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ABSTRACT

As the effects of the climate change become more pronounced and the
energy demand is increasing, the interest for renewable energy investments is
growing globally. However, the exploitation of the renewable energy
resources has to be implemented in a rational and sustainable way, taking
into account both the maximization of the renewable energy potential, but also
the social and environmental implications accruing.

This study aims to develop a useful methodology for clarifying and
prioritizing at a regional level, the most suitable locations for siting wind and
solar farms, as well as biomass and biogas plants. By employing
Geographical Information Systems (GIS) and the Analytical Hierarchy
Process (AHP), the sustainable siting areas for renewable energy installations
siting are identified, applying a spatial multi-criteria decision-making (MCDM)
approach.

The adopted methodology identifies the available siting areas for each
Renewable Energy System (RES), based on exclusion criteria derived from
the Specific Framework for the Spatial Planning and Sustainable
Development for the Renewable Energy Sources (SFSPSD-RES) and related
legislation. Furthermore, the available siting areas for each renewable energy
technology are evaluated through a multicriteria analysis, based on evaluation
criteria derived from the literature. Moreover, the sustainable locations for
each renewable energy technology are derived, considering also the relative
importance of the selected criteria, through the AHP implementation and the
criteria pair-wise comparisons performed by involved energy-related groups.

Therefore, the main result of this study is the development of a
strategic planning methodology for the sustainable siting of RES, which was
applied for the case study of the Regional Unit of Rethymno. The developed
methodology employs different types of criteria, such as techno-economic and
socio-environmental, it takes into account the distinct opinions of different

stakeholders and it enables the evaluation of different scenarios.

Key words: RES siting, exclusion and evaluation siting criteria, spatial
multicriteria analysis, sustainable siting areas, GIS, AHP



NEPIAHYH

KaBwg Ta atmroteAéoparta TnG KAIMATIKAG aAAayAg yivovTal Ao Kal TTio
@AVEPA KAl Ol EVEPYEIOKES AVAYKESG auEavovTal, TO EVOIOPEPOV YIa ETTEVOUOCEIG
oe Avavewolues lMNMnyég Evépyeiag (AME) augdverar TTaykoopiwg. BéBaia, n
EKMETAAAEUON TWV QVAVEWOIMWY TTOPWV TIPETTEL VA YIiVETAI HE  TPOTTO
opBoAoyikG Kal Biwoiyo, Aaupdavovrag utmown 1600 TN PEYIOTN OuvaTh
EKMETAAAEUON Tou OuvapikoUu AlE, aA\& Kkal  TIG  KOIVWVIKEG  Kal
TTEPIBAAAOVTIKEG ETTITITWOEIG TTOU PTTOPEI VA TTPOKUWOUV.

O oKkoTToG TNG TTapouoag PEAETNG €ival n dnuioupyia piag Xpnoiung
peBodOAoyiag yia TnV TTPOTEPAIOTTOINON O€ TOTIKO ETTTEdO, TWV TTIO
KaTAAANAwV  Béocewv  yia T XwpoBETnon  AIiOAIKWV  Kal  NAIGKWV
EYKATAOTACEWY, KABWG Kal Hovadwyv eKPETAAEUONG Bioudlag kal Bloagpiou.
Mn Tn xpnoipotroinon MNewypa@ikwy 2ZuoTnudatwy MNMAnpogopiwy (MZMM) kai Tng
MeBddou AvoAuTiknG lepdpxnong, avayvwpifovtal ol BIWOCIPEG TTEPIOXES
XwpoBETnong kaBe cuoTtuatog AMNE, pe Tnv €@apuoyn Hia XWwPIKAG TTOAU-
KPITNPIOKAG avAaAuong.

Me Tnv TTapouca peBodoloyia avayvwpilovtal ol dIABECIPES TTEPIOXES
XwpoBETnong kaBe cuoTpaTtog AMNE, pye Baon KpITAPIA ATTOKAEIOPOU aTTd TO
Eid1k6 MAaiolo XwpoTtagikou Zxediaouou kal Asipdpou AvaTrTuéng yia Tig AMNE
Kal Tn OXeTIKA vouoBeaia. Etriong, o1 dlaBéoiueg TepIoxES XwpoBETnong KAOE
ouotiuatog AlE a&iohoyouvrar pe TNV €QApPUOyYr)  TTOAU-KPITNPIAKAG
avaluong, pe Bdaon kpithpia agloAdynong amd 1n BiBAloypagia. ‘ETol,
TIPOKUTITOUV Ol BIWOCIPEG TTEPIOXEG XwWPoBETNONG, AauBdvovtag TTapdAAnAa
uttOoWwn TN OXETIK ONPAVTIKOTNTA TWV  ETTIAEYPEVWY  KPITNPIWY, HME TNV
epappoyn TNG MeBddou AvaAuTIKNAG lepdpxnong Kal TRV TTPAYUATOTTOINCN TWV
KATA {eUyn OUYKPIOEWV TWV KPITHAPIWV aTTO EUTTAEKOUEVOUG POPEIG.

Emopévwg, 1O KUpIO aTroTéAeopa TNG TTapoucag MEAETNG €ival n
avaTTuén piag peBodoAoyiag yia Tov oTpatnyikéd oxediaoud Kal Tn Biwoiun
XWPOoBETNON povadwy AME, n oTroia eQapuOCTNKE yIa TNV MEAETN TTEQITITWONG
NG Mepipepeiakng Evotnrag Pebupvng. H pebBodoloyia autr) Aaupaver utrown
OIAPOPETIKOUG TUTTOUG KPITNPIWY, OTTWG TEXVOOIKOVOUIKA, KOIVWVIKA KAl
TTEPIBAAAOVTIKG KPITAPIA, KABWG Kal TIG OIOPOPETIKEG ATTOYEIG EPTTAEKOUEVWV

QOPEWV Kal ETITPETTEI TNV AEIOAOYNON EVAAAAKTIKWY CEVAPIWV.
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Aégeig KAeidia: xwpoBétnon ocuotnudtwy AlE, kpitipla atmokAEiIopoU Kal
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Section 1: Introduction

1 Introduction

It is a common knowledge nowadays that, climate change is one of the
biggest problems that the humanity has to address, in association with the
ever-growing energy needs and the excessive natural resources
consumption. Therefore, as the effects of the climate change become more
pronounced, the need to increase the penetration of renewable energy
sources in the energy mix is growing globally. The European Union (EU), in
the light of the climate change, energy supply security and reduction of its
dependence on imported fossil fuels has fostered the diffusion of renewable

energy technologies, for a more sustainable energy production.

The EU’s Renewable Energy Directive [89] has established an overall
policy for the production and promotion of renewable energy in the EU. It
requires the EU to fulfill at least 20% of its total energy needs with renewable
energy by 2020. To achieve this, EU countries have committed to reaching
their own national targets, taking into account their starting point and
renewable energy potential, ranging from 10% for Malta to 49% for Sweden
[90]. For Greece, the national targets concern a 4% reduction of greenhouse
gases from the 2005 levels, as well as an 18% penetration of renewable
energy in the gross final energy consumption by 2020 (expected amount of
energy from renewable sources 4,341 ktoe) [38]. However, the Greek
government, with the adoption of new environmental policies, with the Law
3851/2010 has increased its national target to 20%, concerning a 40%
contribution of RES to electricity production, 20% for heating and cooling

energy needs and 10% for transport [101].

However, renewables will continue to play a key role for the EU to meet
its energy needs beyond 2020, as EU countries have already agreed to a new
renewable energy target for 2030 [91]. These new targets concern a 40% cut
in greenhouse gas emissions compared to 1990 levels and at least a 27%
share of renewable energy consumption in the EU as a whole by 2030 [15].
Therefore, the growing concern for environmental issues and more

specifically for the environmental impacts of the conventional electricity
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Section 1: Introduction

generation systems, has opened up the dialogue for the renewable energy

sources exploitation in a rational and sustainable way.

The energy sector in Crete has unique characteristics, due to Crete’s
island nature, sensitive ecosystems and distance from the mainland.
Furthermore, Crete has an autonomous electricity production system, where
the supply of conventional energy resources occurs only via sea
transportation [74]. Finally, the increasing energy demands, especially in the
tourist season, and the European and national targets for renewable energy
promotion have led to an increasing interest for renewable energy

investments.

In addition, the region of Crete, due to its position and Mediterranean
climate can effectively accommodate the installation of renewable energy
systems. The strong Mediterranean winds encourage the siting of wind farms,
the solar potential is ideal for installations exploiting the solar radiation and the
developed agricultural sector, due to Crete’s mild climatic conditions, can
launch the production of energy from biomass from agriculture residues.
However, for the sustainable siting of renewable energy installations, together
with the greatest possible exploitation of renewable energy resources, the
social and environmental implications accruing must be taken into
consideration, such as conflicts of land use, preservation of the natural

environment and sensitive ecosystems and social reactions.

The aforementioned points demonstrate the need for the development
of a methodology for the sustainable siting of renewable energy installations
at a regional level. Therefore, this study aims to develop a dynamic
methodology for the complete prioritization of the available locations for siting
solar and wind farms, as well as biomass and biogas plants, at a regional
level, based on a wide selection of evaluation criteria. In addition, this
methodology enables the sustainable siting areas identification, for each
renewable energy technology studied, by employing Geographical Information
Systems (GIS) and a Multi-Criteria Decision-Making (MCDM) technique.

With a GIS, all the required information for siting renewable energy

systems can be incorporated, allowing the analysis of spatial data and the
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Section 1: Introduction

production of dynamic maps. The Analytical Hierarchy Process (AHP) is a
widespread MCDM technique, which allows the combination of different
evaluation criteria. In addition, AHP allows the participation of different
stakeholders of energy-related fields, by the implementation of pair-wise
comparisons of the evaluation criteria, for their relative importance
determination. The aforementioned capabilities reinforce the developed RES
sustainable siting methodology, for the minimization of the socio-
environmental impacts and the maximization of the techno-economic

potential.

The adopted methodology was applied in the Regional Unit of
Rethymno, while in the next Sections all the stages for the renewable energy
potential and sustainable siting areas identification of the study area will be

presented. More specifically:

Section 2 presents an overview of the literature, with regard to finding
the optimal locations for siting RES, presenting the different approaches and
methodologies employed in the literature for the site selection problems of

wind and solar energy installations, as well as biomass and biogas plants.

Section 3 describes the main steps of the adopted methodology,
providing also an overview of the current situation of the study area. In
addition, a detailed description of the exclusion criteria, derived mainly from
the legislation is conducted, for the available siting areas identification for
each renewable energy technology studied. In addition, for each RES, the
evaluation criteria of the available siting areas, derived mainly from the
literature review, are described. Finally, this Section provides also a
description of the classification of each criterion to the five-classes priority
scale selected.

In Section 4, a detailed presentation of the Analytical Hierarchy
Process is implemented, presenting also its application in this study. In
addition, the methodology for the priority maps production and the sustainable
siting areas identification, for each renewable energy technology studied is
presented. Finally, in this Section, the results in terms of each municipality’s

coverage, by the sustainable siting areas are provided, for each RES.
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Section 1: Introduction

Section 5 presents the results of the sensitivity analysis implemented,
for each RES studied, by employing equal-weighted, techno-economic, socio-
environmental and safety scenarios. In addition, a comparison of the results
from the AHP and the adopted sensitivity analysis scenarios is conducted, for
checking the sensitivity of the developed methodology’s results.

Section 6 provides a summary of this study and of the conclusions that
are accruing. In addition, in Section 7 further research that can be

implemented is also discussed.

Finally, in the Annexes, the literature review implemented can be
found, providing an overview of the evaluation and exclusion criteria selected
in the literature, as well as of the evaluation criteria classification and
constraints adopted by different RES site selection studies. In addition, the
guestionnaire sent to the different participants, for the AHP implementation is
presented. Finally, the Map Annex presents the main maps produced for the

Regional Unit of Rethymno, for the RES siting investigated.
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Section 2: State of the art on the Renewable Energy Systems siting problem

2 State of the art on the Renewable Energy Systems siting

problem

The selection of suitable sites to host renewable energy installations is
a quite complex problem, as it requires evaluating different criteria, e.g.
renewable energy potential, the existence of infrastructure etc. In the
literature, the problem of defining suitable locations for siting RES is a
common one, where researchers usually employ Multi-Criteria Decision-
Making techniques (MCDM) and Geographic Information System tools to
optimally combine the different evaluation and exclusion criteria. However,
studies vary widely with respect to the energy technologies considered, the
methodologies applied and the spatial scale of the area taken into
consideration. In this Section, an overview of different studies with regard to

finding the optimal locations for siting RES is provided.

2.1 Siting of wind energy installations

GIS-based MCDM approaches for wind power plant site selection are
the most common in the literature, as wind installations are usually connected
with several potential environmental impacts, such as electromagnetic
interferences, noise, visual impact, bird impacts etc. [73]. Therefore, the first
step for defining the optimal locations for siting wind farms is to exclude the
areas, where these impacts may occur. After defining the appropriate
constraints and buffer safety distances, the evaluation criteria of the available
locations are chosen. In Annex A, the constraints and evaluation criteria, from

the studies found in the literature are presented.

Tsoutsos et al. [60] developed a methodology for the comprehensive
evaluation and prioritization of available areas for siting wind farms and
applied it in the island of Crete, by employing the Specific Framework for
Spatial Planning and Sustainable Development for Renewable Energy
(SFSPSD-RES), Geographic Information Systems and multicriteria analysis.
Based on the SFSPSD-RES [85] the legally available areas for wind farms

siting were determined and they were evaluated based on selected criteria,
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such as distances from national parks, airports, main roads etc. The criteria
were classified into five scales of priority and were synthesized by summing
the values of the area at all the criteria. The total priority of each area was
further analyzed taking into account the criterion of wind potential and the
carrying capacity of the sustainable siting areas was determined. Voivontas et
al. [64] also studied the renewable energy potential in Crete, using a GIS
decision support system and evaluated the economic potential of wind energy

projects.

In another study about the island of Crete, Kokologos et al., [30]
developed a methodology for the assessment of the visual impacts of wind
parks and applied it in a wind park in the Regional Unit of Chania. The
developed methodology allowed for the evaluation and reduction of the visual
impacts, by combining quantitative indicators for the visual impacts
guantification and 3D simulation of the study area. In addition, a multi-criteria
methodology was also employed for the sustainable energy planning of the
island of Crete, by Tsoutsos et al., [61], with the implementation of the MCDM
PROMETHEE model. The authors employed a set of energy planning
alternatives, based on different technology solutions for the sustainable
energy supply of Crete and evaluated them against economic, technical,
social and environmental criteria, identified by the stakeholders involved in the

island’s energy planning.

Atici et al. [4] dealt with the site selection problem for wind power plants
in Western Turkey, with a two-stage methodology, employing a GIS tool. In
the first stage, they eliminated infeasible sites based on selected elimination
criteria and constraints and then they used ELECTRE methods to rank the
available areas, based on identified evaluation criteria. The ELECTRE-TRI
methodology was also employed by Sanchez-Lozano et al. [47], in order to
rank the optimal sites for onshore wind farms on the coast of the Region of

Murcia, in Spain.

The most commonly used MCDM technique in the literature for
renewable energy site assessment is the Analytical Hierarchy Process (AHP).

In general, AHP is in the broader category of pair-wise comparison MCDM
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techniques, where the attributes’ relative importance is assessed by ranking
them against each other [59]. Bennui et al. [8] applied a GIS-based AHP
model to select the optimal sites for wind farms in five provinces in Thailand.
A similar model was applied by Tegou et al. [59], where a set of constraints
were applied and then different criteria were defined for wind farms site
selection in Lesvos, Greece. Finally, Szurek et al. [57] also employed an AHP
approach for the definition of the evaluation criteria weights for wind farms
siting in Lower Silesia, Poland. They used a five scale suitability classification
of each criterion and then they employed a weighted linear combination
(WLC) based on the occurring weights from the AHP process. However, these
studies do not give sufficient explanation about who assigns the criteria
weights. Therefore, it is not clear, if they accrue based on the authors’
expertise or if a group of experts is assigned to conduct the necessary pair-

wise comparisons.

Baban and Parry [6] also applied the same model, where constraint
layers were created and scores were assigned to the selected criteria, after
consulting local council bodies and wind companies in UK. Therefore, an
equal-weighted aggregation, as well as a pair-wise comparison of the
selected criteria was applied. However, the weights are not directly assigned
to the criteria, but instead four groups of factors are pair-wise compared, in
order to derive the relative importance of each factor. Latinopoulos and
Kechagia [31] applied an AHP approach for the suitability assessment of
future, as well as already licensed wind farms in the Regional Unit of Kozani,
Greece. The evaluation criteria were represented as fuzzy sets, where the
membership functions were used to estimate the satisfaction degree of each
factor, for each grid cell of the study area. In addition, the authors developed
three different scenarios to assess the suitability of each potential siting area
(a scenario of equal-importance factors, a scenario focusing on the
environmental and social suitability and a scenario focusing on the technical
and economic feasibility) and the importance of the criteria was defined based
on the authors expertise.

A comprehensive GIS-based AHP approach was applied by Watson
and Hudson [66] for the suitability assessment of wind and solar farms
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developments in southern England. The authors constructed a set of
constraint layers and consulted seven experts to evaluate the relative
importance of the selected evaluation criteria. A similar approach was also
applied by Hofer et al. [26] for wind farms siting at Aachen, Germany. The
authors present a comprehensive literature review for the identification of the
most important aspects, influencing the suitability of the siting areas for wind
energy installations and assigned value scores to each criterion in order to
allow a spatial rating of the potential locations. In addition, 22 local wind
power experts, from different wind- related power groups, such as business,
science, administration, environmental and local public initiatives were asked
to perform pair-wise comparisons of the selected criteria, in order to
determine their relative importance. Finally, the authors emphasize that the
experts were selected in such a way that their different opinions reflect the
complexity of the RES siting problem and that finding the areas that are most

acceptable by most stakeholders is of greatest importance.

Gorsevski et al. [20] and Hansen [24] used weighted linear combination
(WLC) techniques and GIS functionality for wind farm site selection in
Northwest Ohio, USA and Northern Jutland, Denmark respectively. In these
studies, the selected criteria were represented using fuzzy membership
equations and a direct assignment of the criteria weights was performed.
Gorsevski et al. [20] asked 30 university students to assign weights to the
selected criteria, without performing pair-wise comparisons and Hansen [24]
directly assigned the criteria weights, based on his common sense. In
addition, Janke [29] studied the wind and solar potential of Colorado, USA
and the suitable locations for wind and solar energy projects, by incorporating
a GIS-based methodology with direct assignment of the criteria weights,
based on his expertise. Finally, Noorollahi et al. [39] dealt with the wind farms
siting problem in Markazi province, Iran, by employing restrictive and
classifying analytical methods. They divided the study area into suitable and
unsuitable based on exclusion criteria using the Boolean logic and classified
the suitable locations based on three classifying criteria (wind speed, distance
from electric power lines, highways and roads) with different weight influence,

using the Weighted Index Overlay method.
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Van Haaren and Fthenakis [22] presented a method for site selection
for wind turbine farms in New York State, based on a spatial cost-revenue
optimization. The authors, after excluding infeasible sites for wind turbine
farms, they evaluated the feasible locations based on the expected net
present value from four cost and revenue categories (revenue from electricity
production, costs from access to roads, power lines and land clearings) and
the potential impacts on bird habitats. A similar approach was also adopted by
Schallenberg-Rodriguez and Notario-del Pino [50] for wind potential
evaluation in the Canary lIslands, taking into account territorial and techno-
economic constraints and performing a cost analysis based on the net present

value.

Rodman and Meentemeyer [43] developed a rule-based GIS model to
predict suitable locations for large and small-scale wind energy projects in the
Greater San Francisco Area, USA. They created three models: a physical, an
environmental and a human impact model, where each model consists of
different layers (e.g. wind speed layer in the physical suitability model) and
each layer is subdivided into multiple classes, where each class gets values
scores according to its suitability. Moreover, the weights of the different layers
where directly assigned, with no explanation about who assigns them and the
three models where combined to produce the total suitability of the potential
siting locations. Aydin et al. [5] identified the environmental objectives
associated with energy generation from wind turbines in Western Turkey,
which are quantified with certain criteria. They used fuzzy membership
equations for six environmental objectives (e.g. acceptable in terms of natural
reserves), generated using associated criteria (e.g. distances from
ecologically sensitive areas, water bodies and areas of ecologic value). The
generated membership equations are used to compute individual satisfaction
degree for each potential location and objective. Finally, aggregation
operators were used, such as ‘and’ and ‘or’, as well as ‘ordered weighted
averaging (OWA)’ to indicate satisfaction of all, any or most environmental

objectives respectively.

Sliz-Szkliniarz and Vogt [53] evaluated the wind energy potential in a
region of Poland. They determined the available locations for wind

22



Section 2: State of the art on the Renewable Energy Systems siting problem

installations siting based on the spatial and ecological policy. In addition, they
performed horizontal and vertical interpolation of measured wind speed
datasets from weather stations to derive the continuous surface of wind speed
to rotor blade heights. They defined the vertical profiles of wind changes and
performed geo-statistical methods, such as Ordinary Kriging, Ordinary
Cokriging, Inverse Distance Weighting (IDW) and Polynomial Interpolation
Methods (PIM) in a GIS environment, using the corresponding geo-statistical

tools.

2.2 Siting of solar energy installations

In this Section, an overview of the literature review for the solar
installations siting problem is presented. Photovoltaic Installations (PV) are
usually connected with small environmental impacts, as they harness a
natural renewable energy source, the sun, allowing the direct conversion of
solar radiation to electricity and they do not cause atmospheric emissions
[73]. However, large-scale PV systems may cause some environmental
impacts, due to the large area required for their operation, causing visual
impacts, the potential occupation of arable land and disturbance of the local
ecosystem (flora and fauna) [73]. In addition, concentrated solar power (CSP)
systems generate solar power by using mirrors or lenses that transform solar
energy into heat, which is then converted to electricity by means of steam
turbines [68]. CSP systems are usually selected for their higher efficiency, but
they require large areas for their operation, special cooling systems (large
water quantities), causing visual impacts, noise, impacts to the water bodies
and disturbance of the local ecosystem [73]. Therefore, the problem of finding
suitable locations for these installations is crucial and quite common in the
literature, where GIS-based approaches and multicriteria methods are usually
employed by the researchers. Finally, in Annex B, the most common

evaluation criteria and restrictions from the literature review are presented.

Aly et al. [2] used MCDM methodology for the identification and
prioritization of the suitable locations for siting PV and CSP installations in

Tanzania. They incorporated a GIS tool for the exclusion of unsuitable
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locations and the production of suitability maps. For the definition of the
relative importance of the selected criteria, the authors employed the AHP
methodology, but due to lack of regional experts, they performed an extensive
literature review for the implementation of the necessary pair-wise
comparisons. Finally, suitability maps were produced using the weighted
linear model and performing sensitivity analysis. A similar approach was also
employed by Asakereh et al. [3] for identifying suitable PV sites in the study
area of Khuzestan province, Iran, but instead of assigning value scores to the
classes of each selected criterion, they used fuzzy membership equations to
represent the selected criteria. Finally, an AHP approach was also used by Al
Garni and Awasthi [10] for PV power plant site selection in Saudi Arabia,
where the pair-wise comparisons were based on the authors’ expertise and
the literature, while the suitability index of each potential location accrued by

the employment of the weighted overlay tool in ArcGIS.

