost/medium suitaibility

I 4 - visoka pogodnost/high suitaibility

Figure 3.30 Low conflict map for distribution solar power plant development
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Granica Crne Gore / Border of Montenegro

Figure 3.31 Low conflict map for wind power plant development

64




































































































