As it was mentioned before, AHP methodology is quite common in the
literature for defining the relative importance of the selected criteria for the
selection of suitable sites of solar installations. Carrion et al. [11] and Uyan
[62] implemented a GIS-assisted two-staged AHP methodology for a region in
Andalusia, Spain and the Karapinar region, Turkey respectively. Georgiou and
Skarlatos [21] used satellite images and image classification techniques for
the production of land use, built-up areas and surface waters classes and
employed AHP process for acquiring the PV siting criteria weights in
Limassol, Cyprus. Sadeghi and Karimi [46] and Merrouni et al. [35] also
approached with AHP methodology the solar farms site selection problem, in
Iran and Marocco respectively. Finally, Yushchenko et al. [68] evaluated the
geographical and technical potential for solar electricity generation, from PV
and CSP plants, in rural areas of West Africa, producing two different
scenarios for the implementation of the criteria pair-wise comparisons (the
first concerning the solar irradiance as the main criterion and the second
concerning the minimization of potential investment costs). However, in these
studies, the pair-wise comparisons are conducted by the authors and different
scenarios are examined through a sensitivity analysis, not directly taking into

account the stakeholders inputs.
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Besides AHP methodology, in the literature, other MCDM techniques
can be found for approaching the PV and CSP site selection problem.
Sanchez-Lozano et al. [49] used the ELECTRE-TRI method for the solar
farms site selection in the region of Murcia, Spain. They applied a set of
restrictions for defining the feasible siting areas and then they evaluated 20
alternative sites, based on 10 selected criteria. In addition, they consulted an
expert in solar photovoltaic facilities, who provided based on his expertise the
lower and upper reference profiles of the criteria, as well as the indifference,
preference and veto thresholds. Tavana et al. [58] introduced a fuzzy multi-
criteria methodology for solar farm site selection, where GIS and MATLAB’s
fuzzy logic toolbox were employed. The authors consulted several experts for
the definition of the evaluation criteria and the crisp input data of each
criterion were converted into a membership degree of participation into
linguistic subsets (low, medium, high). In addition, 37 if-then rules
incorporating the criteria weights accruing from an AHP process were
considered, producing that way the final priority maps of two Iranian regions
for PV installation. Finally, Mondino et al. [36] produced a synthetic index
representing ground-mounted PV plants carrying capability in North Italy,
incorporating quantitative and qualitative criteria (restricted areas), with
assigned weights produced by means of an Artificial Neutral Network (ANN)

analysis.

Sindhu et al. [52] and Sanchez-Lozano et al. [48] applied a hybrid
AHP-TOPSIS methodology for the evaluation of solar farms siting locations in
India and Cartagena, Spain respectively. AHP process was used for the
criteria weights definition and TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) methodology was applied for the assessment of
the alternatives based on the concept that the chosen alternative should have
the shortest distance from the Positive Ideal Solution (PIS) and the farthest
from the Negative Ideal Solution (NIS). In addition, the Boolean overlay was
applied by Hott et al. [28] and Merrouni et al. [34] with no assignment of
criteria weights in the case studies of Wyoming, USA and Eastern Morocco
respectively. Moreover, Charabi and Gastli [12] performed a fuzzy multi-

criteria analysis in GIS-environment for PV site suitability analysis in Oman,
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using OWA and AHP methodology, where all objectives were selected to be
met simultaneously. Finally, Sun et al. [56] performed a technical and
economical potential analysis of solar PV generation in Fujian Province,
China, based on the geographical potential analysis, which identified the
suitable land areas for constructing PV plants, taking into account

geographical constraints.

2.3 Estimation of the solar resource

As it can be seen from the Tables in Annex B, the solar potential is a
critical criterion for the suitability assessment of an area for PV or CSP
installation. In many studies, a value of 1,800kWh/m? for the average yearly
solar irradiance on the ground level is taken as a lower limit for characterizing
an area of having a good solar potential for siting solar installations ([35], [2],
[68]).

As the solar radiation goes through the atmosphere it suffers different
processes of absorption, dispersion or scattering that result in lower levels of
radiation being received at the Earth’s surface. The main source of
attenuation is the cloud cover, but other atmosphere components, such as O3
or CO,, liquid and solid particles in suspension (aerosols, water vapor) can
affect differently the wavelengths of solar radiation, causing the spectral
distribution of the solar radiation at ground level to be different from the
extraterrestrial one. The solar radiation received at ground level, known as
global horizontal irradiance (GHI) is the sum of three components: the direct
normal irradiance (DNI), the diffuse horizontal irradiation (DHI) and the
ground-reflected irradiation. DNI is the fraction of the solar radiation that
reaches the ground level, without being attenuated by the atmosphere and the
DHI is the solar radiation that reaches the ground after being reflected or
scattered by the atmosphere. Finally, the third component, which is not
always taken into consideration, is the reflected radiation from the ground
surface or nearby obstacles [92].

Many authors stress that PV technology works in the presence of both
DNI and DHI solar irradiation, unlike CSP technology which works only by
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using the DNI ([10], [28], [68]). In the context of the solar potential estimation,
in the literature, there are different methodologies employed, as presented in
Table 2.1. Some authors employ geostatistical methods, such as Kriging
interpolation, for the solar potential estimation from surface meteorological
stations’ measurements ([3], [34]), while others incorporate the AREA SOLAR
RADIATION extension of the ArcGIS Spatial Analyst toolbox. In general, this
ArcGIS tool results in the calculation of the insolation (Wh/m?) across an
entire landscape introduced as a DEM file in the tool. The routine can be run
for a maximum time interval of 1 year, but options are also available for a
month or a day intervals, while both the GHI and DNI raster files can be
produced. However, the tool requires the determination of some solar
radiation parameters, such as the diffusing part of the GHI (diffuse
proportion), as well as the fraction of the radiation that passes through the
atmosphere, in relation to the extraterrestrial radiation (transmissivity) [94]. In
this study, the Area Solar Radiation tool was used for the calculation of the
GHI and DNI for the Regional Unit of Rethymno, while the solar parameters
determination is described in detail in Section 3.

Table 2.1 Overview of the methods for the assessment of the solar
potential from the literature review

Authors Solar potential determination

Kriging interpolation in ArcGIS of the monthly and
yearly average data from 20 meteorological
stations

Asakereh et al.,

[3]

Area Solar Radiation extension in ArcGIS:

Al Garni and Awasthi, [10] Transmissivity= 0.65, Diffuse proportion=0.36

Sun et al., Area Solar Radiation extension in ArcGIS:
[56] Transmissivity= 0.63
Charabi and Gasli, Area Solar Radiation extension in ArcGIS:
[12] Transmissivity= 0.65
Merrouni et al., High accuracy GHI solar map of Eastern Morocco
[35] from the IRESEN's server map portal
Sindhu et al., NASA Surface meteorology and Solar Energy
[52] (SSE) database
Hott et al., GHI and DHI raster files from the National
[28] Renewable Energy Laboratory (NREL)
Watson 6[122] Hudson, Area Solar Radiation extension in ArcGIS
Janke, DHI raster files from the National Renewable
[29] Energy Laboratory (NREL)
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Table 2.1 Overview of the methods for the assessment of the solar
potential from the literature review

Authors Solar potential determination

Sadeghi and Karimi,

[46] Area Solar Radiation extension in ArcGIS

Area Solar Radiation extension in ArcGIS-
customization of input data from JRC’s PVGIS
utility

Mondino et al.,
[36]

Kriging Interpolation in ArcGIS of the monthly and
yearly average data from 10 meteorological
stations

Merrouni et al.,
[34]

2.4 Biomass potential

The achievement of the European Union’s challenging goal of 27%
final energy consumption from renewable sources by 2030 [91] requires the
consideration of the potential contributions that every type of renewable
energy source can make. Biomass constitutes a key renewable energy source
and calls for its energy-generating potential to be estimated. Therefore, the
estimation of the energy-generating potential from forest and agricultural
biomass, as well as from animal manure, municipal wastes and other biogas

sources has piqued the interest of the scientific community.

Biomass is a clean, environmentally friendly and inexhaustible energy
source, which is considered not to contribute to the increase of the
greenhouse gases, as the CO, quantities produced during the biomass
combustion are considered to be employed during its production by the
photosynthetic process. However, energy production from biomass is usually
connected with some environmental impacts, as emissions and particularly
smell and noise emissions cannot be avoided [13]. In addition, the wood
biomass and biogas feedstock transportation is considered the source of
major environmental impacts, in terms of visual, audio impacts and
atmospheric emissions [73]. Therefore, apart from the energy potential
estimation of biomass resources based on statistical data and land uses maps
(e.g. Corine databases), the suitable locations for biomass power plants and
the biomass logistics and transport optimization are also a common study

area in the literature.
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The main sources of wood biomass residues in Crete originate from
olive trees, fruit trees and vineyards [63]. Voivontas et al. [65] assessed the
available biomass potential from agricultural wastes in Crete, taking into
account statistical data, alternative uses of the agricultural residues and the
efficiency of the residues collection process. In addition, they evaluated the
technological and economical biomass potential, taking into account the
characteristics of the energy production technologies and the alternative
energy sources. Finally, the authors conclude that the island of Crete has a
significant biomass potential that can be economically and competitively

harvested.

Lourinho and Brito [33] assessed the biomass energy potential from
agroforestry residues in a region of Portugal, using land cover maps and
estimating the area capable of generating biomass residues. However, for the
guantification of the area effectively occupied by each biomass species, the
effective area of each land cover polygon was defined from the product of the
total polygon area by the vegetation cover percentage and the occupation rate
of each species. Moreover, they considered a set o restrictions for the
collection of the resource by excluding areas with a slope greater than 20%
and areas not easily accessible (distance 3km from the road network). Finally,
the annual quantities of agroforestry biomass and the corresponding energy
potential were defined taking into account the residue productivity of each
species, the fraction of residues that can be effectively used for energy
purposes and the efficiency of the resource to energy conversion technology.
Similar restrictions, concerning the slope and access of an area, were
adopted by Lopez-Rodriguez et al. [32] for the spatial assessment of the
bioenergy potential from forest residues in Caceres province, Spain.
Fernandes and Costa [16] also assessed the biomass potential from
agricultural and forestry residues in a region of Portugal and illustrated the
biomass potential for energy utilization, analyzing the heating system of a

hotel located in the region.

Land cover maps were also employed by Gomez et al. [19], in order to
assess the energy contents of agricultural and forestry residues in Spain and

their associated electricity generation potential. They applied a set of physical,
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geographical (exclusion of protected areas, where forest management is not
permitted) and technical restrictions (exclusion of areas with a slope greater
than 20%) and performed an economic analysis considering three
transformation technologies. Beccali et al. [7] used CORINE land cover maps
in order to assess the technical and economic potential of biomass
exploitation in Sicily, Italy. In addition, the adopted methodology incorporated
agricultural, economic, climatic and infrastructural data for the definition of
collection points of the agricultural residues and the assessment of the
biodiesel production potential, supposing the cultivation of rapeseed in arable

Crop areas.

However, with the employment of land cover maps, the pruning wood
productivity coefficients have to be determined, for each species, for scaling
up the biomass quantities when multiplied by the area of a specific crop.
Table 2.2 presents different values for these coefficients for agricultural crops,
found in the literature, from different biomass potential assessment studies in

different Mediterranean areas.

Table 2.2 Pruning wood productivity coefficients from the literature
review for agricultural crops

Annual Pruning wood productivity

coefficients Source
Olive Trees Fruit Trees Vineyards
Lourinho and Brito, [33],
1.5t/ha 2 t/ha 7 t/ha Fernandes and Costa, [16]
(Portugal)
1 :
16.92 -5.11 Voinontas et al., [65]
2.82 t/ha tha 4.97 t/ha (Crete)
180 t/km? 200 tkm? 200 t/km? Beccali etal, [7]
(Italy)
1.61 tha 3.91 tha 3.65 tha Gomez et al., [19]
(Spain)

1Depending on the fruit trees type (e.g. apricot, orange tree)

Haase et al. [23] used both digital map and statistical data (e.g. arable
areas, crop yields etc.), in order to assess the amount and spatial distribution
of cereal straw, root crop and oil plant residues for five European regions,
considering the residues to product ratios (RPRs) and environmental

sustainability issues, such as soil erodibility, protected areas and organic
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carbon content in topsoil. Hohn et al. [27] studied the spatial distribution of the
biomass feedstock for biomethane production, as well as the optimal
locations, sizes and number of biogas plants in southern Finland. In addition,
the authors employed a GIS based methodology for the biomass transport
optimization, using the Network Analyst tool in ArcGIS and considering the
existing road network and the spatial distribution of the biomass feedstock.
Brahma et al. [9] investigated the electricity power generation potential of a
biomethanation plant in Assam, India and also used the Network Analyst tool
for the optimal biomass collection and transportation network design.

2.5 Siting of biomass plants

In this study, apart from estimating the biomass potential in the
Regional Unit of Rethymno, the suitable sites for biomass/biogas plants are
also investigated, according to the methodology presenting in detail in Section
3. In the literature, the problem of finding the suitable locations for siting
biomass plants is usually approached with a GIS-based methodology, similar

to the siting problem of solar and wind installations.

Perpina et al. [41] applied a GIS-based methodology for the
assessment of suitable sites for biomass plants in Valencia, Spain. The
relative importance of the selected criteria was defined after conducting pair-
wise comparisons in two levels: in the first level weights were assigned to
three groups of factors (environmental, economic and social) and in the
second levels weights were assigned to subcategories of the aforementioned
factors (e.g. visual impact, accessibility by road etc.). Finally, the best
alternatives were obtained after applying WLC and IPM (ldeal Point Method)
approaches and conducting a sensitivity analysis of the set of factors and their
associated weights. Perpina et al. [40] also developed and applied a GIS-
based methodology focused on logistics and transport strategies of the
available biomass potential to the potential bioenergy plants, considering
technical, economic, environmental and social constraints. The proposed
methodology was applied to the Valencian Community and consists of two

stages: identification and quantification of the spatial distribution of the

31



Section 2: State of the art on the Renewable Energy Systems siting problem

biomass potential in the study area and evaluation of the times, routes and
transport costs of the biomass for its transport from the original location to the

biomass plant, performing a network analysis.

Franco et al. [17] used a fuzzy approach for the identification of the
most suitable sites for biogas plants in a Danish municipality, using GIS and
an AHP approach for the weights assignment. Rodriguez et al. [44] also
employed a GIS-based fuzzy AHP approach for defining the suitable sites for
bioenergy plants, using cocoa residues in a region of Columbia. Silva et al.
[51] applied the ELECTRE-TRI method for the determination of suitable sites
for biogas plants using dairy manure as feedstock in a region of Portugal by
setting a set of constraints and factors and exploiting the capabilities of GIS.
Sliz-Szkliniarz and Vogt [54] developed a GIS model to determine the optimal
sites for installing anaerobic digesters in a region of Poland, exploiting animal
manure and crop silage as feedstock and performed a cost-benefit analysis
for the assessment of the investments’ viability. Finally, GIS-based AHP
approaches were employed by Wu et al. [67] and Herrera-Seara et al. [25] for
the criteria weights assignment, after defining the hierarchical structure of the
problem and conducting pair-wise comparisons of the associated criteria, for
biomass-based biofuel plants and biomass plants site selection, in Virginia,

USA and Grenada, Spain respectively.
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3 Methodology

This study aims to develop a useful methodology for clarifying and
prioritizing at a regional level, the most suitable locations for siting solar and
wind farms, as well as biomass and biogas plants. By employing
geographical information systems and multicriteria analysis process, all the
required information for siting renewable energy systems can be
incorporated, for the minimization of the impacts on the natural and human

environment and the maximization of the economic and technical potential.

The adopted methodology incorporates the same steps for the
prioritization of the available locations, for each renewable energy technology
studied. The first step constitutes of analyzing the current situation of the area
investigated, locating all the required data that can affect the siting of
renewable energy installations, such as: settlements, areas of environmental
interest, areas and elements of cultural heritage, the main road network, the

electricity transmission networks, the hydrographic network, land cover etc.

The next step constitutes of identifying the exclusion zones, where the
siting of each of the renewable energy technologies studied is not permitted,
based on the Specific Framework for the Spatial Planning and Sustainable
Development for the Renewable Energy Sources [85] and related legislation.
After the identification of the exclusion zones and minimum allowable
distances from neighboring uses or activities (settlements, archaeological
sites, monuments, areas of environmental interest etc.) according to the
national legislation plan, the legally available areas for siting renewable
energy installations are derived. Moreover, a stricter socio-environmental
scenario is also evaluated, taking into account the specific environmental

characteristics of Crete.

Furthermore, the legally available areas and the available areas of the
socio-environmental scenario for each renewable energy technology are
evaluated through a multicriteria analysis process, based on criteria derived
from the national legislation or the literature, such as wind, solar, biomass

potential, slope, elevation, distances from main roads, the electricity
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transmission and hydrographic network, the areas of environmental interest
and the visibility from most visited areas etc. Especially for minimum
distances not specifically determined in the national legislation, a
comprehensive literature review is performed, for the construction of the

criteria scale, as it is shown in Table 3.1.

Table 3.1 Criteria Suitability Scale

Priority scale Score
Not Suitable
Less Suitable
Moderately Suitable
Suitable
Particularly Suitable

OFrRrNWAA

The final step consists of presenting the sustainable locations,
accruing from the multicriteria analysis process, concerning the available
siting areas of the socio-environmental scenario, with a high percentage of
priority (greater than 60%), for each renewable energy technology studied. In
addition, the maximum capacity and power of each technology, in each
municipality is calculated, in order to guarantee the sustainable development
of the region. The relative importance of the criteria considered, for each of
the renewable technologies studied, is evaluated through pair-wise
comparison performed by involved groups (e.g. environmental groups, policy
makers, academic community etc.) and the implementation of an Analytical
Hierarchy Process (AHP). Finally, a sensitivity analysis is performed,
considering alternative scenarios for the criteria weights, for checking the

sensitivity of the methodology’s results.

The steps described above are presented in Figure 3.1 and were
applied for the identification of the sustainable RES siting areas in the
Regional Unit of Rethymno, as presented in Figure 3.2. The analysis is
performed by the employment of a Geographic Information System (GIS), as
it is the most suitable tool for solving spatial problems. GIS has the ability to
combine the advantages of data bases and a realistic visualization of the
registered spatial information can be performed. In this study, ESRI's ArcGIS
10.3 was used, which offers multiple geoprocessing tools and is enriched with
the extensions of the Spatial, 3D, Geostatistical and Network analyst for data

34



Section 3: Methodology

management, conversion and spatial modeling [76]. In addition, ArcGIS is
compatible with vector and raster data and offers the ability to geocode data
in terms of images and access databases. Finally, it uses the Python
programming language and the users can create their own scripts for
additional capabilities and functions.

« Current Situation Analysis

« Identification of the Legally Available Siting Areas
« Construction of Alternative Scenarios

« Evaluation of the Available Siting Areas

« |dentification of the Sustainable Siting Areas

« Calculation of the Carrying Capacity

» Sensitivity Analysis

€€C€E€EC K

Figure 3.1 Steps of the adopted methodology

In the following Sections, the detailed methodology for each RES
technology studied is presented, describing the exclusion and evaluation
criteria, the alternative scenarios employed, as well as the sustainable siting

areas accruing.
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SUSTAINABLE SITING AREAS IDENTIFICATION METHODOLOGY FOR:
WIND AND SOLAR ENERGY INSTALLATIONS, AS WELL AS FOR BIOMASS AND
BIOGAS PLANTS

CURRENT SITUATION ANALYSIS OF THE REGIONAL UNIT OF RETHYMNO:
Collection of all the required spatial data that can affect the siting of RES

EXCLUSION CRITERIA DETERMINATION BASED ON THE LEGISLATION:
Exclusion areas and minimum allowable distances from neighboring uses based on:

The Specific Framework for the Spatial Planning and the Sustainable Development for the
Renewable Energy Sources (Official Government Gazette 2464/2008)
Law 3851/2010

IDENTIFICATION OF THE LEGALLY AVAILABLE SITING AREAS

ADDITIONAL EXCLUSION FOR LARGE-
ADDITIONAL EXCLUSION FOR

ADDITIONAL EXCLUSION . The SC1a ofthe NATURA 2000 netwerk. BIOMASS AND BIOGAS PLANTS OF:
FOR WIND ENERGY INSTALLATIONS OF: » Jhesciso . The SCIs of the NATURA 2000 network
e The Sites of Community Importance : : : ; e The rocky islets surrounding the Regional
The rocky islets surrounding the Regional Unit y g g
(SCls) of the NATURA 2000 network " of Rethymno J J Unit of Rethymno
 The rocky islets surrounding the Regional o The aesthetically and scientifically highly * The aesthetically and scientifically highly
Unit of Rethymno valued geotopes (500m buffer distance) valued geotopes (500m buffer distance)

e Settlements and traditional settlements * The coastline (50m buffer distance)

IDENTIFICATION OF THE AVAILABLE AREAS OF THE SOCIO-ENVIRONMENTAL
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EVALUATION CRITERIA DETERMINATION
FOR WIND ENERGY INSTALLATIONS
SITING:

Distance from the NATURA 2000 sites
Distance from water bodies

Distance from archaeological sites and monuments
Distance from antennas
Distance from national defense installations
Distance from the high voltage lines
Distance from the road network
Slope
Altitude

Visibility from most visited sites
Wind potential

EVALUATION CRITERIA DETERMINATION
FOR SOLAR ENERGY INSTALLATIONS
SITING:

Distance from water bodies
Distance from the coastline
Land cover
Aspects
Distance from the electricity transmission lines
Distance from the road network
Slope
Elevation
Visibility from most-visited sites
Solar potential:

Annual GHI for PVs
Annual DNI for CSPs

EVALUATION CRITERIA DETERMINATION
FOR BIOMASS OF BIOGAS PLANTS SITING:

Distance from water bodies
Distance from SCls of the NATURA 2000
network
Distance from archaeological sites,
monuments and monasteries
Distance from the electricity transmission lines
Distance from the road network
Slope
Visibility from most visited areas
Biomass/Biogas potential:

Annual pruning wood biomass potential
OR
Distance from large biogas sources

CLASSIFICATION OF EACH CRITERION TO A FIVE CLASS PRIORITY SCALE BASED

ON A RIGOROUS LITERATURE REVIEW:

Each cell of the study area has a score between 0 (particularly suitable) and 4 (unsuitable),

for each criterion

CRITERIA WEIGHTS ASSIGNMENT BASED ON AN ANALYTICAL HIERARCHY

PROCESS (AHP):

Criteria pair-wise comparisons by involved groups, for each RES:

A member from the policy makers, the power supplier, the academia and of an

environmental group, as well as two engineers

Aggregation of the individual priorities based on the geometric mean method
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PRIORITY MAPS PRODUCTION FOR EACH RES:
Weighted Sum Aggregation of the criteria for each RES
Each cell of the study area, for each RES, has a score between 0 and 4, where O
corresponds to 100% priority and 4 corresponds to 0% priority

SUSTAINABLE SITING AREAS IDENTIFICATION:
The available areas of the socio-environmental scenarios with a priority percentage greater
than 60%
Additional area constraints for the solar energy installations
Calculation of the municipalities’ potential RES coverage

CARRYING CAPACITY PER MUNICIPALITY CALCULATION:
Calculation of the potential maximum power (wind and solar energy installations) or energy
potential (biomass and biogas plants) per municipality, taking into account legislation
constraints or the highest priority areas

SENSITIVITY ANALYSIS IMPLEMENTATION:
Implementation of alternative scenarios for the criteria weights
Scenarios: Equal-weighted, Techno-economic, Socio-environmental, Safety

Figure 3.2 Description of the methodology implementation for the case study of the Regional Unit of Rethymno
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3.1 The case study of the Regional Unit of Rethymno

The Regional Unit of Rethymno is one of the four Regional Units of
Crete, including five municipalities. As part of the 2011 Kallikratis government
reform, the Rethymno Regional Unit was created out of the former prefecture,
with the same territory and reorganization of the older municipalities to the
five municipalities [110] presenting in Table 3.2 and Map 3.1. Rethymno
Regional Unit has a mountainous terrain, especially in its eastern part, where
the Psyloritis Mountain is located and flat lands can be found to the northern
and southern coastal areas. Maps R.2 to R.4 (Map Annex) present the terrain
of the Regional Unit of Rethymno and specifically the elevations, slopes and
aspects of the study area. In addition, the climate is mild Mediterranean, with
mild winters and hot summers, while in the mountainous areas, it can be
slightly continental. Finally, in Maps R.5 to R.9 (Map Annex), the wind, solar,
biomass and biogas potential of the study area can be found.
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Map 3.1 Municipalities administrative boundaries of the Regional Unit of
Rethymno, according to Kapodistrias and Kallikratis government reform

39



Section 3: Methodology

As it was mentioned before, the adopted methodology, for each of the
RES technologies investigated, starts with the analysis of the Regional Unit's
current situation. Map R.1 presents all the data that can affect the siting of
RES installations, while the data sources are presented in Table 3.3. In
addition, the locations of national parks, radars, airports and aesthetic forests
can also affect the siting of RES installations, but there are no such areas in

the Regional Unit of Rethymno.

Table 3.2 Information about the Regional Unit of Rethymno

3 .
Electric power
Area P

"Municipality (km?) *Population consumption
(GWhly)
Agios Vasilios 359.435 7,427 37.6
Amari 277.421 5,915 29.9
Anogeia 112.61 2,379 12
Mylopotamos 352.823 14,363 72.7
Rethymno 393.835 55,525 281.1

" According to Kallikratis government reform [110]

> Population census of 2011 [98]

% Annual Electric power consumption per capita for 2014 in Greece, 5063 kWh/capita
[97]

Table 3.3 Data and sources

Data Details Source
Bathing Beaches, included in the monitoring
Coasts program of water quality, coordinated by the [99]

Decentralized Administration of Crete
Lake and transitional water bodies,
Lakes according to the River Basin Management
Plan of the Water Department of Crete
Sites of community importance (SCI) and
Special Protection Areas (SPA) from the
SCls and SPAs NATURA 2000 network, according to the [100]
Ministry of Environment, Energy and
Climate change
CORINE 2012 land cover maps, according

[99]
[69]

CORINE 2012 to the National Cadastre and Mapping [102]
Agency
Geocoding of 5,4 and 3 stars tourist
Tourist accommodations sites from the Hellenic [104]
Accommodations Chamber of Hotels and the Hotel Owners [103]

Club of the Regional Unit of Rethymno

40



Section 3: Methodology

Table 3.3 Data and sources

Data Details Source
Urban Control Zone  Geocoding of area 3, where it is forbidden
Georgioupolis- any construction, according to Law [80]
Episkopi 211A/1990
Geotopes Point locations of geotopes sites in Crete [75]
Municipalities’ Formation of the Boundaries from the former
Boundaries of the communities’ boundaries, following the [105]
Rethymno Regional changes occurred from the Kapodistrias and  [110]
Unit Kallikratis government reform
Ports-Marinas Ports and Marinas position
Traditional Declared Traditional Settlements
settlements
Settlements Approved settlements’ boundaries
Monasteries Declared Monasteries
Camps Organized Camp Sites
Antennas Antennas with installation permit
Declared cultural monuments and historical
Monuments :
sites
Archaeological Absolute protection zone (Zone A) of
sites archaeological sites
National D_efense Sites of military facilities
Installations
Quarries Operating mining zones
Road Network National, provincial and community roads
Electricity High voltage lines [74]

Distribution Lines

Important places
for bird’s priority
species

Breeding areas, colonies and feeding areas
of priority species

Specific
Management Plans
and Specific
Environmental
Studies

Areas of special environmental studies

Rivers

Streaming rivers

Wind potential

Average annual wind speed

Triangular irregular network (TIN) of the
surface of Crete

Elevation (Production of the Digital Elevation Map (DEM)
of the Regional Unit of Rethymno, with 50x50m

cell size)
Slopes Produced in ArcGIS 10.3 from the DEM of
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Table 3.3 Data and sources

Data Details Source

the Regional Unit of Rethymno, by
employing the associated tools of Spatial

Aspects Analyst’s extension.
(cell size 50x50m)
Produced in ArcGIS 10.3 from the DEM of
the Regional Unit of Rethymno and several
Visibility observer points, by employing the

VIEWSHED tool of the Spatial Analyst’'s
extension
(cell size 50x50m)
Produced in ArcGIS 10.3 from the AREA

SOLAR RADIATION tool of Spatial Analyst’'s
extension with a 50x50m cell size
(Section 3.3.2)

Biomass and Produced in ArcGIS 10.3
Biogas Potential (Section 3.4.2)

Solar Potential

3.2 Wind energy installations site selection evaluation and exclusion
criteria

In this Section, the detailed methodology for defining the exclusion and
evaluation criteria for wind energy installations is presented. Following Figure
3.2, the exclusion and evaluation criteria are described, as well as the
alternative scenarios employed. The selected evaluation criteria are derived
from a rigorous literature review (Annex A) and are converted to the priority
scale presented in Table 3.1. Finally, the priority scales adopted by studies
found in the literature, concerning the wind farms siting problem, are

presented in Annex C.

3.2.1 Exclusion criteria for wind energy installations site selection

As Figure 3.1 presents, the next step after analyzing the current
situation of the study area is to determine exclusion areas, where the siting of
wind installations is not permitted, according to the legislation. SFSPSD-RES
[85] was coordinated by the Hellenic Ministry of the Environment, Physical
Planning and Public Works and identifies criteria and guidelines for the siting
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of RES projects. According to SFSPSD-RES [85], the siting of wind

installations is not permitted inside:

1) World heritage areas, archaeological monuments and historical places of
high importance, as well as in archaeological sites of zone A

2) Areas of absolute protection of nature, according to Specific Management
Plans and Specific Environmental Studies

3) Wetlands RAMSAR

4) Centre of national forests, nature monuments, aesthetic forests

5) Sites of Community Importance (SCIs) of NATURA 2000 network

6) Inside urban plans and settlement boundaries

7) Areas of integrated touristic development and organized productive
activities of the tertiary sector, thematic parks and touristic ports

8) Bathing Beaches, included in the monitoring program of water quality

9) Mining zones and activities

10)Other areas or zones currently falling under a special land-use regime,
according to which the siting of wind installations is not permitted as long
as they are in force

However, points 5 and 10 are modified by the subsequent Law 3851/2010
[86], which states in Article 8, that the siting of RES installations is permitted
inside SCls, as a means for the climate change mitigation. In addition, this
law states in Article 9 that for siting RES installations, only spatial, urban and
regulatory land-use plans, that are in agreement with the SFSPSD-RES [85]
are taken into consideration. In the Regional Unit of Rethymno, such plans

are approved for:

e the former Lampis Municipality [81]

e the former Lappaion Municipality [82], [83]
e the Rethymno Municipality [84]

e the area of Georgioupolis-Episkopi [80]

From the aforementioned plans, only the area 3 of the Urban Control Zone
of Georgioupolis-Episkopi is taken into consideration, which contains the

biotope’s centre, where any construction is forbidden. As for the rest of the
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plans, they do not mention RES technologies, so they are not taken into
consideration. With the identification of the aforementioned exclusion zones,
Map W.1 (Map Annex) is constructed, where rivers and lakes are also
excluded due to physical constraints. In addition, military facilities are also
excluded for the same reason that aviation facilities and activities must be

protected from electromagnetic interferences.

In addition, to the aforementioned exclusion zones, SFSPSD-RES [85]
sets minimum distances from neighboring uses, for siting wind installations.
These safety distances are presented in Table 3.4, concerning the minimum
allowable distances from areas of environmental interest (Map W.2), cultural
interest (Map W.3), urban activities (Map W.4), technical infrastructure (Map

W.5) and productive activities (Map W.6).

Table 3.4 Minimum allowable distances from wind energy installations,
according to SFSPSD-RES [85]

Area Minimum distances

Areas of environmental interest

According to the approved specific
Areas of absolute protection of nature  environmental study or the relevant
Presidential Decree

Centers of national forests, nature

monuments, aesthetic forests, Within the frame of the environmental
wetlands RAMSAR and SCils of the terms and conditions approval
NATURA 2000 network
Beaches 1,500m

Within the frame of the environmental
terms and conditions approval, after
SPAs of bird habitat conducting a special bird study
23,000m from important places of
priority bird species

Areas of cultural heritage

World heritage monuments,
archaeological sites and historical 3,000m
places of high importance

Zone A of the rest of the

archaeological sites
9 At least 500m

Cultural monuments and historical
sites
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Table 3.4 Minimum allowable distances from wind energy installations,
according to SFSPSD-RES [85]

Area Minimum distances

Urban activities

Towns and settlements with
population >2,000 inhabitants,
characterized as dynamic, touristic or
remarkable

1,000m from the element’s boundary

i 1,500m from the element’s
Traditional settlements

boundaries
The rest of the settlements 500m from the element’s boundaries
. 500m from the monastery’s
Monasteries :
boundaries
Technical infrastructure and special uses
Main roads, road network Safety distance 1.5d=127.5m, where
. . d is the rotor’s diameter of a typical
High voltage lines . : yP
wind turbine
Antennas, radars Per case after the approval of the
Aviation facilities and activities relevant public body

Zones or facilities of production activities

'Rural land of high productivity, land

consolidation areas, irrigated Safety distance 1.5d=127.5m, where
agricultural areas d is the rotor’s diameter of a typical
Aquaculture wind turbine
Livestock plants
Mining zones and activities 500m

Areas of integrated touristic
development and organized
productive activities of the
tertiary sector, thematic parks,
touristic ports and institutionalized
tourist areas, tourist accommodation
and special tourist infrastructures

1,000m from the boundaries of the
zone/area

' According to Law 3851/2010 (Article 9), in parcels that the competent authority has
identified as rural land of high productivity, it is forbidden to exercise any other activity except
the agricultural exploitation and the electricity generation from RES. Provided that Law
3851/2010 is subsequent to the official government gazette 2464/2008 (SFSPSD-RES), this
minimum allowable distance is not taken into consideration.

2 According to a specialized bird study, presented from Tsoutsos et al., [74], from the
important places of bird priority species, it is recommended a minimum distance of 3,000m to
be kept, as birds are recorded to taking avoiding actions between 100-3,000m from turbines
in daylight, whereas at night the distances are likely to be closer [14]
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With the identification of the aforementioned exclusion zones and buffer
distances, the legally available areas for siting wind energy installations are
emerging (Map W.7). In addition, a second environmental scenario is also

examined, where to the exclusion zones are added:

e The Sites of Community Importance (SCIs) of the NATURA 2000 network,
which according to Law 3851/2010 [86] are available for siting RES
installations. However, due to the environmental interest and sensitive
ecosystems of these sites, they are excluded in this scenario

e The rocky islets surrounding Crete, which administratively belong to the
Regional Unit of Rethymno, as these islets are usually habitats of

sensitive flora and fauna species

Finally, with the identification of the additional exclusion zones, the
available areas, emerging by the application of the environmental scenario
are presented in Map W.8.

3.2.2 Evaluation criteria for wind energy installations site selection

The legally available siting areas and the available siting areas of the
environmental scenario are evaluated based on selected criteria presenting in
Table 3.5. In addition, the available sites are ranked based on the five-class
priority scale, presented in Table 3.1. The distance criteria are produced by
the EUCLIDEAN DISTANCE tool and the score assignment is performed by
employing the RECLASSIFY tool, in ArcGIS 10.3. An example of a map,
accruing from this procedure is presented in the Map Annex, concerning the
distance from the NATURA 2000 sites (Map W.9). Finally, the classification of

each criterion is based on the literature review presenting in Annex C.

Table 3.5 Evaluation criteria of the available areas for wind energy
installations siting

Criterion Criterion type Goal
Distance from the Environmental Maximization
NATURA 2000 sites
Distance from water ) L
. Environmental Maximization
bodies
Distance from Aesthetic Maximization
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Table 3.5 Evaluation criteria of the available areas for wind energy
installations siting

Criterion

Criterion type

Goal

archaeological sites and
monuments

Distance from antennas

Technical/Safety

Maximization

Distance from national
defense installations

Technical/Safety

Maximization

Distance from the high

) Techno-economic Minimization
voltage lines

Distance from the road ) .

Techno-economic Minimization
network

Slope Techno-economic Minimization

) Techno-economic L
Elevation . Minimization

/Environmental

Visibility from most . o

y Aesthetic Minimization

visited sites

Wind potential

Techno-economic

Maximization

1) Criterion: Distance from NATURA 2000 sites

This criterion is purely environmental and includes the distance from Sites

of Community Importance (SCI) and Special Protection Areas (SPA) of the
NATURA 2000 network. SFSPSD-RES [85] states that wind energy
installations are permitted to be sited in SPAs, after conducting a specialized

bird study. In this study, a buffer distance of 3,000m was applied from

important areas of bird priority species, following a specialized bird study,

presented by Tsoutsos et al., [74]. However, the total area of NATURA'’s 2000

SPAs of bird species cannot be excluded and therefore they are included

along with the SCls in this environmental criterion.

Table 3.6 Distance from the NATURA 2000 sites criterion classification
for wind energy installations siting

Priority Scale Score Distance (m)
Unsuitable 4 0-200
Less Suitable 3 200-400
Moderately Suitable 2 400-600

Suitable 1 600-800
Particularly Suitable 0 >800
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Table 3.1 presents the priority scale of this criterion, consulting the relative
scales and buffer distances presented in Annex C, concerning the distances
from areas of environmental interest. The prevailing distance in the literature
is 1,000m from areas of environmental interest. However, Hofer et al., [26], as
well as Sliz-Szkliniarz and Vogt, [53] consider a distance of 500m from areas
without sensitive bird species and NATURA sites respectively. Considering
an average value of 800m as a threshold for the particularly suitable zone,
the criterion classification presented in Table 3.6 is constructed, similar to the
relative scale presented by Tsoutsos et al, [74] for wind energy installations
site selection in Crete. Finally, it is noted that the aesthetic forest of Vai and
the national forest of Samaria are located in a distance a lot longer than 800m
from the boundaries of the Regional Unit of Rethymno, so they are not
influencing the analysis. Map W.9 presents an evaluation of the available
siting areas of the environmental scenario employed, based on this criterion’s

priority scale.
2) Criterion: Distance from water bodies

This criterion is also environmental, as the natural characteristics of the
small rivers and lakes encountered in the study area have to be preserved.
Bennui et al., [8], Tsoutsos et al., [74] and Sliz-Szkliniarz and Vogt, [53]
consider a distance of 200m as the upper boundary of the unsuitable zone.
Table 3.7 present the criterion classification for this study, similar to the
classification of the criterion of the distance from areas of environmental

interest.

Table 3.7 Distance from water bodies criterion classification for wind
energy installations siting

Priority Scale Score Distance (m)
Unsuitable 4 0-200
Less Suitable 3 200-400
Moderately Suitable 2 400-600

Suitable 1 600-800
Particularly Suitable 0 >800

3) Criterion: Distance from areas of cultural interest
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SFSPSD-RES [85] sets a distance of 500m from archaeological sites and
monuments, but it does not define an optimum distance from these sites. In
this study, a 500m range on every priority class was defined, producing the
criterion classification, presenting in Table 3.8. In Annex C, the scales and
buffer distances from areas of cultural interest from the literature can be
found. The suitable class of this criterion begins from 2,000m, similar to the

buffer distance applied by Voivontas et al., [64].

Table 3.8 Distance from areas of cultural interest criterion classification
for wind energy installations siting

Priority Scale Score Distance (m)
Unsuitable 4 500-1,000
Less Suitable 3 1,000-1,500
Moderately Suitable 2 1,500-2,000
Suitable 1 2,000-2,500
Particularly Suitable 0 >2,500

4) Criterion: Distance from antennas

Wind turbines may cause interferences to a wide spectrum of
electromagnetic signals of the contemporary electromagnetic systems.
SFSPSD-RES [85] states that the minimum distance from antennas is
defined per case by the competent authority. In this study, the criterion
classification presenting in Table 3.9 was based on the literature review
conducted. Szurek et al.,, [57], and Tsoutsos et al., [74] set the upper
boundary of the unsuitable zone to 200m, while Hansen, [24] defines a
distance longer than 1,500m for an area to be highly suitable for wind
turbines installation. Finally, it is noted that in the Regional Unit of Rethymno,
radars have not been installed and the radars installed in the other Regional
Units are in a distance longer than 1,800m.

Table 3.9 Distance from antennas criterion classification for wind
energy installations siting

Priority scale Score Distance (m)
Unsuitable 4 0-200
Less Suitable 3 200-600
Moderately Suitable 2 600-1,200

Suitable 1 1,200-1,800
Particularly Suitable 0 >1,800
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5) Criterion: Distance from national defense installations

This criterion is also associated with the electromagnetic interferences,
which may cause problems to signal transmission and communications in
airports and national defense installations. In the Regional Unit of Rethymno,
an airport has not been established, but there are national defense
installations, which have to be protected. In the literature, a distance shorter
than 3,000m from airports is considered unsuitable for wind turbines siting [8],
[31], [53], [74]. The criterion classification in this study is presented in Table
3.10, taking into account the scale of Bennui et al., [8] and Tsoutsos et al.,
[74].

Table 3.10 Distance from national defense installations criterion
classification for wind energy installations siting

Priority Scale Score Distance (m)
Unsuitable 4 0-3,000
Less Suitable 3 3,000-6,000
Moderately Suitable 2 6,000-9,000
Suitable 1 9,000-12,000
Particularly Suitable 0 >12,000

6) Criterion: Distance from the high voltage lines

SFSPSD-RES [85] defines a minimum distance of 127.5m from high
voltage lines and states that the maximum distances from the electricity
transmission lines are defined by the competent authority. This criterion is an
important techno-economic criterion, as the shorter the distance from the
transmission lines, the less interference to the physical environment will be

needed to connect the wind energy installations to the electricity network.

Baban and Parry, [6] set a maximum distance of 10,000m, Hofer et al.,
[26] consider less suitable the areas in a distance of 9,000m, Noorollahi et al.,
[39] in a distance of 10,000m and Sanchez-Lozano et al., [47] in a distance of
5,000m from the wind turbines. In this study, the areas that are further than
8,000m from the wind energy installations are considered unsuitable and the
criterion classification is presented in Table 3.11.
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Table 3.11 Distance from high voltage lines criterion classification for
wind energy installations siting

Priority scale Score Distance (m)
Unsuitable 4 >8,000
Less Suitable 3 6,000-8,000
Moderately Suitable 2 4,000-6,000
Suitable 1 2,000-4,000
Particularly Suitable 0 127.5-2,000

7) Criterion: Distance from the road network

This criterion is similar to the distance from the electricity transmission
lines, as the closer, the wind turbines are sited to the road network, the less
the interference for road construction. SFSPSD-RES [85] defines a minimum
distance of 127.5m for safety reasons and a maximum of 10,000m from the
road network for wind turbines siting in islands. Based on these minimum and
maximum distances, the priority scale presenting in Table 3.12 is produced.
In Annex C, the relative minimum and maximum distances from the literature

review can be found.

Table 3.12 Distance from the road network criterion classification for
wind energy installations siting

Priority Scale Score Distance (m)
Forbidden <127.5 ka1 >10,000
Unsuitable 4 8,000-10,000

Less Suitable 3 6,000-8,000

Moderately Suitable 2 4,000-6,000
Suitable 1 2,000-4,000
Particularly Suitable 0 127.5-2,000

8) Criterion: Slope

SFSPSD-RES [85] does not define a maximum slope for siting wind
energy installations. However, in the literature, this criterion is quite common,
as it can be seen from Table A.2. Steep slopes require extensive earthworks
for slope smoothing, which can be an additional burden to the natural
environment. In this study, a value of 30% was defined as the lower limit of
the unsuitable class, as Hofer et al. [26] defined in their study. In addition, the

upper limit of the particularly suitable class was set to 15%, which is one of
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the prevailing values in the literature (Annex C). The detailed criterion

classification is presented in Table 3.13.

Table 3.13 Slope criterion classification for wind energy installations

siting
Priority Scale Score Slope (%)
Unsuitable 4 >30
Less Suitable 3 30-25
Moderately Suitable 2 25-20
Suitable 1 20-15
Particularly Suitable 0 0-15

9) Criterion: Elevation

This criterion is of both environmental and techno-economic significance,
as in high altitude, rare flora and fauna species are encountered and the road
and electricity transmission network is sparse. In addition, as the altitude is
increasing, the air density is decreasing, which can, in turn, abate the energy
efficiency of the wind turbines. However, wind speed is known to increase
with altitude, which can offset the decreased air density problem [50]. In this
study, the criterion classification was based on the literature review and is
presented in Table 3.14.

Table 3.14 Elevation criterion classification for wind energy installations

siting
Priority Scale Score Elevation (m)
Unsuitable 4 >1,500
Less Suitable 3 1,100-1,500
Moderately Suitable 2 700-1,100
Suitable 1 300-700
Particularly Suitable 0 0-300

10)Criterion: Visibility from most-visited sites

The siting of wind turbines sometimes causes social reactions, due to
visual impacts, they may cause to settlements, archaeological sites and areas
of tourist activities. Therefore, the visibility criterion was defined, which takes
into account the visibility from: settlements, traditional settlements,

archaeological sites, monuments, beaches, ports, marinas, camps and tourist
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accommodations. The visibility analysis was conducted in ArcGIS 10.3, by
employing the VIEWSHED analysis tool of the Spatial Analyst toolbox. After,
defining the visible and invisible areas for each of the aforementioned sites,
the criterion classification was produced, as described in Table 3.15, taking
into account the classification produced by Tsoutsos et al., [75]. Finally, a
visual representation of this criterion classification can be found in Map W.10

(Map Annex).

Table 3.15 Visibility criterion classification for wind energy installations

siting
Priority Scale Score Visibility
Unsuitable 4 Areas visible from most-visited sites
Less Suitable 3 Invisible areas from archeological
sites
Moderately Suitable 2 Invisible areas from archeological
sites and traditional settlements

Suitable 1 Invisible areas from archeological

sites, traditional settlements,
monuments, beaches, ports-marinas,
camps and tourist accommodations
Particularly Suitable 0 Invisible areas

11)Criterion: Wind potential

Wind speed is an important factor for wind energy installations siting, as it
defines the efficiency and the selection of the appropriate nominal power of
wind turbines. In this study, the upper limit of the unsuitable zone was set to
4m/s, as the constraint applied by Tegou et al.,[59] and the upper limit of the
suitable zone was defined as 8m/s, which according to Tsoutsos et al.,[74] is
the threshold for an area to be characterized as having a good wind potential.
The classes of the wind potential criterion expressed as wind speed are
presented in Table 3.16.
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Table 3.16 Wind potential criterion classification for wind energy
installations siting

Priority Scale Score wind speed (m/s)
Unsuitable 4 0-4
Less Suitable 3 4-6
Moderately Suitable 2 6-8
Suitable 1 8-10
Particularly Suitable 0 >10

3.3 Solar energy installations site selection evaluation and exclusion
criteria

In the previous Section, the exclusion and evaluation criteria for wind
farms siting were presented. Similarly, in this Section, the exclusion zones
and evaluation criteria of the available siting areas for PV and CSP
installations are presented. The adopted methodology is the same one
presented in Figure 3.2 and the evaluation areas are derived from applying
the exclusion zones from the legislation and the exclusion zones of a stricter
environmental scenario. Finally, the weights assigned from the AHP, as well

as the sustainable siting areas accruing are presented in detail in Section 4.

3.3.1 Exclusion criteria for solar energy installations site selection

After analyzing the current situation of the Regional Unit of Rethymno, the
exclusion criteria are presented in this Section, following the relative
legislation. SFSPSD-RES [85] states that solar energy installations are not

permitted to be installed in:

1) World heritage areas, archaeological monuments and historical places of
high importance, as well as in archaeological sites of zone A

2) Areas of absolute protection of nature, according to Specific Management
Plans and Specific Environmental Studies

3) Centre of national forests, nature monuments, aesthetic forests

4) Sites of Community Importance (SCIs) of NATURA 2000 network

5) Forests and high productivity agricultural areas
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6) Other areas or zones currently falling under a special land-use regime,
according to which siting of wind installations is not permitted as long as

they are in force

As it was mentioned in Section 3.2.1, RES installations siting is permitted
inside SCIs, as a means for the climate change mitigation, according to the
subsequent Law 3851/2010 [86] and therefore point 4 is annulled. In addition,
only the area 3 of the Urban Control Zone of Georgioupolis-Episkopi is taken
into consideration concerning point 6, as the other spatial, urban and
regulatory land-use plans, presented in Section 3.2.1 do not mention RES
technologies, and therefore they are not in agreement with the SFSPSD-RES
[85]. Moreover, Law 3851/2010 [86] states in Article 9, paragraph 6 that, in
parcels that the competent authority has identified as rural land of high
productivity, it is forbidden to exercise any other activity except the
agricultural exploitation and the electricity generation from RES. Specifically
for PV installations, this article states that it is permitted to be installed in
parcels characterized as high productivity agricultural land. Finally, based on
Law 3851/2010 [86] point 5, from the aforementioned exclusion zones is

annulled.

After the clarification of the aforementioned points (Map S.1), considering
which of them are still in force, Map S.2 (Map Annex) is constructed from the
legally exclusion zones, where rivers, lakes and the road network are also
excluded due to the physical constraints they evoke. However, a second
socio-environmental scenario is also considered where to the exclusion areas
are added (Map S.3):

e The Sites of Community Importance of the NATURA 2000 network

e The forests (the corresponding CORINE 2012 codes were considered, as
the forest authority has not yet issued the forest maps of the Regional Unit
of Rethymno)

e The aesthetically and scientifically highly valued geotopes (the
corresponding data are point features and therefore an additional 500m
distance was considered for their exclusion)
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e The rocky islets surrounding Crete, which administratively belong to the
Regional Unit of Rethymno, as these islets are usually habitats of
sensitive flora and fauna species

e The settlements and traditional settlements are also excluded, as the
studied large-scale installations require a large surface area to be
occupied and therefore the visual impacts can be significant, in addition to

the noise impacts they cause

With the definition of the additional exclusion zones, Map S.4 (Map
Annex) is produced, presenting the available areas for siting PV and CSP
installations in the Rethymno Regional Unit of the socio-environmental

scenario.

3.3.2 Evaluation criteria for solar energy installations site selection

The available siting areas of the two adopted scenarios are evaluated
based on the criteria presenting in Table 3.17. In this Section, a detailed
description of the selected criteria is conducted, constructing the classification
of each criterion, based on the suitability scale displayed in Table 3.1. In
addition, in Annex D, the literature review concerning the selected criteria and

the adopted suitability scale of each study can be found.

Table 3.17 Evaluation criteria of the available areas for solar energy
installations siting

Criterion Criterion type Goal
Distance from water . L
. Environmental Maximization
bodies
Distance fr_om the Aesthetic/ Technical Maximization
coastline

Barren and low
productivity

Land cover Environmental/ Aesthetic .
areas, with low
aesthetic value

Aspects Techno-economic SE-SW
Distance from the
electricity Techno-economic Minimization

transmission lines

Distance from the

Techno-economic Minimization
road network

Slope Techno-economic Minimization
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Table 3.17 Evaluation criteria of the available areas for solar energy
installations siting

Criterion Criterion type Goal
Elevation Techno-economic/Environmental Minimization
V'S'b'.“t.y ffom most- Aesthetic Minimization
visited sites
Solar potential Techno-economic Maximization

1) Criterion: Distance from the road network

This criterion can significantly influence the construction and maintenance
costs of solar energy installations. A buffer distance of 100m is frequently
found in the literature for aesthetic and safety reasons ([3], [35], [62], [46]). In
addition, for the maximum distance from the road network, Carrion et al., [11]
set a 3,000m distance, whereas Uyan, [62] and Yushchenko et al., [68] set a
distance of 5,000m. In this study, the criterion classification is presented in
Table 3.18, taking into account the related suitability scale of Tsoutsos et al.,

[75] for large-scale solar energy installations siting in Crete.

Table 3.18 Distance from the road network criterion classification for
solar energy installations siting

Priority Scale Score Distance (m)
Unsuitable 4 <100 and >4,000
Less suitable 3 3,000-4,000
Moderately suitable 2 2,000-3,000
Suitable 1 1,000-2,000
Particularly suitable 0 100-1,000

2) Criterion: Distance from the high voltage lines

For large scale solar energy installations siting, as the ones investigating
in this study, the proximity to the electricity transmission lines is an important
criterion for the installation’s connection and reduction of the associated
costs. Due to lack of spatial data for the medium voltage lines of the Regional
Unit of Rethymno, this criterion was limited to the evaluation of the distance

from the high voltage lines, whose spatial representation was available.

From the literature review presenting in Annex D, the most frequent upper
bound adopted for the highly suitable class is of 1km distance from the
electricity transmission lines ([35], [11], [68]), while for the unsuitable class is
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a 10km distance ([35], [11], [62]). Based on the literature review, the priority

scale of this criterion was constructed, as presented in Table 3.19.

Table 3.19 Distance from the high voltage lines criterion classification
for solar energy installations siting

Priority Scale Score Distance (m)
Unsuitable 4 >10,000
Less Suitable 3 7,000-10,000
Moderately Suitable 2 4,000-7,000
Suitable 1 1,000-4,000
Particularly Suitable 0 <1,000

3) Criterion: Slope

The Regional Unit of Rethymno, as it can be seen from Map R.4, presents
a rough terrain with steep slopes, which incommodes the siting of large-scale
solar energy installations. Therefore, extensive earthworks may be required
for slope smoothing, as steep slopes make more difficult the right siting (with
the optimum angle) of the PV panels. Carrion et al., [11] set the upper bound
of the unsuitable slopes to 30%, Hott et al., [28] consider a constraint of 27%,
Mondino et al., [36] of 15% and Sun et al., [56] of 7%. For this study, the
priority scale is presented in Table 3.20, where the unsuitable class begins
from 28%.

Table 3.20 Slope criterion classification for solar energy installations

siting
Priority Scale Score Slope (%)
Unsuitable 4 >28
Less Suitable 3 21-28
Moderately Suitable 2 14-21
Suitable 1 7-14
Particularly Suitable 0 0-7

4) Criterion: Elevation

This criterion, as it was mentioned in Section 3.2.2, is both environmental
and techno-economic. The reason for its selection is the same as for the
study of wind energy installations siting. In high altitudes, rare flora and fauna

species can be found and the road and electricity transmission network is
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sparse. Therefore, the criterion classification was considered the same as in

the study for wind energy installations siting, presented in Table 3.14.

5) Criterion: Aspects

As for the slope criterion, the criterion of aspects is quite important for the
efficiency of solar energy installations. Map R.5 presents the facing directions
of the slopes in the Regional Unit of Rethymno, where the intense slope
variation leads to a great fluctuation of these directions. From the literature
review accrues that the most suitable aspect is the south-facing [10], so that
the PV panels can receive the greatest amount of solar energy during the
daytime. In addition, most studies consider suitable, the aspects between
112.5° and 247.5°, namely the southeastern to southwestern aspects ([28],
[66], [21]). Based on the aforementioned points, this criterion’s priority scale
was constructed, as it is shown in Table 3.21 and Map S.5 (Map Annex).

Table 3.21 Aspects criterion classification for solar energy installations

siting
Priority Scale Score Aspects
Unsuitable 4 Northern
Less Suitable 3 Northeastern and Northwestern
Moderately Suitable 2 Eastern and Western
Suitable 1 Southeastern and Southwestern
Particularly Suitable 0 Southern

6) Criterion: Land cover

The land cover criterion is quite common in the literature because of the
large areas that solar energy installations require for their siting. Most
reviewed studies consider the agricultural areas as unsuitable for the
preservation of the agricultural production. In addition, it is usually suggested
solar energy installations to be sited in low vegetated areas, as forest areas
have to be preserved and the dense vegetation can reduce the efficiency of
the installed systems [3]. SFSPSD-RES [85] suggests as priority areas for
siting solar energy installations the barren and low productivity areas.
Moreover, Tsoutsos et al., [75] suggest as suitable siting areas some urban

land uses (inactive quarries, military areas, hospitals, industrial areas), with
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low aesthetic value and high energy needs. Based on these points, Table

3.22 is constructed, presenting the adopted criterion classification (Map S.6).

Table 3.22 Land cover criterion classification for solar energy
installations siting

Priority Scale Score Land cover
Unsuitable 4 Permanent crops and forests
Less Suitable 3 Other agricultural areas
Moderately Suitable 2 Low vegetation lands
Suitable 1 Urban areas and other land uses
Particularly Suitable 0 Barren areas with little or no

vegetation

7) Criterion: Visibility from most-visited sites

The criterion concerning the distance from residential areas is quite
common in the literature, as it can be seen from Table B.1. However, this
criterion can be ambiguous for siting PV installations, as, from a technical
point of view, siting near residential areas can reduce energy losses and
connection costs. On the other hand, SFSPSD-RES [85] states that solar
energy installations should preferably be invisible from most-visited areas.
Therefore, it is suggested to investigate the visual impacts in residential areas
and sites of cultural interest, for which buffer distances were not taken into
consideration. Instead, a viewshed analysis was conducted, as in the study
for wind energy installations siting, studying the visibility from settlements,
traditional settlements, archaeological sites, monuments, beaches, ports,
marinas, camps and tourist accommodations. The criterion classification is
the same as for the wind energy installations siting and was presented in
Table 3.15.

8) Criterion: Distance from the coastline

The reasoning behind selecting this evaluation criterion has multiple
aspects, as technical, environmental and aesthetic reasons require its
selection. According to Law 2971/2001 [87], the main purpose of the
seashore, including a 50m distance from the coast, is the free access to
them. In addition, siting solar energy installations in proximity to the shoreline

can cause visual impacts to tourist activities and saltiness can reduce the
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efficiency and life span of solar energy systems. Finally, reasons for
preservation of the marine ecosystems from pollution incidents are also taken
into account. Georgiou and Skarlatos, [21] set a buffer distance of 200m from
the coastline and Tsoutsos et al., [75] define as particularly suitable, the
areas located more than 200m far from the seashore. For this study, the

criterion classification is presented in Table 3.23.

Table 3.23 Distance from the coastline criterion classification for solar
energy installations siting

Priority Scale Score Distance (m)
Unsuitable 4 <50
Less Suitable 3 50-100
Moderately Suitable 2 100-150

Suitable 1 150-200
Particularly Suitable 0 >200

9) Criterion: Distance from water bodies

Proportionally to the previous criterion, water bodies have to be protected,
as they constitute sensitive ecosystems, where some materials of the PV
systems can contaminate the aquifer, in case of abandonment [3]. However,
Merrouni et al., [35] consider the need of proximity to water bodies, for
cleaning purposes of the PV panels, especially in barren dusty areas, such as
Saudi Arabia and cooling purposes of the CSP systems [2]. In this study, this
criterion was set to be maximized, as the thermal contamination of the water
bodies, in cases where water is used for cooling purposes of the CSP
systems is also a serious environmental impact. The priority scale of this
criterion is presented in Table 3.24 and the classification concerns both the
CSPs and PVs siting.

Table 3.24 Distance from water bodies criterion classification for solar
energy installations siting

Priority Scale Score Distance (m)
Unsuitable 4 <100
Less Suitable 3 100-200
Moderately Suitable 2 200-300

Suitable 1 300-400
Particularly Suitable 0 >400

61



Section 3: Methodology

10)Criterion: Solar potential

The solar potential criterion is a very important one, as it can individually
exclude areas, where the solar potential is not adequate for siting solar
energy installations. From the literature review, a value of 1,800 kWh/m? for
the yearly average solar irradiance at ground level is considered ideal for
solar energy installations siting [35], [2], [68]. However, as it was mentioned in
Section 2.3, PV technology works in the presence of both DNI and DHI solar
irradiation, unlike CSP technology which works only by using the DNI.
Therefore, two different maps were constructed, concerning the yearly
average Global Horizontal and Direct Normal Irradiance for the Regional Unit
of Rethymno, as it shown in Maps R.6 and R.7 (Map Annex). For the
construction of the aforementioned maps with 50x50m cell size, the AREA
SOLAR RADIATION tool of the Spatial Analyst extension in ArcGIS 10.3 was

employed

For the required parameters determination, described in Section 2.3, data
from the interactive maps of JRC’s Photovoltaic Geographical Information
System (PVGIS) utility [93] were used. By employing the PVGIS utility, it is
possible to estimate different parameters of the solar irradiance, for different
latitudes and longitudes. Therefore, the coordinates of the point features
presenting in Map 3.2 were given and the diffuse proportion of the solar
irradiance was determined. An average value of 0.30 was then introduced to
ArcGIS’s AREA SOLAR RADIATION tool for the ratio of diffuse to global
radiation parameter definition. In addition, NASA’s Surface Meteorology and
Solar Energy utility [95] was also employed, for the transmissivity parameter
determination. Therefore, the aforementioned point features coordinates were
introduced to NASA'’s utility and an average value for the Insolation Clearness
Index was determined. As this utility mentions, this index represents the
fraction of insolation at the top of the atmosphere which reaches the surface
of the earth [96].

After the construction of the solar potential maps of the Regional Unit
of Rethymno, the criterion’s priority scale was produced, as shown in Table

3.25. The suitable areas were defined as the ones with GHI and DNI greater
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than 1,400 kWh/m?, as Tsoutsos et al., [75] defined in their study for large-

scale solar energy installations siting in Crete.

Map of Solar Potential-
Global Horizontal Irradiance (GHI)
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Map 3.2 Feature points for the solar irradiance parameters
determination

Table 3.25 Solar potential criterion classification for solar energy
installations siting

Solar potential

Priority Scale Score (kWh/m2lyear)
Unsuitable 4 <1,000
Less Suitable 3 1,000-1,200
Moderately Suitable 2 1,200-1,400
Suitable 1 1,400-1,800
Particularly Suitable 0 >1,800

3.4 Biomass/ Biogas plants site selection evaluation and exclusion
criteria

Finally, in this Section, a detailed presentation of the exclusion and

evaluation criteria, for biomass and biogas plants site selection is conducted.
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The exclusion criteria are derived from the legislation, examining also a
stricter environmental scenario, while the evaluation criteria are derived from

the literature review presenting in Annex E.

3.4.1 Exclusion criteria for biomass/biogas plants site selection

As it is shown in Figure 3.1, exclusion criteria have to be adopted, in
order to exclude infeasible siting areas of biomass/biogas plants, according to
the related legislation. Therefore, according to SFSPSD-RES [85],

biomass/biogas plants are not permitted to be installed inside:

1) World heritage areas, archaeological monuments and historical places of
high importance, as well as in archaeological sites of zone A

2) Areas of absolute protection of nature, according to Specific Management
Plans and Specific Environmental Studies

3) Wetlands RAMSAR

4) Centre of national forests, nature monuments, aesthetic forests

5) Sites of Community Importance (SCIs) of NATURA 2000 network

6) Inside urban plans and settlement boundaries

7) Areas of integrated touristic development and organized productive
activities of the tertiary sector, thematic parks and touristic ports

8) Bathing Beaches, included in the monitoring program of water quality

9) Mining zones and activities

10) Other areas or zones currently falling under a special land-use regime,
according to which siting of wind installations is not permitted as long as
they are in force

However, points 5 and 10 are modified by the subsequent Law 3851/2010
[86], as described in Section 3.2.1. In addition, SFSPSD-RES [85] also
defines minimum allowable distances from neighboring land uses, for siting

biomass/biogas plants, as shown in Table 3.26.
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Table 3.26 Minimum allowable distances from biomass/biogas plants
according to SFSPSD-RES [85]

Area Minimum distances

Areas of environmental interest

According to the approved specific
Areas of absolute protection of nature  environmental study or the relevant
Presidential Decree

Centers of national forests, nature
monuments, aesthetic forests and
SCls of the NATURA 2000 network

Within the frame of the environmental
terms and conditions approval

Beaches 1,000m

SPAs of bird habitat 200m

Areas of cultural heritage

World heritage monuments,
archaeological sites and historical

places of high importance Within the frame of the environmental
Zone A of the rest of the terms and conditions approval, after
archaeological sites the Ministry’s of Culture assessment
Cultural monuments and historical
sites
'Urban activities
Towns and settlements with For biomass plants up to 500 kWe,
population >2,000 inhabitants, SFSPSD-RES [85] does not set any
characterized as dynamic, touristic or constraints

For biomass plants with average

_femarkable impacts (>5 MW), SFSPSD-RES [85]
Traditional settlements defines that the minimum allowable

The rest of the settlements distances from industrial plants have

to be taken into consideration.
Therefore, the Presidential Decree of
24-5-1985 [88] is taken into
consideration

Monasteries

“Technical infrastructure and special uses

Main roads, road network

High voltage lines Per case, within the frame of the
Antennas, radars environmental terms and conditions
Aviation facilities and activities approval

Port facilities and activities

Zones or facilities of production activities

Industrial and Business areas Siting is permitted inside these zones
Mining zones and activities 500m

Areas of integrated touristic 500m from the boundaries of the
development and organized zone/area
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Table 3.26 Minimum allowable distances from biomass/biogas plants
according to SFSPSD-RES [85]

Area Minimum distances

productive activities of the
tertiary sector, thematic parks,
touristic ports and institutionalized
tourist areas

The minimum allowable distances

3Individual tourist accommodations . .
from industrial plants

! According to the Presidential Decree of 24-5-1985 [88], a minimum distance of 500m has to
be kept from settlements with a population less than 2,000 residents, 700m from settlements
with a population between 2,000-10,000 residents and 1,000m from settlements with a
population greater than 10,000 residents. These minimum distances were taken into
consideration, while a 1,500m distance was kept from traditional settlements, in accordance
with the wind energy installations siting [77]. Finally, for the distance from monasteries, a
minimum distance has not been set, as this distance was taken into consideration in the
evaluation criteria stage.

% For the antennas, a minimum distance of 200m was set, in accordance with the study of
Silva et al., [51]. In addition, the distance from the road network and high voltage lines was
examined in the criteria evaluation stage.

® For the individual tourist accommodations, a minimum distance of 500m is taken into
consideration, proportionally with the tourist ports and camps.

After the exclusion of the aforementioned zones (Map B.1) and the
application of the minimum allowable distances (Map B.2 to B.5), described in
Table 3.26, the available areas for biomass/biogas plants are presented in
Map B.6 (Map Annex). In addition, a second environmental scenario is also
taken into consideration (Map B.7), where to the exclusion zones, are also
added:

e The Sites of Community Importance of the NATURA 2000 network

e The aesthetically and scientifically highly valued geotopes (the
corresponding data are point features and therefore an additional 500m
distance was considered for their exclusion)

e The rocky islets surrounding Crete, which administratively belong to the
Regional Unit of Rethymno

e The coastline, with an additional 50m buffer zone, to guarantee the free
access to the shores, based on the Law 2971/2001 [87]
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3.4.2 Evaluation criteria for biomass/biogas plants site selection

In accordance with the wind and solar energy installations, evaluation
criteria are selected for the assessment of the available siting areas of
biomass/biogas plants. The selected evaluation criteria are presented in
Table 3.27, where the criteria types and goals can also be found. Finally, in
this section, a detailed presentation of the selected criteria classification into

the five-class priority scale, presented in Table 3.1, is conducted.

Table 3.27 Evaluation criteria of the available siting areas of
biomass/biogas plants

Criterion Criterion Type Goal

Distance from water bodies Environmental Maximization

Distance from SCls of the

NATURA 2000 network Environmental Maximization

Distance from archaeological
sites, monuments and Aesthetic Maximization
monasteries

Distance from the electricity

. . Techno-economic Minimization
transmission lines
Distance from the road . .
Techno-economic Minimization
network
Slope Techno-economic Minimization
Visibility from most visited ) e
y Aesthetic Minimization
areas
Biomass/Biogas potential Techno-economic Maximization

1) Criterion: Distance from SClIs of the NATURA 2000 network

As it was mentioned before, according to Law 3851/2010 [86], it is
permitted to site renewable energy installations inside NATURA 2000 sites,
as a means for the climate change mitigation. However, the siting inside
these sites is not always considered acceptable, due to conservation reasons
of these sensitive ecosystems. Perpina et al., [40], [41] set a buffer distance
of 500m from environmentally protected areas for siting biomass plants, while
Wu et al., [67] Herrera-Seara et al., [25] and Sliz-Szkliniarz and Vogt, [54]
exclude these sites from the available siting areas. In this study, the criterion
classification was chosen to be the same as for the wind energy installations
siting, presented in Table 3.6.
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2) Criterion: Distance from water bodies

Table E.2 (Annex E) presents the literature review on the criterion of the
distance from water bodies, concerning the adopted buffer distances
employed in the literature from them. In this study, the criterion’s classes are
the same as for the wind energy installations siting, presented in Section
3.2.2 (Table 3.7).

3) Criterion: Distance from archaeological sites, monuments and

monasteries

SFSPSD-RES [85] does not set the minimum allowable distances from
archaeological sites and monuments, which are defined within the frame of
the environmental terms and conditions approval, after the Ministry’s of
Culture assessment. Therefore, this criterion is adopted, considering, in
addition, the distance from monasteries, which is also not exactly defined by
SFSPSD-RES [85]. Table 3.28 and Map B.8 (Map Annex) present the
classification of this criterion, concerning the distances from these sites of

cultural interest.

Table 3.28 Distance from archaeological sites, monuments and
monasteries criterion classification for biomass/biogas plants siting

Priority Scale Score Distance (m)
Unsuitable 4 0-500
Less Suitable 3 500-1,000
Moderately Suitable 2 1,000-1,500
Suitable 1 1,500-2,000
Particularly Suitable 0 >2,000

4) Criterion: Distance from the road network

The distance from the road network is a critical factor for biomass plants
siting, as these plants have to be easily accessible by road for their supply of
the biomass feedstock. As it was mentioned in Section 2.4, biomass logistics
and transport optimization are a common study area in the literature. In this
study, the threshold for the unsuitable area was set to 3,200m, in accordance
with the upper bound of the acceptable range adopted from Wu et al., [67]. In

addition, a safety distance of 70m was adopted, as the buffer distance set by
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Silva et al., [51] and the criterion classes were constructed, as presented in
Table 3.29.

Table 3.29 Distance from the road network criterion classification for
biomass/biogas plants siting

Priority Scale Score Distance (m)
Unsuitable 4 <70, >3,200
Less Suitable 3 2,400-3,200
Moderately Suitable 2 1,600-2,400
Suitable 1 800-1,600
Particularly Suitable 0 70-800

5) Criterion: Slope

Table E.5 (Annex E) presents the constraints and criteria classes adopted
in the literature, concerning the slope criterion. Perpina et al., [40] and Silva et
al., [51] set a constraint of a 15% for acceptable slopes for siting biomass
plants. For this study, the criterion classes are presented in Table 3.13 and
Map B.9 (Map Annex), taking into account the aforementioned constraint and
the criterion classes for wind energy installations siting.

6) Criterion: Distance from the high voltage lines

As it was mentioned in Section 3.3.2, due to lack of spatial representation
of the medium voltage lines in the Regional Unit of Rethymno, this criterion
was limited to evaluating the distance only from the high voltage lines.
Perpina et al., [40], [41] and Silva et al., [51] set a safety distance of 100m
from the electricity transmission lines, while Sliz-Szkliniarz and Vogt, [54]
consider distances less than 2,000m as suitable. Taking into account these
constrains, Table 3.30 was formed, presenting the priority scale of this
criterion for biomass/biogas plants siting.

Table 3.30 Distance from the high voltage lines criterion classification
for biomass/biogas plants siting

Priority Scale Score Distance (m)
Unsuitable 4 <100, >8,000
Less Suitable 3 6,000-8,000
Moderately Suitable 2 4,000-6,000
Suitable 1 2,000-4,000
Particularly Suitable 0 100-2,000

69



Section 3: Methodology

7) Criterion: Visibility from most-visited sites

Proportionally to the solar and wind energy installations, the criterion of
the visibility from most-visited areas has been set. As most-visited areas, the
archaeological sites, monuments, settlements, traditional settlements,
beaches, marinas, camps and hotels were defined and this criterion’s priority

scale is presented in Table 3.15.
8) Criterion: Biomass and Biogas potential

For the estimation of the biomass potential of the Regional unit of
Rethymno, the theoretical biomass potential of pruning wood from olive trees,
vineyards, fruit trees, coniferous and broadleaved forests was estimated. The
adopted methodology is based on the CORINE 2012 database and the
pruning wood productivity coefficients n° presenting in Table 3.31.

Table 3.31 Pruning wood productivity coefficients of different forest and
agricultural biomass sources

Biomass family Residue productivity n°
'Olive trees 280.5 dry pruning wood t/km?
Vineyards 100 dry pruning wood t/km?
'Fruit trees 375 dry pruning wood t/km?

Coniferous trees 85 dry pruning wood t/km?

Broadleaved trees 48 dry pruning wood t/km?

! These residue productivity coefficients are derived from data of the Renewable and
Sustainable Energy Systems Laboratory (RESEL) of the University of Crete, accruing from
the consultation of local producers.

% Residue productivity coefficients presented by Lourinho and Brito, [33] for pine and holm
oak respectively

However, land cover maps do not always allow for a direct
guantification of the theoretical biomass potential, as the total area of a
polygon does not necessarily equal to the vegetation covered area.
Therefore, the tree cover density was introduced, for the effective vegetated
area quantification, as presented in Table 3.32. In addition, it must be noted
that for the estimation of the theoretical biomass potential from vineyards
pruning wood, the total area of the CORINE 2012 polygons was taken into
consideration, due to the spatial uniformity of this cultivation type.
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Table 3.32 Sources and methodology for the theoretical biomass potential

Biomass
family

estimation

Sources

Effective
vegetated area
A (M)

Theoretical
biomass
potential

Boi (1)

Olive trees

Fruit trees

Polygons from CORINE
2012 database with codes
223 and 222 for olive trees
and fruit trees respectively
[102]

Tree cover density maps
(20m resolution) of the
Copernicus, Land Cover
Service [106]

Coniferous
trees

Pixels corresponding to
coniferous forests from the
Forest Type maps (20m
resolution) of the
Copernicus, Land Cover
Service [107]

Tree cover density maps
[106]

Broadleave
d trees

Pixels corresponding to
broadleaved forests from
the Forest Type maps [107]

Pixels not belonging to
broadleaved forest used for
agricultural practices from
the Forest Type maps of the
Copernicus, Land Cover
Service [107]

Tree cover density maps
[106]

Actt =Apixel X TCD,

Apier:20x20:4OO
m2

TCD: tree cover

density (0-100%)

Boi=Aett X 1°,

n°: residue

productivity

coefficient
(t/km?)

Vineyards

Polygons from CORINE
2012 database with code
221, corresponding  to
vineyards

Boi=A x nc,

A:: CORINE’s
polygon area
(m?)
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Following Figure 3.3, the estimation methodology for olive trees
theoretical biomass potential can be seen. From the intersection of the olive
trees CORINE polygons with the tree cover density maps; the theoretical
biomass potential of olive trees’ pruning wood in the Regional Unit of
Rethymno is derived, based on the equations presented in Table 3.32. In
addition, a similar estimation methodology was also applied for the other

cultivation types, investigated in this study.
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Figure 3.3 Olive trees theoretical biomass potential estimation
methodology

Finally, after the calculation of the theoretical biomass potential for every
cultivation type, some restrictions have been set, in order to derive the
exploitable biomass potential in the Regional Unit of Rethymno. Specifically,

only the biomass potential of areas with:

e A slope less than 20% was taken into consideration, as greater slopes

may indicate difficult access, erosion and soil loss problems [33]
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e A distance less than 3km from the road network, in order to ensure that

these areas are easily accessible [33]

By establishing the aforementioned constraints, the exploitable biomass
potential for every cultivation type is produced. Map 3.3 presents the sites
occurring after the introduction of the constraints, for the olive trees biomass
potential exploitation. Finally, Map R.8 (Map Annex) presents the total
exploitable biomass potential of the Regional Unit of Rethymno, for all

cultivation types considered.

Theoretical Biomass Potential Exploitable Biomass Potential

. jﬂ\'Gallnl
0 32565 13 18,5 26 0 32565 13 195 25,(-.
I 00—

- i

s 3
LEGEND
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________ 2 SCHOOL OF ENVIRONMENTAL ENGINEERING
i Municipalities Boundaries of the Regional Unit of Rethymno : il ._.‘ : g ; ;

(-

Olive trees biomass potential sites

A GIS-based Analytical Hierarchy Process Aproach
for the Sustainable Siting of Renewable Energy Installations:

C—-\_W The Case Study of the Regional Unit of Rethymno

T—
Marina Giamalaki, Chania, 2018

Map 3.3 Olive trees theoretical and exploitable biomass sites

For the biogas potential estimation of the Regional Unit of Rethymno,
the potential production from waste water treatment plants (WWTP), landfills
and large livestock farms were taken into consideration. In the study area, the
WWTP [108] presenting in Table 3.33 are found. Based on the permanent
and peak population of the areas served by these plants and the assumption
that every 1,000 residents produce 28m°/d biogas [78], the maximum and

minimum biogas quantities are derived, as presented in Table 3.33.
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Table 3.33 Biogas quantities from sewage treatment plants in the
Regional Unit of Rethymno

Minimum Maximum Average
Permanent Peak 9

. Serving . : biogas biogas biogas
Location population population . . .
areas (98] 108] quantity quantity  quantity
(m3/d) (m3/d) (m3ly)
Anogia Anogia 2,319 2,322 64.93 65.02 23,715.51
Bali .Ba“’ 565 6,500 15.82 182 36,102.15
Vlichada
Panormos,
panormos  RoUMell ) 596 7,700 36288 2156  45969.56
Achlades,
Siripidiana
Rethymno Rethymno 32,468 58,000 909.1 1,624  462,291.48

In addition to the waste water treatment plants, the biogas potential
from a landfill located in the Regional Unit of Rethymno was estimated.
Based on the annual solid wastes quantity and the assumption that the
biogas quantity produced from solid wastes is between 120-400m3t [72],
Table 3.34 was produced.

Table 3.34 Biogas quantities from a landfill in the Regional Unit of

Rethymno
Urban  Maximum Minimum Average
Location Serving solid bloggs bloge_ls bloggs
areas wastes quantity quantity quantity
(tly) (m°ly) (m°ly) (m°ly)

Rethymno Rethymno 42,000 16,800,000 5,040,000 10,920,000

Finally, the biogas potential from a pig farm located in the Regional
Unit of Rethymno, with a capacity of 1,800 sows was estimated. Based on the
issued environmental terms approval, the waste quantities produced by the
plant were determined [79]. In addition to these quantities, an average value
between 30 and 65 m*/t biogas [109] from pig farm wastes was used. Finally,
an average value of 0.35 m*kg COD [42] was employed for sizing the biogas
potential from the slaughterhouse wastes. Based on the aforementioned
points, Table 3.35 is produced, presenting the annual potential biogas yield of

the pig farm.

74



Section 3: Methodology

Table 3.35 Biogas quantities from a livestock farm in the Regional Unit
of Rethymno

Slaughterhouse Biogas Pig farm  Biogas
waste guantity from waste guantity
. . Total
Brand production the production from the (m3y)
(kg COD/d) slaughterhouse  (t/d) pig farm y
(m3/d) (m3/d)
Creta 1,395 488.25 24 1,140 594,311.3
Farms

After the estimation of the biomass and biogas potential of the
Regional Unit of Rethymno, the criterion classification was constructed. For
the criterion of the biomass potential, the produced classification is presented
in Table 3.36. In addition, due to the fact that the biogas potential consists of
point features, the criterion classification was constructed in terms of a
distance from the biogas sources, described in the following Tables.
Moreover, SFSPSD-RES [85] states that, the preferred locations for biogas
plants siting are the ones, in close proximity to waste water treatment plants,
landfills and large livestock farms, but it does not define a minimum distance.

Therefore, the criterion classification presented in Table 3.37 was adopted.

Table 3.36 Biomass potential criterion classification for biomass plants

siting
Priority Scale Score Biomass Potential (t/ha)
Unsuitable 4 0
Less Suitable 3 0-0.5
Moderately Suitable 2 05-1
Suitable 1 1-2
Particularly Suitable 0 2-35

Table 3.37 Biogas potential criterion classification for biogas plants

siting
Priority Scale Score Distance (m)
Unsuitable 4 0-500
Less Suitable 3 500-1,000
Moderately Suitable 2 1,000-1,500
Suitable 1 1,500-2,000
Particularly Suitable 0 >2,000
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4 Analytical Hierarchy Process (AHP) implementation and

sustainable siting areas

In the previous Section, the exclusion and evaluation criteria for each
renewable energy technology studied were presented. In addition, the
evaluation criteria were classified to the priority scale presented in Table 3.1,
so for each criterion, each cell of the study area has a score between 0 and 4.
According to Figure 3.2, the next step constitutes of assigning weights to the
selected criteria, applying an Analytical Hierarchy Process. In the next
Sections, a detailed description of the Analytical Hierarchy Process and its
application in this study, as well as the sustainable siting areas of each

renewable energy technology studied are presented.

4.1 Multi-criteria decision making: the Analytical Hierarchy Process

Before proceeding to the individual steps of the adopted methodology, a
brief representation of the Analytical Hierarchy Process (AHP) is conducted.
AHP was developed by Saaty (1980) and is a structured technique for
organizing and analyzing complex decision problems. In order to apply the
AHP, the steps below must be followed [37]:

1) Definition of the problem and its goals

2) Structure of the problem’s hierarchy, which constitutes the top level
criteria, intermediate level subcriteria and lower level, which usually
contains the list of alternatives (Figure 4.1)

3) Pair-wise comparisons of all criteria influencing the decision have to be
conducted, based on Saaty’s fundamental scale (Table 4.1)

4) The priority vector indicating the relative importance of different criteria is
calculated and the consistency of the judgments have to be checked

5) Priorities of the alternatives with respect to each criterion separately are
derived (pair-wise comparison of the alternatives with respect to each
criterion) and the consistency is also checked and adjusted

6) All alternative priorities are combined as a weighted sum, to take into

account the weight of each criterion
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Alternative 1

Alternative 2 Alternative 2

Figure 4.1 Hierarchical structure of the problem

The matrix of pair-wise comparisons A= [c;] represents the intensity of
the expert’s preference between individual criteria, that affect the selection of
one of the available alternatives. The judgment matrix is given below (4.1), for

n criteria, where c; is the relative importance of the criterion C; over the

criterion C;.
€11 €12 Cm-1) Cin
€21 €2 - Cm-1) Con

A= . . . . . (4.1)
Ch1 Cn2 " Cun-1) Cnn

According to the reciprocal judgment, if the importance of the criterion
Ci over the criterion C;j is k, then the relative importance of the criterion C; over
the criterion C; is 1/k, so in matrix A, c;=1/c; V i# and c;=1 for i,j=1,2,3...n. In
addition, the number of judgments needed for such matrix is n(n-1)/2. The
relative weights of criteria C;, C,...C,, can be determined from matrix A, by
normalizing it into a new matrix through dividing the elements of each column
by the sum of the elements of the same column. The relative weights of the

criteria are then computed by the row average of the new normalized matrix.
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Table 4.1 The fundamental scale according to Saaty (1980) [45]

_IntenS|ty of Definition Explanation
importance
. Two activities contribute equally to the
1 Equal importance S
objective
3 Moderate importance of Experience and judgment slightly favor
one over another one activity over another
5 Essential or strong Experience and judgment strongly
importance favor one activity over another
An activity is favored very strongly and
7 Very strong importance its dominance is demonstrated in
practice
The evidence favoring one activity
9 Extreme importance over another is of the highest possible
order of affirmation
2,4,6,8 Intermediate values When compromise is needed

The advantage of this process is that it allows checking the
consistency of the judgments made by the pair-wise comparisons. For a

judgment to be consistent the following equation must be followed [18]:
Cij = Cik X ij \v i,j,k (42)

However, Assumption (4.2) is often violated in empirical decision
situations, but Saaty argues that a reasonable level of inconsistency is
expected and tolerated. To measure the degree of inconsistency of

comparison matrices, Saaty introduced the Consistency Index (Cl), measured

as follows:
Amax —
Cl = - (4.3)

In Equation (4.3), n is the size of the matrix (n x n) and Anax IS the
maximum eigenvalue of the comparison matrix. By solving the eigenvalue
problem and determining the principal eigenvalue Anax, the Consistency Ratio
(CR) can be defined by the Equation:

_a

CR =
RI

(4.4)

In Equation (4.4), CI corresponds to the Consistency Index calculated
based on the Equation (4.3) and RI corresponds to Random Index values,

which vary with the matrix size. A random matrix is one where the judgments
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have been entered randomly based on the Saaty’s scale and therefore it is
highly inconsistent. More specifically, RI is the average CI of 500 randomly
filled matrices provided by Saaty (1980), for different matrix sizes, as shown
in Table 4.2.

Table 4.2 Saaty’s Random Index Values (RI) [1]

Order
of 2 3 4 5 6 7 8 9 10 11
matrix

RI 0O 058 09 112 124 132 141 145 149 151

Finally, as it was mentioned previously, a reasonable level of
inconsistency is acceptable, therefore if CR<0.10, the degree of consistency
is considered satisfactory. Otherwise, consistency adjustment procedures
proposed by Saaty can be performed, based on a maximum deviation

approach [18].

4.2 Analytical Hierarchy Process implementation

For the AHP implementation, a survey was conducted, where local
experts from different involved renewable energy-related groups were asked
to perform the necessary pair-wise comparisons of the selected criteria.
These experts were selected in such a way, in order to evaluate the different
preferences of the RES siting stakeholders, so that their distinct opinions
reflect the complexity of the RES siting problem. For example, an
environmental-focused expert may favor a site, which is far away from areas
of environmental interest, while an expert focused in the techno-economic
aspect of the problem, may favor a site close to the road network and the

electricity transmission lines.

In this study, the selected participants represent different stakeholders,
such as the policy makers, the power supplier, the academia, the
environmental groups and the engineers. A special advisor for energy of the
Region of Crete represents the policy makers group, the head of Crete’s
Dispatching Centre represents the power supplier group and a member of the
Hellenic Ornithological Society represents the environmental group. In
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addition, two environmental engineers and a member of the educational
personnel of the School of Environmental Engineering, of the Technical

University of Crete complete the selected group of experts.

The participants were asked to perform the pair-wise comparisons of the
selected criteria, by filling out the tables presenting in Annex F, defining the
relative importance between the compared criteria, based on the scale
presenting in Table 4.3.

Table 4.3 Scale for the Analytical Hierarchy Process implementation

Intensity of

. Definition Explanation
importance
. Two activities contribute equally to the
1 Equal importance S
objective
5 Moderate importance of Experience and judgment slightly favor
one over another one activity over another
3 Essential or strong Experience and judgment strongly
importance favor one activity over another
An activity is favored very strongly and
4 Very strong importance its dominance is demonstrated in
practice
The evidence favoring one activity
5 Extreme importance over another is of the highest possible

order of affirmation

Therefore, for each of the renewable energy systems studied, there are
six completed judgment matrices. Subsequently, the participants’ priority
vectors for each RES were estimated, by applying the procedure described in
Section 4.1. In addition, as for the engineers group, there are two
participants, an average of the engineers’ priority vectors was computed and
then, an aggregation of the individual priorities (AlIP) was applied. AIP of the
five priority vectors of the different stakeholders is implemented by a

geometric mean method, based on the Equation:

P,(Cy) = (]—[ Pi(cl)) (4.5)

In Equation (4.5), Pg¢(C;) is the priority of the group of experts for the
criterion j, Pi(Cj) is the priority vector of an individual expert i, for the criterion |

and n is the number of experts questioned. AIP is used in cases, where each
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individual of a group acts on his/her own interest, with different value systems
[26], as it is considered in this study. Finally, the priority vectors accruing from

the geometric mean method are normalized in order to ensure that:

z Py(C) =1 (4.6)
j=1

After the estimation of the aggregated priority vectors for each criterion
j of each RES, the weighted sum aggregation is employed, in order to
determine the Overall Priority Index (OPI) for each cell of the study area,

based on the Equation:
n
j=1

In Equation (4.7), OPI; corresponds to the Overall Priority Index of the
cell i, w; is the relative importance of the criterion j, sj is the score of the cell i
over the criterion j and n is the total number of criteria. With the employment
of the weighted sum aggregation, the priority maps of each renewable energy
technology are produced, based on the fact that after the aggregation, each
cell of the study area has a score between 0 and 4, where 0 corresponds to
100% priority and 4 corresponds to 0% priority. Finally, the priority maps are
produced with the assistance of the RASTER CALCULATOR tool in ArcGIS
10.3.

The production of the priority maps facilitates in identifying the
sustainable siting location, which are considered to be the available areas of
the stricter socio-environmental scenarios, which have a priority percentage
greater than 60%. In the next Sections, the sustainable siting locations for
each renewable energy system studied are presented, estimating the
coverage of each municipality of the Regional Unit of Rethymno.

4.3 Sustainable siting areas for wind energy installations siting

As it was mentioned before, for the sustainable siting locations

identification, the priority of the available areas of the environmental scenario

81



Section 4: Analytical Hierarchy Process (AHP) implementation and sustainable siting
areas

for wind energy installations siting, have to be estimated. For this purpose,
pair-wise comparisons of the selected criteria were conducted by experts
from different renewable energy-related fields. Table 4.4 presents the

judgment matrix from the expert of the policy makers group.

Table 4.4 Judgment matrix of the expert from the policy makers group

(11)

Criterion W@ || @ |G 6 @G |©O @009
D‘S‘a”"ze"°m.‘heNATURA 1.00 | 1.00 | 1.00 | 0.25 | 0.25 | 1.00 | 1.00 | 1.00 | 1.00 | 3.00 | 1.00
000 sites (1)
Distance from water bodies (2) | 1.00 |{ 1.00 | 1.00 | 0.25 | 0.25 | 1.00 | 1.00 | 1.00 | 1.00 | 2.00 | 1.00
Distance from archaeological | 4 o4 | 1 0q | 1,00 | 0.25 | 0.25 | 1.00 | 2.00 | 2.00 | 2.00 | 0.50 | 1.00
sites and monuments (3)
Distance from antennas (4) | 4.00 | 4.00 | 4.00 | 1.00 | 1.00 | 4.00 | 4.00 | 4.00 | 4.00 | 3.00 | 4.00
Distance from national defense | 4 5 | 4 00 | 4.00 | 1.00 | 1.00 | 4.00 | 4.00 | 4.00 | 4.00 | 3.00 | 4.00
installations (5)
D'St""”ce”?ir:et:fﬁ')“ghV"“""ge 1.00 | 1.00 | 1.00 | 0.25 | 0.25 | 1.00 | 1.00 | 1.00 | 0.50 | 0.25 | 2.00
Dis“"‘”ce”"mz;‘)‘”"a"”etwo”‘ 1.00 | 1.00 | 0.50 | 0.25 | 0.25 | 1.00 | 1.00 | 1.00 | 0.50 | 0.25 | 2.00
Slope (8) 1.00 | 1.00 | 050 | 0.25 | 0.25 | 1.00 | 1.00 | 1.00 | 1.00 | 0.33 | 2.00
Elevation (9) 1.00 | 1.00 | 050 | 0.25 | 0.25 | 2.00 | 2.00 | 1.00 | 1.00 | 0.33 | 2.00
Vis‘b”“ysfi’t"e"s“(“l“gftV‘S“ed 0.33 | 050 | 2.00 | 0.33 | 0.33 | 4.00 | 4.00 | 3.00 | 3.00 | 1.00 | 3.00
Wind potential (11) 1.00 | 1.00 | 1.00 | 0.25 | 0.25 | 0.50 | 0.50 | 0.50 | 0.50 | 0.33 | 1.00

The relative weights of the above criteria can be determined from
Table 4.4, by normalizing it into a new matrix through dividing the elements of
each column by the sum of the elements of the same column. The relative
weights of the criteria are then computed by the row average of the new
normalized matrix. From the judgment matrix of the policy maker
representative, presented in Table 4.4, the normalized new matrix is

presented in Table 4.5.

Based on the aforementioned procedure, the relative importance of the
selected criteria from the different stakeholders, for wind energy installations
siting is derived, as presented in Table 4.6. Finally, with an AIP of the five
priority vectors of the different stakeholders, by a geometric mean method
(Section 4.2), the criteria weights are derived. In addition, with the
employment of the weighted sum aggregation, described in Section 4.2, the
priority map for wind energy installations siting is produced, as presented in
Map 4.1.
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Table 4.5 Normalized matrix of the expert from the policy makers group

Criterion QLA @ |6 6 O6 |9 101y
Distance from the NATURA
7000 sites (1 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.05 | 0.05 | 0.05 | 0.05 [ 0.21 | 0.04
Distance from water bodies (2) | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.05 | 0.05 | 0.05 | 0.05 | 0.14 | 0.04
Distance from archaeological
o and monumane @y | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.05 | 0.09 | 0.10 | 0.11 | 0.04 | 0.04
Distance from antennas (4) | 0.24 | 0.24 | 0.24 [ 0.23 | 0.23 | 0.20 [ 019 | 0.21 | 0.22 [ 0.21 | 0.17
Distance from national defense
etallaton ) 0.24 | 0.24 [ 024 | 0.23 | 0.23 [ 020 | 0.19 | 0.21 [ 022 | 0.21 | 0.17
e e %% | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.05 | 0.05 | 0.05 | 0.03 | 0.02 | 0.09
plstance from T road WO | 0,06 | 0.06 | 0.03 | 0.06 | 0.06 | 0.05 | 0.05 | 0.05 | 0.03 | 0.02 | 0.09
Siope (&) 0.06 | 0.06 | 0.03 | 0.06 | 0.06 | 0.05 | 0.05 | 0.05 | 0.05 | 0.02 | 0.09
Elevation (9) 0.06 | 0.06 | 0.03 | 0.06 | 0.06 | 0.10 | 0.09 | 0.05 | 0.05 | 0.02 | 0.09
e oy %" ] 0.02 | 003 | 0.12 | 0.08 | 0.08 | 0.20 [ 0.19 | 0.15 | 0.16 | 0.07 | 0.13
Wind potential (11) 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.02 | 0.02 | 0.03 | 0.03 | 0.02 | 0.04

Table 4.6 The relative importance of the selected criteria, for wind
energy installations siting, from the different stakeholders

o Policy Electricity . Environmental . Aggregation
Criterion power Academia Engineers | of individual
Maker . group L
supplier priorities
Distance from the 0.07 0.22 0.16 0.19 0.17 0.17
NATURA 2000 sites ' ' ' ' ' '
Distance from water
. 0.06 0.16 0.04 0.13 0.10 0.10
bodies
Distance from
archaeological sites and | 0.07 0.14 0.05 0.17 0.13 0.11
monuments
Distance from antennas 0.22 0.06 0.14 0.05 0.08 0.11
Distance from national
. . 0.22 0.11 0.11 0.10 0.11 0.13
defense installations
Distance from the high
. 0.05 0.04 0.08 0.03 0.10 0.06
voltage lines
Distance from the road
0.05 0.04 0.04 0.03 0.09 0.05
network
Slope 0.05 0.04 0.04 0.11 0.04 0.06
Elevation 0.06 0.04 0.04 0.08 0.04 0.06
Visibility from most
. . 0.11 0.09 0.10 0.06 0.02 0.08
visited sites
Wind potential 0.04 0.05 0.21 0.03 0.11 0.08
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Map 4.1 Priority map for wind energy installations siting based on the
criteria weights derived from the AHP

With the production of the priority map for wind energy installations

siting, the sustainable siting locations are identified, which are considered to

be the available areas of the environmental scenario, where the SCIs of the

NATURA 2000 network are also excluded, which also have a priority

percentage greater than 60%. The municipalities’ coverage by the different

priority classes of the sustainable siting areas is presented in Table 4.7.

Table 4.7 Municipality coverage by the sustainable siting areas for wind
energy installations siting

Areas with priority Areas with priority
80-100% 60-80%
S Area Municipalit Area Municipalit
Municipality (km?) Coverage ((%) (km?) Coverage ((%)

Agios Vasilios 2.94 0.82 50.01 13.91
Amari 0.01 0.002 16.83 6.06
Anogia - - 2.78 2.71
Mylopotamos 0.50 0.14 59.30 16.33
Rethymno 2.35 0.60 32.79 8.33
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Finally, by taking into account the constraint introduced by SFSPSD-
RES [85], concerning the maximum land coverage from wind farms in the
inhibited islands of the Aegean, the lonian Sea and Crete, which cannot
exceed 4% of the municipality area, Table 4.8 is produced. In Table 4.8, if
municipality coverage by the sustainable siting areas exceeds the maximum
coverage of 4%, then the 4% coverage is taken into account as the final
municipality coverage from wind turbines. In addition, considering the
standard wind turbine, with a rotor’s diameter of 85m and an average power
of 2MW [85], as well as a technical factor of 75.86 acres/MW [60], the

maximum wind power from standard wind turbines is determined in Table 4.8.

Table 4.8 Calculation of carrying capacity per municipality for wind
energy installations siting

Maximum Sustainable Final Maximum Wind
T . Power from
Municipality | Coverage of Siting Areas Coverage .
4% (km?) (km?) (km?) Standard Wind
Turbines (MW)
Agios
o 14.38 52.95 14.38 190
Vasilios
Amari 11.10 16.83 11.10 146
Anogia 4.09 2.78 2.78 37
Mylopotamos 14.52 59.80 14.52 191
Rethymno 15.75 35.14 15.75 208

4.4 Sustainable siting areas for solar energy installations siting

The same procedure, as for wind energy installations priority map
production, was also applied for the estimation of the relative importance of
the selected evaluation criteria for solar energy installations siting. Table 4.9
presents the judgment matrix, produced by the criteria pair-wise comparisons
performed by the participant from the academia group. By the normalization
of the judgment matrixes of every participant, following the procedure
presented in Section 4.2, the relative importance of the evaluation criteria for
solar energy installations siting, for every participant, were estimated, as
presented in Table 4.10.

85




Section 4: Analytical Hierarchy Process (AHP) implementation and sustainable siting

areas

Table 4.9 Judgment matrix of the expert from the academia group

Criterion D0l | el@w|o6 |6 | o 6| © |«
Distance from the 1.00 | 3.00 | 3.00 | 3.00 | 2.00 | 0.33 | 2.00 | 2.00 | 2.00 | 0.50
coastline (1)
Distance from water 0.33 | 1.00 | 1.00 | 1.00 | 2.00 | 0.25 | 2.00 | 2.00 | 1.00 | 0.33
bodies (2)
Distance from the
electricity transmission | 0.33 | 1.00 | 1.00 | 1.00 | 1.00 | 0.25 | 1.00 | 1.00 | 1.00 | 0.20
lines (3)
Distance from theroad | 5 35| 1 09 | 1.00 | 1.00 | 2.00 | 0.25 | 2.00 | 1.00 | 0.50 | 0.25
network (4)
Aspects (5) 0.50 | 0.50 | 1.00 | 0.50 | 1.00 | 0.50 | 3.00 | 4.00 | 3.00 | 1.00
Land cover (6) 3.00 | 4.00 | 4.00 | 4.00 | 2.00 | 1.00 | 4.00 | 4.00 | 4.00 | 1.00
Slope (7) 0.50 | 0.50 | 1.00 | 0.50 | 0.33 | 0.25 | 1.00 | 1.00 | 0.50 | 0.33
Elevation (8) 0.50 | 0.50 | 1.00 | 1.00 | 0.25 | 0.25 | 1.00 | 1.00 | 0.50 | 0.25
Visibility from most- |, 55 | 1 59 | 1,00 | 2.00 | 0.33 | 0.25 | 2.00 | 2.00 | 1.00 | 0.50
visited sites (9)
Solar potential (10) 2.00 | 3.00 | 5.00 | 4.00 | 1.00 | 1.00 | 3.00 | 4.00 | 2.00 | 1.00

Table 4.10 The relative importance of the selected criteria, for wind
energy installations siting, from the different stakeholders

o Policy Electricity . Environmental . Aggregation
Criterion power Academia Engineers | of individual
Maker ; group L
supplier priorities
Distance from the 0.15 0.25 0.13 0.12 0.10 0.16
coastline
Distance from water | ¢ 0.12 0.07 0.09 0.13 0.12
bodies
Distance from the
electricity 0.07 0.06 0.05 0.04 0.13 0.07
transmission lines
Distance from the 0.07 0.12 0.07 0.05 0.07 0.08
road network
Aspects 0.06 0.07 0.11 0.10 0.15 0.10
Land cover 0.03 0.10 0.22 0.13 0.16 0.12
Slope 0.06 0.06 0.04 0.22 0.06 0.08
Elevation 0.15 0.06 0.04 0.17 0.04 0.09
Visibility from most- | 59 0.11 0.07 0.05 0.03 0.09
visited sites
Solar potential 0.03 0.05 0.19 0.04 0.12 0.07

By taking into account the available siting areas of the socio-

environmental scenario, for solar energy installations siting, as described in

Section 3.3.1 and the relative importance of the selected criteria from the AIP

of the selected participants (Table 4.10), two different priorities maps are
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produced, for large-scale PV and CSP farms respectively. After the
construction of the priority maps, the sustainable siting areas for each solar
energy installations are emerging, corresponding to a priority percentage
greater than 60%. An additional area constraint was also introduced for the
sustainable siting areas identification, corresponding to an area greater than
1,200m? for the PVs (power of 60kW) and 400,000m? for CSPs (power of
20MW) [75]. Map 4.2 presents the sustainable siting areas for PV and CSP
farms, based on the criteria relative importance derived from the AHP and
Table 4.11 presents the municipality coverage by the sustainable siting areas

for each solar energy technology.

Sustainable Siting Areas for Large-Scale PV Farms Siting Based on the
Criteria Weights Derived from the AHP
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Sustainable Siting Areas for CSP Farms Siting Based on the
Criteria Weights Derived from the AHP
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Map 4.2 Sustainable siting areas for a) PV and b) CSP farms
respectively, based on the criteria weights derived from the AHP

Table 4.11 Municipality coverage by the sustainable siting areas for
solar energy installations siting

Municipality Coverage (%)
Areas with priority | Areas with priority
80-100% 60-80%
Municipality PV CSP PV CSP
Agios Vasilios 0.49 - 42.31 31.59
Amari 0.06 - 22.82 13.84
Anogia 0.05 - 7.88 4.92
Mylopotamos 1.08 0.17 41.16 32.49
Rethymno 1.19 - 48.86 38.42

SFSPSD-RES [85] does not state any constraint concerning the
maximum coverage per municipality by solar energy installations. Therefore,

taking into account only the highest priority siting areas, corresponding to 80-
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100% priority, the potential maximum power, if the total of these areas is
covered by solar energy installations, is estimated, as presented in Table
4.12. For the estimation of the potential maximum power, the technical factors
taken into consideration are: 60kwW/1,200m? for PVs and 20MW/400,000m?
for CSPs [75].

Table 4.12 Calculation of the carrying capacity per municipality for solar
energy installations siting, taking into account the highest priority areas

Potential Potential
Sustainable Sustainable maximum maximum
siting areas for | siting areas for power from power from
PVs with CSPs with the
Municipality priority priority BO-TOEO(V 80-100%
percentage percentage Sy CSPs
80-100% 80-100% | " USPMIOMY | priority
2 2 areas
(km®) (km®) (MW) areas
(MW)
Agios 1.76 0 88 0
Vasilios
Amari 0.18 0 9 0
Anogia 0.05 0 3 0
Mylopotamos 3.93 0.6 197 30
Rethymno 4.68 0 234 0

4.5 Sustainable siting areas for biomass/biogas plants siting

Following the same procedure, as for the wind and solar energy
installations siting, the relative importance of the selected evaluation criteria,
for biomass or biogas plants siting is derived. Table 4.13 presents an
example of a judgment matrix, completed by the expert from the power
supplier group. In addition, Table 4.14 presents the criteria weights accrued
from the judgment matrixes of the different stakeholder, as well as the

aggregated weights, derived from a geometric mean method.
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Table 4.13 Judgment matrix of the expert from the electricity power
supplier group

Criterion 1) 2 3 4) (5) (6) @ (8)
Distance from SCls of
the NATURA 2000 1.00 | 5.00 | 2.00 | 5.00 | 5.00 | 5.00 | 2.00 | 5.00

network (1)
Distance from water
bodies (2)
Distance from
archaeological sites,
monuments and
monasteries (3)
Distance from the
electricity transmission | 0.20 | 0.20 | 0.20 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
lines (4)
Distance from the road
network (5)

Slope (6) 0.20 | 0.25 | 0.20 | 1.00 | 0.33 | 1.00 | 1.00 | 1.00

Visibility from most
visited areas (7)
Biomass/Biogas

potential (8)

0.20 | 1.00 | 1.00 | 5.00 | 4.00 | 4.00 | 1.00 | 2.00

0.50 | 1.00 | 1.00 | 5.00 | 5.00 | 5.00 | 2.00 | 4.00

0.20 | 0.25 | 0.20 | 1.00 | 1.00 | 3.00 | 1.00 | 1.00

0.50 | 1.00 [ 0.50 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00

0.20 | 0.50 | 0.25 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00

Table 4.14 The relative importance of the selected criteria, for biomass/biogas plants
siting, from the different stakeholders

S —

Polic Electricity Environmental Aggregation
Criterion y power Academia Engineers | of individual
Maker ; group o
supplier priorities
Distance from SCls of
the NATURA 2000 0.06 0.32 0.08 0.24 0.22 0.18
network
Distance from water |, 0.16 0.08 0.14 0.12 0.13
bodies
Distance from
archaeological sites, |, ¢ 0.21 0.11 0.21 0.09 0.14

monuments and
monasteries
Distance from the
electricity 0.12 0.06 0.06 0.06 0.11 0.09
transmission lines
Distance from the
road network

Slope 0.25 0.05 0.05 0.17 0.05 0.11
Visibility from most
visited areas

Biomass/Biogas
potential

0.15 0.07 0.23 0.05 0.12 0.13

0.25 0.09 0.16 0.10 0.04 0.13

0.03 0.06 0.23 0.03 0.25 0.10

Map 4.3 presents the priority percentage of the available siting areas of
the environmental scenario, for biomass plants siting, while in Table 4.15 the

municipality coverage by the sustainable siting areas and the biomass
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potential per municipality are presented. The energy potential from wood

biomass per municipality is derived from the Equation:

Ben =

1

B,, X LHV, X n (4.8)
1

n

In Equation (4.8), Ben is the energy potential of wood biomass (in
GJly), Bay is the available wood biomass (in t/y), LHV is the lower heating
value of the different wood biomass species i (14 GJ/t for vineyards, olive,
fruit and broadleaved forest trees and 15 GJ/t for coniferous trees [33]) and
Nett IS the efficiency of the biomass to electricity conversion technology (0.35

for combustion to electricity [55]).

Panemos.. .. pers
et s e
x}' VN . ™
!:-- [ . X :'l
_J.""F I‘;‘ i » Ea f‘" ¢l
- - . AL gl
eI e - { = SNk
L e sy af e r " - ’ ::
L "_"? 5 :
| ., al 5
1 i e 4 s
LY Ly | ..“""".__.._
i y . . : a 3 Zolana Aragia
. & LA [ '-= = {
vy N = J
~5 1 1 o e,
o i b g fend St § k
v o 0 i} . i Y
' LA T Aghes Basilis = { y
it R VOl Y o At Y ; I
, - spil Jpmari . { ¥
] » | o T | i
i i N
y, § ] VoY J
T oL /
== [ A - 4
L S T {
R By i -]. J'II
: ‘ R N i
—T L i A e . 5
o M ‘ " e, .é_-
; S - ia Gralini
0 22545 g Thepgetoen O
- Kilometers
LEGEND
Femm Ex TECHNICAL LMIVERSITY OF CRETE (TUC)
| Municipalities Bouncaris of the Regicnal Unit of Refymne ; SEHAOL OF ERVIBONMENTAL ERGINEERMG
Priority Percentage = F &b TAIMARLF FHFSY
B oo WHTEMES LABDRATORY
1 m-m'f A GI5-based Analytical Hierarchy Procass Aproach
| ! - for the Sustainable Siting of Renewable Enengy Installations:
[ ] soze The Case Study of the Regional Unit of Rethymno
20-0%

Marina Giamalaki, Chania, 2018

Exchrsion Areas

Map 4.3 Priority map for biomass plants siting based on the criteria
weights derived from the AHP
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Table 4.15 Biomass potential and the municipality coverage by the

sustainable siting areas for biomass plants siting

. . Municipality Coverage (%) of
Biomass Potential the Sustainable Siting Areas
Municipality Biomass En?rgy Potential |, o5 with Areas with
. rom Wood S S
potential Biomass Priority 80- Priority 60-
0 0,
(tly) (GWhy) 100% 80%
Agios 3,626.18 4.94 0.29 10.54
Vasilios
Amari 2,335.13 3.18 0.16 6.86
Anogia 225.88 0.31 0.01 2.78
Mylopotamos 5,501.31 7.49 0.45 14.72
Rethymno 11,201.30 15.25 0.50 14.31
Total 22,889.80 31.16 1.40 49.21

However, for the sustainable biomass plants siting locations, an
additional analysis was also performed, as many of the areas with the highest
biomass potential are excluded based on the exclusion criteria adopted, as it

can be seen in Map 4.4.
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Map 4.4 The biomass potential of the Regional Unit of Rethymno and |
the exclusion areas for biomass plants siting
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Therefore, after the combination of the selected criteria, based on the
priorities derived by the AHP, the siting areas with the highest priority (80-
100%) are derived. In these areas, hypothetical biomass plants were sited
and with a location-allocation tool, in ArcGIS 10.3, five of them were chosen,
which can allow the greatest coverage of the available biomass potential,
within a 10km driving distance (Map 4.5). The available biomass potential for
energy production (combustion to electricity efficiency 0.35 [55]) for each
location is presented in Table 4.16, with the corresponding energy potential.
As we can see, many high biomass potential areas are covered by these high

priority siting areas, within a 10km driving distance.
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Map 4.5 Allocation of the available biomass potential to five
hypothetical biomass plants in high priority siting areas
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Table 4.16 Available biomass and energy potential per high priority
location

. Available Biomass Energy Potenf[ial of the
Location (thy) Available Biomass
(GWhly)
3 2,527.59 3.44
4 1,496.77 2.04
6 3,793.74 5.16
16 757.26 1.03
33 3,875.55 5.28

Finally, the selected criteria were also combined to produce the priority
map for biogas plants siting, presenting in Map 4.6. In addition, the biogas
potential per municipality and the coverage by the sustainable siting areas
are presented in Table 4.17. For the energy biogas potential estimation, the

Equation (4.9) was employed.
Benb = Bb X LHVb X Negr (49)

In Equation (4.9), Benp corresponds to the energy potential of the
available biogas quantities (in MJ/y), By is the annual average biogas
potential per municipality (in m*/y), LHV, is the lower heating value of biogas
(taken equal to 20 MJ/m? [70]) and ne is the efficiency of the conversion

technology (taken equal to 0.85 for electricity and heat production [71]).

Table 4.17 Biogas potential and the municipality coverage by the
sustainable siting areas for biogas plants siting

Municipality Coverage (%)
Biogas Potential of the Sustainable Siting
Municioalit Areas
unicipaiity Biogas Energy Potential | Areas with | Areas with
Potential from Biogas Priority 80- | Priority 60-
(m3y) Sources (GWhly) 100% 80%
Agios Vasilios - - 0.17 9.78
Amari - - 0.08 5.93
Anogia 23,715.51 0.11 0.01 3.00
Mylopotamos 82,071.71 0.39 0.23 13.94
Rethymno 11,976,602.78 56.92 0.20 13.56
Total 12,082,390 57.42 0.69 46.21
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Map 4.6 Priority map for biogas plants siting based on the criteria
weights derived from the AHP
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5 Sensitivity analysis

In Section 4, the priority maps, for each of the renewable energy systems
studied, were produced, based on the criteria weights derived from the
implementation of an Analytical Hierarchy Process (AHP). The suitability
assessment performed in the previous Section, was based on value scores
assigned to each criterion and on their associated relative importance,
determined by implementing a survey among local renewable energy

stakeholders.

In this Section, in order to check the sensitivity of the assigned weights
and the results obtained, a sensitivity analysis was carried out. For the
sensitivity analysis implementation, different scenarios were employed,
concerning the criteria weights. Apart from an equal-weighted scenario,
techno-economic, socio-environmental and safety scenarios were employed.
For example, in the techno-economic scenario, all techno-economic criteria
were given equal weights and for the rest criteria, their relative importance
was set to zero. In the next Sections, the different scenarios for the sensitivity
analysis implementation and the associated results, for each of the renewable

energy technologies studied are presented.

5.1 Sensitivity analysis implementation for wind energy installations
siting

In this Section, the different scenarios, concerning the criteria relative
importance for wind energy installations siting, for the sensitivity analysis
implementation are presented. Table 5.1 presents the criteria weights derived
from the AHP, as well as the criteria weights for the different scenarios
employed, for the sensitivity analysis implementation. In the techno-
economic, socio-environmental and safety scenarios, the criteria not falling
under each category, were assigned a weight equal to zero, after consulting
Table 3.5, describing the evaluation criteria type for wind energy installations

siting.
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Table 5.2 presents the results from the sensitivity analysis, in terms of the
coverage percentage of the Regional Unit of Rethymno from the available
siting area of the environmental scenario (Section 3.2.1), by the different
priority classes. The greatest reduction of the sustainable siting areas, in
relation to the coverage derived from the AHP, is encountered in the techno-
economic scenario, while for the other employed scenarios, the coverage is
not much different, in relation to the AHP scenario. In addition, it must be
noted that the priority vectors derived from the AHP emphasize in the safety
and socio-environmental criteria, giving them greater importance in relation to
the techno-economic criteria, and therefore there is a great difference in the
relative importance of these criteria between the AHP and the techno-
economic scenario. The priority maps produced from the weights derived
from the AHP and the different sensitivity analysis scenarios can be found in

the Map Annex.

Table 5.1 Criteria relative importance in the different sensitivity analysis
scenarios for wind energy installations siting

Criteria Relative Importance (%)
Evaluation Criteria Equa| - Techno- Socio-
. : . Safety
AHP Weighted | economic | environmental .
) . . Scenario
Scenario | Scenario Scenario
Distance from the NATURA
2000 sites 17 9 0 20 0
Distance fr_om water 10 9 0 20 0
bodies
Distance from
archaeological sites and 11 9 0 20 0
monuments
Distance from antennas 11 9 0 0 50
Distance from nat_lonal 13 9 0 0 50
defense installations
Distance from_ the high 6 9 20 0 0
voltage lines
Distance from the road 5 9 20 0 0
network
Slope 6 9 20 0 0
Elevation 6 9 20 20 0
Visibility from most visited 3 9 0 20 0
sites
Wind potential 8 9 20 0 0
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Table 5.2 The coverage of the Regional Unit of Rethymno in the different
sensitivity analysis scenarios, for wind energy installations siting

Coverage of the Regional Unit of Rethymno (%)

Priority -
Percentage Equal- Techno'- .SOCIO- Safety
0 AHP Weighted | Economic | Environmental .
(%) ) . . Scenario
Scenario Scenario Scenario
100-80 0.39 0.17 1.25 1.57 2.88
80-60 10.82 9.94 6.57 8.14 8.29
60-40 471 5.96 8.10 5.49 3.72
40-20 0.19 0.04 0.18 0.91 1.13
20-0 0.00 0.00 0.00 0.01 0.09
Sustainable |, 59 10.11 7.83 9.71 11.18
Siting Areas

5.2 Sensitivity analysis implementation for solar energy installations

siting

The equal-weighted, the socio-environmental and the techno-economic

scenario were also employed for checking the sensitivity of the results

obtained from the AHP, for solar energy installations siting. Therefore, Table

5.3 presents the criteria weights, in the different employed weight scenarios.

Table 5.3 Criteria relative importance in the different sensitivity analysis

scenarios for solar energy installations siting

Criteria Relative Importance (%)
Equal- Techno- Socio-
Evaluation Criteria AHP Weighted Economic | Environmental
Scenario Scenario Scenario
Distance fr'om the 16 10 0 20
coastline
Distance fr'om water 12 10 0 20
bodies
Distance from the
electricity 7 10 17 0
transmission lines
Distance from the 8 10 17 0
road network
Aspects 10 10 17 0
Land cover 12 10 0 20
Slope 8 10 17 0
Elevation 9 10 17 20
V|S|b|_||t_y fror_n most- 9 10 0 20
visited sites
Solar potential 7 10 17 0
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In the Map Annex, the priority maps accrued from the different
sensitivity analysis scenarios can be found, while in Table 5.4 the results, in
terms of the Regional Unit's coverage by the different priority classes, for PVs
and CSPs siting are presented. In addition, the results of the Table 5.4
concern the coverage of the Regional Unit of Rethymno by the available
areas of the socio-environmental scenario, described in Section 3.3.1. As it
can be seen from the Table, the greatest reduction in the sustainable areas
coverage, in relation to the one from the AHP, accrues in the equal-weighted
scenario, while a reduction is also observed in the techno-economic scenario
for both PVs and CSPs siting. In addition, the results are about the same for

the AHP and socio-environmental scenario.

Table 5.4 The coverage of the Regional Unit of Rethymno in the different
sensitivity analysis scenarios, for solar energy installations siting

Coverage of the Regional Unit of Rethymno (%)
Priority PV Farms CSP Farms
Percg/ntage Equal- Techno- Socio- Equal- Techno- Socio-
(%) AHP | Weighted | Economic | Environmental | AHP | Weighted | Economic | Environmental
Scenario Scenario Scenario Scenario | Scenario Scenario
100-80 0.71 0.25 3.16 2.73 0.29 0.05 1.13 2.73
80-60 37.79 26.67 29.22 29.41 31.98 19.02 22.54 29.41
60-40 22.21 32.99 25.05 26.28 28.20 39.14 29.30 26.28
40-20 0.12 0.91 3.42 2.40 0.35 2.61 7.21 2.40
20-0 0.00 0.00 0.10 0.00 0.00 0.00 0.77 0.00
Sustainable | 55 55 | 56 9o 32.39 32.15 32.27 19.07 23.68 32.14
Siting Areas

5.3 Sensitivity analysis implementation for biomass plants siting

Finally, the same sensitivity analysis procedure was conducted for the
sensitivity checking of the AHP results, for biomass plants siting. Table 5.5
describes the criteria weights, in the different employed scenarios, while in
the Map Annex the accruing priority maps can be found. In addition, Table 5.6
contains  the coverage of the Regional Unit of Rethymno, by the
environmental scenario’s available areas (Section 3.4.1), in terms of its
allocation in the different priority classes. In this case, it is also obvious the
reduction of the sustainable siting areas in the techno-economic scenario and

the socio-environmental oriented results from the AHP.
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Table 5.5 Criteria relative importance in the different sensitivity analysis
scenarios for biomass plants siting

Equal- Techno- Socio-
Evaluation Criteria AHP | Weighted | Economic | Environmental
Scenario Scenario Scenario
Distance from SCls of
the NATURA 2000 18 12.5 0 25
network
Distance fr_om water 13 125 0 o5
bodies
Distance from
archaeological sites, 14 125 0 o5

monuments and
monasteries
Distance from the
electricity 9 125 25 0
transmission lines
Distance from the road

13 125 25 0
network
Slope 11 12.5 25 0
V|S|p|I|_ty from most 13 125 0 o5
visited areas
Biomass potential 10 12.5 25 0

Table 5.6 The coverage of the Regional Unit of Rethymno in the different
sensitivity analysis scenarios, for biomass plants siting

Priority Coverage of the Regional Unit of Rethymno (%)

Percentage Equal- Techno_— _Socio-
(%) AHP Welghte;d Economlc Envwonmt_ental

Scenario Scenario Scenario
100-80 0.34 0.16 1.39 5.00
80-60 11.34 7.17 4.09 13.75
60-40 16.62 19.78 9.27 9.12
40-20 2.04 3.21 12.12 2.30
20-0 0.02 0.04 3.49 0.18
;Lt’;tg'z‘:‘g;es 11.68 7.33 5.48 18.76
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6 Conclusions

The RES siting problem and more specifically the problem of finding
suitable sites to host renewable energy installations is a common research
area for scientific papers and other studies. The main characteristic of this
problem is its complexity, as different and often contradictive criteria have to
be taken into consideration, in order to find the most suitable siting areas. For
example, an environmental criterion for wind energy installations siting, such
as the distance from areas of environmental interest, whose aim is to be
maximized, in some cases may contradict with the criterion of the distance
from the road network, which is a techno-economic criterion aimed to be
minimized. Therefore, the key objective of the RES site selection studies is to
find the most suitable locations, for the minimization of the impacts on the
natural and human environment and the maximization of the economic and

technical potential.

This study dealt with the renewable energy installations siting problem, by
employing Geographic Information Systems and the Analytical Hierarchy
Process (AHP). Therefore, a dynamic methodology was developed, for
finding the sustainable siting areas to host wind, PV and CSP farms, as well
as biomass and biogas plants. The adopted methodology was applied in the

case study of the Regional Unit of Rethymno and enabled:

e the identification of the legally available siting areas for each RES, after
reviewing the related legislation

e the evaluation of the available siting locations, based on techno-economic,
socio-environmental and safety criteria

¢ the classification of each evaluation criterion into a five-class priority scale,
after a rigorous literature review

e the determination of the criteria relative importance, by implementing the
AHP, where local experts from different involved renewable energy-
related groups were asked to perform the necessary pair-wise

comparisons of the selected criteria
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e the identification of the sustainable siting areas for each RES, after the
production of priority maps with a weighted sum aggregation of the
selected criteria

e the sensitivity evaluation of the methodology’s results, by employing

different scenarios for the criteria weights

The results from the adopted methodology, for the Regional Unit of
Rethymno, in terms of the coverage from the highest priority sustainable
siting areas (80-100%) are: 1.55% for wind energy installations, 2.88% for PV
farms, 0.17% for CSP farms, 1.40% for biomass plants and 0.69% for biogas
plants. In addition, the results of the adopted methodology, in terms of the
potential maximum power from the highest priority areas are: 76 MW for wind
energy installations, 530MW for PVs and 30MW for CSPs. Finally, the highest
priority areas for biomass plants siting have the energy potential of
16.95GWhly, for the collection of the available biomass in a 10km driving
distance.

In addition, from the implemented sensitivity analysis, a reduction was
observed in the sustainable siting areas of the techno-economic scenatrio, in
relation to the coverage derived from the AHP, for every renewable energy
technology studied. Moreover, it must be noted that the priority vectors
derived from the AHP for each technology, emphasize in the safety and
socio-environmental criteria, giving them greater importance in relation to the
techno-economic criteria. Therefore, the main advantages of the adopted

methodology are that:

e it takes into account the three spectrums of the sustainable development
to ensure both the environmental and landscape preservation and the
feasibility of the investment

e it takes into account the complexity of the renewable energy installations
siting, by incorporating the distinct opinions of different renewable energy-
related involved groups

e it enables the creation of alternative scenarios, for the exclusion criteria
selection and the evaluation criteria importance and the visualization of

the results for each scenario
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7 Discussion and recommendations for further research

Further research can also be performed in the methodology
development, for the RES sustainable siting areas identification and its
application in the Regional Unit of Rethymno. More evaluation criteria can be
incorporated, more stakeholders can participate in the survey for the criteria
weights determination and more renewable energy technologies can be
studied. Therefore, economic evaluation criteria can be employed for the
economic potential determination and investors in the RES field can

participate in the survey, for their input in the criteria relative importance.

In addition, for the AHP implementation, the criteria can be divided into
categories, regarding their type (e.g. technical, economic, social,
environmental, safety) and the hierarchical structure of the problem can
include sub-criteria (e.g. the environmental criterion can include the distance
from the NATURA 2000 sites and the distance from the water bodies sub-
criteria). In this case, the selected stakeholders have to perform the
necessary pair-wise comparisons for the criteria and the sub-criteria of each

criterion separately.

Finally, the developed methodology is based on the quality and quantity of
the available data for collection. In this study, a special effort was made for
the collection of the necessary data from official authorities and scientific
studies. However, as discussed in previous Sections, a spatial representation
of the medium voltage lines of the Regional Unit of Rethymno was not
available to us by the competent authority. In addition, forest maps and
spatial data on the high productivity agricultural areas were not published yet
for the Regional Unit of Rethymno. Therefore, data from the historical
CORINE database were employed, concerning the forest and agricultural
areas of the region. However, despite these limitations, the methodology
developed is dynamic, allowing for the continuous update of the collected
data, which can, in turn, lead to the employment of additional evaluation

criteria.
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(N. PgBouvnc)
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Annexes

Annex A

In this Section the evaluation criteria (Crit.) and constraints (Con.) for
siting wind energy projects, from the literature review are presented. Table
A.1 and Table A.2 present the most common evaluation and exclusion
criteria, while Table A.3 present the less used criteria and constraints, based

on the literature review performed.

Table A.1 Overview of the evaluation criteria and constraints used in the
literature for wind farms site selection

Distance From:
A Areas of Water Road Electr_|0|t_y Airports Areas of  Antennas/ Residential
uthors environmental . transmission cultural telecom.
. bodies network . - . areas
interest lines interest infrastruc.
Atici et al., Con. Con. Con. Con. Con. Con. Con.
[4] Crit. Crit.
Aydin et al., Con. Con. Con. Con.
[5] Crit. Crit. Crit. Crit.
Baban and Parry, Con. Con. Con. Con. Con. Con.
[6] Crit. Crit. Crit. Crit.
Bennui et al., Con. Con. Con. Con. Con. Con.
[8] Crit. Crit. Crit. Crit. Crit. Crit.
Gorsevski et al., Crit. Con. Crit. Crit. Con. Con.
[20]
Van Haaren and Con. Con. Con. Crit. Con. Con.
Fthenakis, [22] Crit.
Hansen, Con. Crit. Crit. Crit. Crit. Crit. Crit. Crit.
[24]
Hofer et al., Con. Con. Con. Con. Crit. Con.
[26] Crit. Crit. Crit. Crit. Crit.
Janke, Crit. Crit. Crit. Crit. Crit.
[29]
Latinopoulos and Con. Con. Con. Con. Con.
Kechagia, [31] Crit. Crit. Crit.
Sanchez-Lozano Con. Con. Con. Crit. Crit. Con. Crit. Con.
et al., [47] Crit. Crit. Crit.
Noorollahi et al., Con. Con. Con. Con. Con. Con. Con.
[39] Crit. Crit.
Rodman and Con. Con.
Meentemeyer, [43]
Schallenberg- Con. Con. Con. Con. Con. Con.
Rodriguez and
Notario-del Pino,
[50]
Sliz-Szkliniarz and Con. Con. Con. Con. Con. Con. Con.
Vogt, [53]
Szurek et al., Con. Crit. Crit. Crit. Crit. Crit.
[57]
Tegou et al., Con. Crit. Con. Crit. Con. Con. Con.
[59] Crit. Crit. Crit.
Tsoutsos et al., Con. Crit. Con. Con. Con. Con. Con. Con.
[60] Crit. Crit. Crit. Crit. Crit. Crit.
Voivontas et al., Con. Con. Con.
[64]
Watson and Con. Crit. Crit. Con. Con.
Hudson, [66] Crit. Crit. Crit.
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Table A.2 Overview of the evaluation criteria and constraints used in the
literature for wind farms site selection (Continued)

Distance From:

Authors Wind Slope Elevation Land Tourist . Shoreline Forests Po_rts/ . M|I|ta_ry
speed uses Accommodations marinas installations
Atici et al., Con. Con
[4] Crit. '
Aydin et al., Con.
[5] Crit.
Baban and Parry, Con. Con.
6] con. i, Con. i,
Bennui et al., . Con. .
8] Crit. Con. Crit. Crit.
Gorsevski et al., . .
[20] Crit. Crit.
Van Haaren and . .
Fthenakis, [22] Crit. Con. Crit.
Hansen, . . . .
[24] Crit. Crit. Crit. Crit.
Hofer et al., Con. Con. Con.
[26] Crit. Crit. Crit.
Janke, . .
[29] Crit. Crit.
Latinopoulos and Con. Con. Con. Con.
Kechagia, [31] Crit. Crit. Crit. Crit.
Sanchez-Lozano . .
et al., [47] Crit. Crit. Con. Con. Con. Con.
Noorollahi et al., .
[39] Crit. Con. Con. Con.
Rodman and . . . .
Meentemeyer, [43] Con. Crit. Crit. Crit. Crit.
Schallenberg-
Rodriguez and
Notario-del Pino, Con. Con.
[59]
Sliz-Szkliniarz and
Vogt, [53] Con. Con. Con. Con.
Szurek et al., . ]
[57] Crit. Crit.
Tegou et al., Con. Con. Con. Crit
[59] Crit. Crit. Crit. '
Tsoutsos et al., . . Con.
[60] Crit. Crit. Con. Con. Con. Crit.
Voivontas et al.,
[64] Con. Con. Con.
Watson and Crit. Con. Con.

Hudson, [66]
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Table A.3 Overview of less used evaluation criteria and constraints from
the literature review of wind farm site selection

Capacity Carrying Electricity Wind Surface Soil Population Karst A Fault Aspect
. . ; . rea .
factor capacity demand direction roughness type density grounds lines

Authors

Atici et al., Con. Con.
[4] Crit. Crit.

Baban
and Parry, Con.

(6]

Bennui et

al., [8] Crit.

Gorsevski

et al., [20] Crit. Crit.

Van
Haaren
and Con.
Fthenakis,
[22]

J:Elgg]e, Crit.

Sanchez-
Lozano et Crit.
al., [47]

Szurek et .
al., [57] Crit.

Noorollahi Con
et al., [39] .

Tegou et .
al., [59] Crit.

Tsoutsos

et al., [60] Con.
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Annex B

In this Section the most common criteria (Crit.) and constraints (Con.)

for the studies presented in Section 2 are presented in Table B.1 and Table

B.2. Other less used criteria are: sunshine hours, relative humidity, land

value, population density, flooding risk, area and distance from airports,

national defense infrastructure and mines.

Table B.1 Overview of the distance criteria and constraints used in the
literature for solar farms site selection

Distance From:

Areas of Water Road Electricity Areas of
Authors environmental . transmission Residential areas cultural Shoreline
. bodies network . .
interest lines interest
Asakereh et al., Con. Con. Con. Crit Con.
[3] Crit. Crit. Crit. ) Crit.
Tavana et al., . . .
58] Crit. Crit. Crit.
Al Garni and Con. . Con.
Awasthi, [10] Con. Crit. Crit. Crit. Con.
Sun et al.,
[56] Con. Con.
Charabi and Gasli, Con.
[12] Con. Crit. Con. Con.
Merrouni et al., Con. Con. Crit Con.
[35] Crit. Crit. ) Crit.
Carrion et al., Con. . .
[11] Con. Con. Crit. Crit. Crit. Con.
Sindhu et al., . . . .
(52] Crit. Crit. Crit. Crit.
Uyan, Con. . Con.
[62] Con. Con. Crit. Crit. Crit. Con.
Hott et al., . .
28] Crit. Crit.
Watson and Con. Crit Crit Con. Con.
Hudson, [66] Crit. ) ) Crit. Crit.
Janke, . . .
[29] Con. Crit. Crit. Crit. Con.
Sadeghi and Karimi, Con. . Con.
[46] Con. Con. Crit. Crit. Crit.
Georgiou and Con. .
Skarlatos, [21] Con. Con. Crit. Crit. Con. Con. Con.
Sanchez-Lozano et Con. . Con.
al., [48], [49] Con. Con. Crit. Crit. Crit. Con. Con.
Aly et al., Con. . . Con.
2] Con. Crit. Crit. Crit. Crit.
Yushchenko et al., . . Con.
168] Con. Crit. Crit. Crit.
Mondino et al.,
[136] Con. Con. Con.
Merrouni et al., . . .
134] Crit. Crit. Crit.
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Table B.2 Overview of the criteria and constraints used in the literature
for solar farms site selection

Solar

Land

Authors potential Slope Elevation uses Temperature Aspects Visual impact
Asaker[z? etal., Crit. CC::cr)l? Crit.
TavaFSa;3 ]et al., Crit. Crit.
Al Garni ??(c)i] Awasthi, Crit ((::(r):t] Crit. Crit.
SungaL, Crit. Con. Con.
Charabi[f;]d Gasli, Crit. Con. Con.
'V'e”o[“?)rg] etal., Crit crit Con.
Cw”ﬁiftm” Crit. Crit. %ﬂ; Crit. Crit. Crit.
Sind?suziat al., Crit. Crit. Crit.
“[22;‘ Crit Cit
HoT;;aL, Crit. Crit. Crit. Crit.
Watson a[tgg] Hudson, Crit. Con. Con. Con.
J?ggf, Crit. Crit.
Sadegh%jg? Karimi, Crit. Crit. Crit. %ﬁ;’ Crit.
Swdoetps | em om  om con
el | cn  on n G o
A'yéﬁ - S con. con.
YushchﬁggoetaL, Crit. Con. Con.
Monﬁg%etah Crit. Con. Con. Con. Crit. Con.
'V'e”o[UST] etal, Crit. Crit Crit.
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Annex C

In this Section, the criteria classification and buffer distances used in
the literature, concerning the criteria selected in this study for the evaluation
of the available siting areas for wind energy installations, are presented. For
the classification of the available areas according to their suitability for each
criterion, some authors employ trapezoid membership equations and others
apply value scores to each criterion class (Tables C.1 to C.10). For this study,
the criteria classification and assigned value scores of suitability are

presented in detalil in Section 3.2.2.

Table C.1 Literature review on the criterion of the distance from areas of environmental
interest for wind energy installations site selection

Distance from
areas of

Authors . Details
environmental
interest
Atici et al., [4] Constraint >2,000m from protected areas

>1,000m from areas of ecological value,
>250m from ecologically sensitive areas,
>500m from wildlife conservation areas

Aydin et al., [5] Constraint Trapezoid fuzzy membership equation (control points:
Criterion 300, 1,000m)

For important bird habitats:
Trapezoid fuzzy membership equation (control points:
2,500, 5,000m)

. >1000m from areas of ecological value/special scientific
Baban and Parry, [6] Constraint gical value/special scienti

interest
For important bird habitats:
Gorsevski et al., [20] Criterion Trapezoid fuzzy membership equation (control points:
5,000, 30,000m)
Areas of environmental interest without important bird
habitats:
Distance(m)  Score (10 being the best)
- 0
- 1
Hofer et al., [26] Criterion 0-100 2
100-200 3
- 4
200-300 5
- 6
300-400 7
400-500 8
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Table C.1 Literature review on the criterion of the distance from areas of environmental
interest for wind energy installations site selection

Distance from
Authors qreas of Details
environmental
interest
- 9
>500 10
>1,000m from protected landscapes
. . Constraint .
Latinopoulos and Kechagia, [31] Criterion For NATURA 2000 sites:
Trapezoid fuzzy membership equation (control points: O,
3,000m)
Noorollahi et al., [39] Constraint >2,000m from environmental protected areas
Schallenberg-Rodriguez and . >1,000m from protected areas
. . Constraint
Notario-del Pino, [50]
>500m from Natura 2000 sites
Sliz-Szkliniarz and Vogt, [53] Constraint >1,000m from important bird areas
Szurek et al., [57] Constraint >2,000m
Watson and Hudson, [66] Constraint >1,000m from landscape and wildlife designations

Table C.2 Literature review on the criterion of the distance from water bodies for wind
energy installations site selection

Authors Distance fr.om Details
water bodies
Atici et al., [4] Constraint >3,000m
Aydin et al., [5] Constraint >400m
Baban and Parry, [6] Constraint >400m
Distance -Suitability
0-200m Exclusion Zone
. Constraint 200-400m Less_suitable
Bennui et al., [8] Criterion 400-600m suitable
600-800m Moderate suitable
800-1,000m High suitable
>1,000m Extremely suitable
Van Haaren and Fthenakis, [22] Constraint >3,000m from lakes
o Trapezoid fuzzy membership equation (control points:
Hansen, [24] Criterion 150, 500m)
Hofer et al., [26] Constraint >50m
. . >500m from rivers
Noorollahi et al., [39] Constraint >1,000m from lakes
Distance-Score (5 being the best)
0-200m O
200-350m 1
Szurek et al., [57] Criterion 350-500m 2
500-650m 3
650-800m 4
>800m 5
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Table C.2 Literature review on the criterion of the distance from water bodies for wind
energy installations site selection

e —
Distance from .
Authors . Details
water bodies
S -
Sliz-Szkliniarz and Vogt, [53] Constraint 200m from inland water
>250m from streams

Table C.3 Literature review on the criterion of the distance from areas of
cultural interest for wind energy installations site selection

Distance from

Authors areas of cultural Details
interest
Baban and Parry, [6] Constraint >1,000m
Distance-Suitability
0-2km Exclusion Zone
2-2.5km Less suitable
Bennui et al., [8] Criterion 2.5-3km Suitable

3-3.5km Moderate suitable

3.5-4km High suitable

> 4km Extremely suitable
For churches:
Hansen, [24] Criterion Trapezoid fuzzy membership equation (control points:
300, 500m)
Distance-Score (10 being the best)
- 0
0-600m 1
600-700m 2
700-800m 3
_ 800-900m 4
Hofer et al., [26] Criterion 900-1,000m 5
1,000-1,100m 6
1,100-1,200m 7
1,200-1,300m 8
1,300-1,400m 9
>1,400m 10
. . o Trapezoid fuzzy membership equation (control points:
Latinopoulos and Kechagia, [31] Criterion 1,000,3,000m)
Noorollahi et al., [39] Constraint >700m from ancient and cultural monuments
Sliz-Szkliniarz and Vogt, [53] Constraint >1,000m from castles and cultural relicts
Tegou et al., [59] Conjstr.alnt >500m,3,000m,6,000m with different value scores
Criterion
Voivontas et al., [64] Constraint >2,000m
Watson and Hudson, [66] Constraint >1,000m
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Table C.4 Literature review on the criterion of the distance from
antennas for wind energy installations site selection

Authors Distance from Details
antennas
Atici et al., [4] Constraint >600m
o Trapezoid fuzzy membership equation (control points:
Hansen, [24] Criterion 1,000,1,500m)
< 200m 0
(O:constrain, 5 most suitable)
200-350m 1
Szurek et al., [57] Criterion 351-500m 2
501-650m 3
651-800m 4
>800 m 5
. <400m(regular), 400-1,000m(good), 1,000-4,000m (very
Sanchez-Lozano et al., [47] Criterion good), >4,000m(excellent)

Table C.5 Literature review on the criterion of the distance from airports
for wind energy installations site selection

Distance from

Authors ; Details
airports
Atici et al., [4] Constraint >5,000m
Aydin et al., [5] Criterion Trapezoid fuzzy membership equation (control points:

3,000,6,000m)
Distance-Suitability
0-3km Exclusion Zone
3-6km Less suitable
Bennui et al., [8] Criterion 6-9km suitable
9- 12km Moderate suitable
12-15km High suitable
>15km Extremely suitable
Trapezoid fuzzy membership equation (control points:
5,000,7,500m)
Latinopoulos and Kechagia, [31] Constraint >3,000m
<7,000m (regular) 7,000-20,000m (good) 20,000-

Hansen, [24] Criterion

Sanchez-Lozano et al., [47] Criterion 35,000m (very good) >35,000m(excellent)
. . >15,000m from military airport
Noorollahi et al., [39] Constraint >2,500m from commerdial airport
Schallenberg-Rodriguez and :
Notario-del Pino, [50] Constraint >3,500m
Sliz-Szkliniarz and Vogt, [53] Constraint >3,000m
Voivontas et al., [64] Constraint >2,500m

Table C.6 Literature review on the criterion of the distance from electricity transmission

lines for wind energy installations site selection
_— ||

Distance from .
Authors e . Details
transmission lines

Baban and Parry, [6] Constraint <10,000m
Trapezoid fuzzy membership equation (control points:
1,000, 20,000m)
Trapezoid fuzzy membership equation (control points:
200, 500m)

Gorsevski et al., [20] Criterion

Hansen, [24] Criterion
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Table C.6 Literature review on the criterion of the distance from electricity transmission

lines for wind energy installations site selection
_— ||

Distance from .
Authors e . Details
transmission lines

Distance(m) Score (10 being the best)
0-100
>9,000
8,000-9,000
7,000-8,000
6,000-7,000
5,000-6,000
4,000-5,000
3,000-4,000
2,000-3,000
1,000-2,000
100-1,000 10

Distance (m)-Suitability
>5,000(regular)
Sanchez-Lozano et al., [47] Criterion 5,000-1,500(good)
1,500- 500(very good)
<500(excellent)
Distance Score (10 being the best)

250-2,000m 10

2,000-4,000m 9

Noorollahi et al., [39] Criterion 4,000-6,000m 7
6,000-8,000m 5

3

1

Hofer et al., [26] Criterion

Co~NoahhwNER O

8,000-10,000m
>10,000m

Table C.7 Literature review on the criterion of the distance from the road network for wind

energy installations site selection
O —

Distance from .
Authors the road network Details

Distance- Score (10 constraint, 1 best)
0-100m 10

101-999m 1
1,000-1,999m
2,000-2,999m
Baban and Parry, [6] Criterion 3,000-3,999m
4,000-4,999m
5,000-5,999m
6,000—6,999m
7,000-7,999m
8,000-8,999m

Distance-Suitability
0-0.5km Exclusion Zone
0.5-1.0km Less suitable
Bennui et al., [8] Criterion 1.0-1.5km suitable
1.5-2.0km Moderate suitable
2.0-2.5km High suitable
> 2.5km Extremely suitable

Trapezoid fuzzy membership equation (control

points: 1,000, 10,000m)

Distance-Score (0 constraint, 10 best)
- 0

O©CoO~NOUTAWN

Gorsevski et al., [20] Criterion

Hofer et al., [26] Criterion
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Table C.7 Literature review on the criterion of the distance from the road network for wind
energy installations site selection

Distance from .
Authors the road network Details
>500m

450-500m

400-450m

350-400m

300-350m

250-300m

200-250m

150-200m

100-150m

0-100m 10

Trapezoid fuzzy membership equation (control
points: 200,5,000m)

>5,000m(regular) 5,000-2,000m(good) 2,000-

500m(very good) <500(excellent)
Distance-Score (10 being the best)

<500m 0
500-2,000m 10
2,000-4,000m 9
4,000-6,000m 8
6
4
2

co~Nouoh~hwNPkE

Latinopoulos and Kechagia, [31] Criterion

Sanchez-Lozano et al., [47] Criterion

Noorollahi et al., [39] Criterion

6,000-8,000m
8,000-10,000m
>10,000m

Table C.8 Literature review on the criterion of the slope for wind energy installations site
selection

Authors Slope Details
Atici et al., [4] Constraint <10%
Baban and Parry, [6] Constraint <10%
Bennui et al., [8] Constraint <15%
Van Haaren and Fthenakis, [22] Constraint <10%
Slope-Score (10 being the best)
>30%
27-30
24-27
21-24
18-21
15-18
12-15
19-12
6-9
3-6
0-3 10
Trapezoid fuzzy membership equation (control points:
5, 20%)
Slope-Suitability
> 50%(regular)
Sanchez-Lozano et al., [47] Criterion 50-30(good)
30-15 (very good)
<15(excellent)
Noorollahi et al., [39] Constraint <15%
Rodman and Meentemeyer, [43] Criterion Slope-Suitability

= O

Hofer et al., [26] Criterion

O©CoOo~NOOThAWN

Latinopoulos and Kechagia, [31] Criterion

126



Annexes

Table C.8 Literature review on the criterion of the slope for wind energy installations site
selection

Authors Slope Details

0-7degrees(excellent)
7-16degrees(good)
16-30degrees (fair)
30-40degrees(poor)
>40degrees (unsuitable)

Schallenberg-Rodriguez and . 1000
Notario-del Pino, [50] Constraint <45degrees=100%

Slope Score (1 being the best)

0% 1

0-10 0.9

Tegou et al., [59] Criterion 10-15 0.6
15-20 0.2

20-25 0.1

25-74 0.0

Voivontas et al., [64] Constraint <60%
Watson and Hudson, [66] Constraint <10degrees=18%

Table C.9 Literature review on the criterion of the elevation for wind
energy installations site selection

Authors Elevation Details

Atici et al., [4] Constraint <1,500m
Noorollahi et al., [39] Constraint <2,000m
Voivontas et al., [64] Constraint <1,000m

Table C.10 Literature review on the criterion of the wind potential for wind energy
installations site selection

Authors Wind potential Details
Baban and Parry, [6] Constraint >5m/s
Wind speed(m/s)-Suitability (Class 4 being the best)
0-5.6 (Class1)
Gorsevski et al., [20] Criterion 5.6-6.4 (Class 2)
6.4—7.0 (Class 3)
7.0-7.5 (Class 4)
Wind speed-Score (10 being the best)
Hofer et al., [26] Criterion <6.00m/s 0
>7.00m/s 10
Trapezoid fuzzy membership equation (control points:
5, 7.5m/s)
Wind speed (m/s)-Suitability
<3.20 (regular)
Sanchez-Lozano et al., [47] Criterion 3.20-5.50 (good)
5.50 -7.00 (very good)
>7.00 (excellent)

Wind speed-Score (10 being the best)

Latinopoulos and Kechagia, [31] Criterion

<5.6 m/s 0
Noorollahi et al., [39] Criterion 5.6-6.4 m/s 2
6.4-6.9 m/s 4
6.9-7.5m/s 6
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Table C.10 Literature review on the criterion of the wind potential for wind energy
installations site selection

Authors Wind potential Details
7.5-9.5 m/s 8
>9.5 m/s 10
Rodman and Meentemeyer, [43] Constraint >7mls
Schallenberg-Rodriguez and :
Notario-gel Pino% [50] Constraint >4.8m/s
Tegou et al., [59] Constraint >4m/s
Tsoutsos et al., [60] Criterion >8m/s
Voivontas et al., [64] Constraint >6m/s
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Annex D

Similar to wind energy installations, a literature review was conducted

for solar energy installations, presenting the buffer distances and criteria

classification applied in the studies, found in the literature. Tables D.1 to D.7

present the criteria classification and constraint values applied in the literature

for the criteria selected in this study. Consulting these Tables the criteria

classes for this study were produced, as presented in detail in Section 3.3.2.

Table D.1 Literature review on the criterion of the distance from the road
network for solar energy installations site selection

Authors

Distance from

the road network Details

Asakereh et al., [3]

>100m
Trapezoid fuzzy membership equation (control points:
13, 40km)

Constraint
Criterion

Al Garni and Awasthi, [10]

Constraint >500m

Merrouni et al., [35]

>100m

(more suitable to less suitable)
Constraint <1.5km
Criterion 1.5-5km
5-7.5km
>7.5km

Carrion et al., [11]

(more suitable to less suitable)
<1km
Criterion 1-2km
2-3km
>3km

Uyan, [62]

>100m
(more suitable to less suitable)
Constraint 100-1,000m
Criterion 1,000-3,000m
3,000-5,000m
>5,000m

Sadeghi and Karimi, [46]

Constraint >100m

Georgiou and Skarlatos, [21]

>50m

Constraint <2,500m

Aly et al., [2]

(more suitable to less suitable)
0-5km
5- 10km
10 — 15km
15 — 20km
>20km

Criterion

Yushchenko et al., [68]

Less suitable: > 5km
Moderately suitable: 3—5km
Suitable: 1-3km
Best suitable: < 1km

Criterion
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Table D.2 Literature review on the criterion of the distance from the electricity transmission
lines for solar energy installations site selection

T —
Distance for

the electricity
transmission
lines

Authors Details

(more suitable to less suitable)
<1lkm
Merrouni et al., [35] Criterion 1-5km
5-10km
>10km
(more suitable to less suitable)
<1km
Carrion et al., [11] Criterion 1-2km
2 —-10km
>10km
(more suitable to less suitable)
<3,000m
Uyan, [62] Criterion 3,000-6,000m
6,000-10,000m
>10,000m
Georgiou and Skarlatos, [21] Criterion <2,000m
(more suitable to less suitable)
5—10km
10 — 15km
15 -20km
Aly et al., [2] Criterion 20 — 25km
25 -30km
30 — 40km
40 — 50km
>50 km
Less suitable: > 30 km
Moderately suitable: 5-30 km
Suitable: 1-5 km
Best suitable: <1 km

Yushchenko et al., [68] Criterion

Table D.3 Literature review on the criterion of the slope for solar energy installations site

selection
Authors Slope Details
Asakereh et al., [3] Criterion Trapezoid fuzzy m.eml_)ership equation (control
points: 3, 10%)
Al Garni and Awasthi, [10] Constraint <5deg=8.8%
Sun et al., [56] Constraint <4deg=7%
Charabi and Gasli, [12] Constraint <5deg=8.8%
(more suitable to less suitable)
<1%
Merrouni et al., [35] Criterion 1-2.5%
2.5-5%
>5%
(more suitable to less suitable)
<3%
4-6%
Carrion et al., [11] Criterion 7-9%
10-12%
13-15%
16-18%
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Table D.3 Literature review on the criterion of the slope for solar energy installations site

selection
Authors Slope Details
19-21%
22-24%
25-27%
28-30%
>30%
(more suitable to less suitable)
<1%
Uyan, [62] Criterion 1-2%
2-3%
>3%
Hott et al., [28] Constraint <15deg=27%
Watson and Hudson, [66] Constraint <10deg=17.6%
Georgiou and Skarlatos, [21] Constraint <45deg=100%
Aly et al., [2] Constraint <3%
Yushchenko et al., [68] Constraint <10%
Mondino et al., [36] Constraint <15%
Merrouni et al., [34] Constraint <5%

Table D.4 Literature review on the criterion of the aspect for solar

energy installations site selection

Authors Aspect Details
Al Garni and Awasthi, [10] Criterion South-facing slope is ideal
(most suitable to less suitable)
South
Southeast
Southwest
Carrion et al., [11] Criterion East
West
Northeast
Northwest
North
Hott et al., [28] Constraint Southeast to southwest (112.5-247.5° is suitable)
Watson and Hudson, [66] Constraint Southeast to southwest is ideal
Georgiou and Skarlatos, [21] Constraint Exclude areas with aspect east | west | north |
northeast | northwest
Mondino et al., [36] Constraint For slopes 3-15%, aspect 135-225°

Table D.5 Literature review on the criterion of the land uses for solar energy installations

site selection
i i N ———_——l——i———}
Authors Land uses Details

Trapezoid fuzzy membership equation(control points:
0, 1km) for the distance from agriculture areas

Trapezoid fuzzy membership equation (control

Asakereh et al., [3] Criterion points: 100,500m) for the distance from forests
Trapezoid fuzzy membership equation (control
points: 100,400m) for the distance from shrubberies
and reed-bed (important land covers)

Buffer 500m from vegetation

Merrouni et al., [35] Constraint
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Table D.5 Literature review on the criterion of the land uses for solar energy installations
site selection

T ——
Authors Land uses Details

(most suitable to less suitable)
Area without vegetation
Dryland herbaceous crops
Carrion et al., [11] Criterion Irrigated herbaceous crops
Herbaceous and woody crops
Woody crops
Other uses
(most suitable to less suitable)
Uyan, [62] Criterion Barren
Agricultural
Hott et al., [28] Constraint Suitable are open, barren grasslands
Watson and Hudson, [66] Constraint Exclusion of agricultural land
(most suitable to less suitable)
Arid
Sadeghi and Karimi, [46] Criterion Cultivation
Grass
Orchard and woods
Georgiou and Skarlatos, [21] Constraint Exclusion of high vegetation
Exclusion of surfaces occupied by built-up areas,
Yushchenko et al., [68] Constraint agricultural zones, forests, wetlands, and water
bodies

Table D.6 Literature review on the criterion of the distance from water
bodies for solar energy installations site selection

Authors Distance frlom Details
water bodies

(more suitable to less suitable for CSP)

0 — 3km
o 3 —5km
Aly et al., [2] Criterion 5 _ 7km
7 — 9km
>9km
Trapezoid fuzzy membership equations
Asakereh et al., [3] Criterion (control point: 100,400m) from rivers

(control points: 300,500m) from lakes

(most suitable to less suitable)
Distance from water ways (km)
Merrouni et al., [35] Criterion <5, 5-10, 10-15, >15
Distance from dams (km)
<10, 10-15, 15-25, >25

Carrion et al., [11] Constraint >105m from rivers
Sadeghi and Karimi, [46] Constraint >500m from wetlands
Georgiou and Skarlatos, [21] Constraint >100m from surface waters

Table D.7 Literature review on the criterion of the solar potential for solar energy
installations site selection

T —

Authors Solar potential Details

Gaussian fuzzy membership equation
>6kWh/m?/day (excellent)

Merrouni et al., [35] Criterion (most suitable to less suitable)

Asakereh et al., [3] Criterion
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Table D.7 Literature review on the criterion of the solar potential for solar energy
installations site selection

e
Authors Solar potential Details
2,175-2,304 kWh/m®/year
2,050-2,175 kWh/m?’/year
1,925-2,050 kWh/m?/year
1,816-1,925 kWh/m®/year
(most suitable to less suitable)
4,557-4,596 Wh/m?/day
4,596-4,636 Wh/m?*/day
4,636-4,675 Wh/m?*/day
4,675-4,714 Wh/m?*/day
4,714-4,754 Wh/m?/day
4,754-4,793 Wh/m?/day
4,793-4,832 Wh/m?/day
4,832-4,872 Wh/m?/day
4,872-4,911 Wh/m?/day
(most suitable to less suitable)
<900,000 Wh/m?/year
Sadeghi and Karimi, [46] Criterion 900,000-1,200,000 Wh/mzlzyear
1,200,000-1,500,000 Wh/m*/year
>1,500,000 Wh/m?/year
>1,700kWh/m,/year GHI for PVs
>1,800kWh/m?/year DNI for CSPs
(most suitable to less suitable)
GHI(kWh/m?/year)
2,250-2,300
2,200-2,250
2,150-2,200
2,100-2,150
2,050-2,100
2,000-2,050
1,950-2,000
1,900-1,950
1,850-1,900
1,800-1,850
1,750-1,800
1,700-1,750
DNI(kWh/m?/year)
2,150-2,200 100
2,100-2,150 95
2,050-2,100 90
2,000-2,050 85
1,950-2,000 80
1,900-1,950 75
1,850-1,900 50
1,800-1,850
For PV: maximize GHI
Less suitable: < 1,800 kWh/m?/year
Moderately suitable: 1,800- 2,100
kWh/m?/year
Suitable: 2,100-2,300 kWh/m?/year
Best suitable: > 2,300 kWh/m?/year

Carrion et al., [11] Criterion

Constraint

Aly et al., [2] Criterion

Yushchenko et al., [68] Criterion

For CSP: maximize DNI
Less suitable: < 1,800 kWh/m?/year
Moderately suitable: 1,800— 2,300 kWh/m®/year
Suitable: 2,300-2,700 kWh/m?/year
Best suitable: > 2,700 kWh/m®/year
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Annex E

In this Section, the literature review on the biomass/biogas plants
evaluation siting criteria and constraints is presented. Tables E.1 to E.7
present the criteria classification and buffer distances found in the literature,
concerning the evaluation criteria selected for this study. A detailed
description of the evaluation criteria and related priority scales, for this study,

is presented in Section 3.4.2.

Table E.1 Literature review on the criterion of the distance from areas of
environmental interest for biomass plants site selection

Distance from
Authors greas of Details
environmental
interest
Perpina et al., [40] Constraint >500m
Perpina et al., [41] Constraint >500m
Silva et al., [51] Constraint Exclusion of environmental protected areas
Sliz-Szkliniarz and Vogt, [54] Constraint . .
- Exclusion of environmental protected areas,
Herrera-Seara et al., [25] Constraint .
- such as NATURA 2000 sites
Wu et al., [67] Constraint

Table E.2 Literature review on the criterion of the distance from water
bodies for biomass plants site selection

Distance from

Authors water bodies Details

Perpina et al., [40] Constraint >100m

Perpina et al., [41] Constraint >500m

Silva et al., [51] Constraint, >150m
Criterion

Sliz-Szkliniarz and Vogt, [54] Constraint >50m

Wu et al., [67] Constraint >50m

Table E.3 Literature review on the criterion of the distance from areas of
cultural interest for biomass plants site selection

Distance from
Authors areas of cultural Details
interest
Perpina et al., [41] Constraint >200m
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Table E.4 Literature review on the criterion of the distance from the road
network for biomass plants site selection

Authors Distance from the Details
road network
Perpina et al., [40] Constraint >30m
Perpina et al., [41] Constraint >100m
Silva et al., [51] Constraint >70m
Criterion
Sliz-Szkliniarz and Vogt, [54] Constraint >10m
o Acceptable range between 10-3,200m from
Wu et al., [67] Criterion P 9 .
highways

Table E.5 Literature review on the criterion of the slope for biomass
plants site selection

Authors Slope Details
Perpina et al., [40] Constraint <15%
minimize
Slopes between 0% and 5%
Perpina et al., [41] Criterion Slopes between 5% and 10%

Slopes between 10% and 15 %
Slopes between 15% and 35 %

Silva et al., [51] Constraint <15%
Criterion
Wu et al., [67] Criterion <10%

Table E.6 Literature review on the criterion of the distance from the
electricity transmission lines for biomass plants site selection

Distance from the
Authors electricity Details
transmission lines
Perpina et al., [40] Constraint >100m
Perpina et al., [41] Constraint >100m
Silva et al., [51] Constraint >100m
Criterion
Sliz-Szkliniarz and Vogt, [54] Constraint <2km
Wu et al., [67] Criterion Acceptable range between 10-1,600m
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Table E.7 Literature review on the criterion of the biomass potential for
biomass plants site selection

Authors Biomass potential Details
maximize
1- Available biomass from 0 - 50 t/ha
Perpina et al., [41] Criterion 2- Available biomass from 50 - 100 t/ ha

3- Available biomass from 100 - 200 t/ha
4- Available biomass from 200 - 300 t/h a

Score from the worst to the best
0-0.3tha 6
0.3-1t/ha 5
Herrera-Seara et al., [25] Criterion 1-3tha 4
3-4tha 3
4 —-5t/ha 2
> 5 t/ha 1
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Annex F

In this Section, the questionnaire sent to the selected participants is
presented. It consists of three tables, one for each of the renewable energy
technologies studied, for the implementation of the criteria pair-wise
comparisons. In addition, instructions were also enclosed for the correct

completion of the tables.

F.1 Cover Letter

NMOAYTEXNEIO KPHTHZ
2XOAH MHXANIKQN MNEPIBAAAONTOZ
EPFAZTHPIO ANANEQZIMQN KAI BIQZIMQN

ENEPIEIAKQN ZYZTHMATQN

Ofpa: EpwtnuatoAdyio yia Tnv IEpApYXNoN KpItnpiwv xwpoBétnong povadwyv AlE
otnv MNE PeBdpvng

Xavid, MapTtiog 2018
A&16TIPE KUpIE/KUpIaQ,

To Tmapdv OCUVIOPO EPWTNHOTOAGYIO  TTPAYMOTOTIOIEITAI  OTO  TTAQioIO NG
METOTITUXIOKAG  OITTAWMATIKAG  €PYOCIiAG MOU  OTO  HETATITUXIOKO  TTPOYpauud
“MepiBahrovTiky  Mnxaviki” Tng  ZxoAlg Mnyxavikwv [NepiBdAAoviog  Tou
MoAutexveiou KpATNG. H petamTtuyiakn OIMTAWMATIKA epyacia, We ePBAETOVTA
KabnynTtn Tov K. @coxdpn ToouToo, £xel BEua Tn diepelvnon Tou duvapikou AlE Tng
ME PebupvNg Kkai Tnv €KTipnon Twv BIWOIHWY BEcEwv XwPoBETNONG QIOAIKWY,
NAIOKWV KAl EYKATAOTACEWY EKUETAAAEUONG Biopdlag otnv MNE PeBuuvng.

MNa k&be Texvohoyia AlE, a@ou TTpocdlopiocTnKav Ol TTEPIOXES ATTOKAEICHOU Kal Ol
eEAAXIOTEG QTTOOTACEIS OTTO OUYKEKPIMEVEG XPROEIG, TTou opifel n  vouoBeaia,
avadntoluvTal ol BILCIKEG TTEPIOXES XWPOBETNONG, ME TNV Ioaywyr] TTEPIBAAAOVTIKWY,
aIoONTIKWY KAl TEXVOOIKOVOMIKWY KPITNPIWV. ZTa TTAdicIa autd, dnuioupyribnke To
ETTICUVATITOPEVO  €PWTNHUATOAOYIO TTPOG CUMTTANPWON, atmd Oeiyua €10IKwyY  Kal
EUTTAEKOUEVWY OUAdWY TTOU OXETICovTal APECA PE TO TTPOG MEAETN QVTIKEIMEVO.
>JUYKeKPIYEVA, OTOUG TPEIG TTIVOKEG TOU EpWTNUATOAOYioOU TTapouciadovTal Ta KpITrpia
yla TNV 1IEpApXNON TwVv VOUOoBETIKG SIaBEoIpwy TTEpIoXWwY, KABE TexvoAoyiag AlME TTou
MEAETATAI KAl TTOPAKOAEITAI N CUPTTAAPWOT] TOUG, aKOAOUBWVTAG TIG 0dnyieg TTou
ETTICUVATITOVTAI.

H ocuppetoxn oag Ba pag fonbouoe 181aiTepa TNV OAOKANPWON TNG MEAETNG KAl OTNV
eCaywyn agIomOoTWY OTTOTEAEOUATWY VIa TIG PIWCIPES TTEPIOXEG XwpPOBETNONG,
AauBdvovTtag uttdyn Kal T OXETIKA ONUAVTIKOTNTA KABE KpITnpiou, oUUPWVA HE TIG
OTTOVTACEIC TWV EUTTAEKOUEVWVY OPadwy. MNa Tn diadikacia auTh, Ba XpelaoTeEiTE TO
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TOAU 10-15 Aemrtd, akoAouBwvTag Kal TIG odnyieg TTou emouvarmTovTal. TEAog, Ta
atroTeAéopaTa TNG £pEuvag, EpoOoov 0ag evdlagépouy, Ba gival otn dIdBeor] oag.

204G euxapioToUpe Bepud yia To XpOVo oag Kal Tnv TToAUTIUN BonBeid cag!
Me ekTiunon,

Mapiva lMNapgaAdkn,

MoAImkég Mnyavikég EMIM,

Metarmrruxiakn ®oitAtpia TG ZX0AAS Mnxavikwy MNepiBaAAovTog,
MoAuTtexveiou Kprtng

E-mail: mgiamalaki@isc.tuc.gr

F.2 Instructions

Odnyieg y1a Tn ZuptrAjpwon Twv Mivadkwyv

2710 TpiTO apxeio, TToUu emmouvaTTeTal, YE TiTAO «livakeg», Ba PBpeite Tpeig TTiVAKEG,
évav yia kKdBe texvoloyia AMNE T1Tou peAETATAI, OTOUG OTIOIOUG N TTPWTN OEIpd Kal
oA TrepIAauBdvel Ta KpitApla agloAdynong, Tou £dw TTapouaIAlovTal avaAuTIKd,
oTtoug lMivakeg 2-4.

MNa Tov TTPoadIopIoud TNG OXETIKAG ONUAVTIKOTNTAG KABE Kpitnpiou, {nTeital n KaTd
Ceuyn oUykpIon Toug, CUPQWVA HE TNV KAiMaKa TTpoTiunong, Tou Oiveralr oTov
Mivakag 1.

Mivakag 1 KAipaka XxeTikng MpoTipnong

‘Evraon Opiopég Eme€iynon
ZXETIKAG
ZNUAvVTIKOTNTAG
1 ‘lon TTpoTiunon ‘lon mpoTiynon peragu Twv duo
KpITnpiwv
2 MéTpia TTpoTiunon MéTpia TTpOTiuNON TOU TTPWTOU
KpITNPiOU £vavTl TOU dEUTEPOU
3 Ouoiwdng TTpoTiunon Ouc1WdNg TTPOTIUNCN TOU TTPWTOU
KpITnpiou €vavtl Tou deUTEPOU
4 loxupn TpoTiunon loxupn TTPOTIUNGN TOU TTPWTOU £vavTl
TOU OeUTEPOU KPITNpPiou
5 Akpaia TTpoTiunon H Kuplapxia Tou TTpWTOU KPITNPioU
EvavTl Tou OeUTEPOU TTAIPVEI TN MEYIOTN
OUVATH TIUN

‘Etol, TapakaAgital n oupttAfpwon Twv TeTpaywvwy MONO THX KITPINHZ
MEPIOXHZ TV TPIWV TTIVAKWY CUPQWVA UE TO TTAPAKATW TTAPAdEIYUA.
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NMAPAAEIrMA

ANOITAZIH ANO:
TKE kat ) AO)(EX!O‘;\O- Eykarta- )
ZEN tou Yoo yucoug . Ipappeg
. . . . OTACEL, |
Aiktlou oTpwpa- Xwpoug Kepadleg B unirg
NATURA T Ko & uvzc Tdong
2000 pvnueia Huvog

Ofaon ano
06ko Khion Viibpetpo mohU- Atohikd
Slktue | edddoug auyvaoTous | SuVapiKO
Xwpoug

TKEZ kat ZEN
Tou Atktiou
NATURA
2000

Yédartiva
o 1 O Q O O

Apxarohoyt-
KoUg
XWpoug kat
pvnpeia

1

“-—~MQo3O>

ZxApa 1 Amréotmracua atmré Tov lMivaka 1, yia TIS CUYKPICEIS TWV KPITNPIiWV
XWPOBETNONG TWV AIOAIKWY HOVASWYV

lNa mapadeiyua ocuuTTAnpPWVETal 0 TTPWTOC TTIVAKAC, TTOU a@opd Ta KpITHpIia yid Thv
XWPOBETNON aloAIKWVY povadwy Kai E0Tw OTI GUYKPIVETAI TO KPITHPIO TN aTTéoTachS
amré udaTiva oTPWEATA, UE TO KPITHPIO TN arréaTacns amé 1o odiké diktuo (atnv 3"
veauun g Kitpivng mepioxns kai arnv 8" ariAn, onueiiveral ue KOKKIVo KUKAO OTo
Tapamavw oxHua).

Eortw o1 Bswpeitar ioxupn mTpoTiuNon (UTTEPOXN KATA TV yVWun LMAg) TOU KPITnpiou
NG amréoracns arro ra udaTiva oTpwuara, Evavrl ToU KPITHPIOU THS arrooTacns amo
70 00IKO OikTUO, TOTE OUNTTANPWVETAl 01O avrioToixo keAi Tou llivaka o apiBuoc 4
(ouuewva kai pe tov [livaka 1). Avribera, av Bewpeital 1oxup mpOTIUNCN OTO
KQITNPIO TNG arréaTacns armd 10 00IKO OiKTuo (TTou BpiokeTal oTn OTNAN), TOTE GTO KEAI
auto ouutTAnpwverar o apiBuog 1/4.

2uvexidovrag i Kara {elyn OUYKPIOEIC, TTEPVAUE OTn OUYKPION TOU KPIThHpiou TNG
aréoTaong amod 1a UdATIVA OTPWHATA [E TO KPITHPIO THS KAiong eddgoug. EoTtw ot
Bewpeital akpaia TPoTiuNon Tou KpITnpiou tNS KAiong edagoucg, 10T CUUTTANPWVYETAI
OTO QvTioTOIXO KEAT (OnueIwveral e UTTAe KUKAo oTo rapammavw 2xnua) n niun 1/5.

2uvexidovrag, TEPVAUE OTN CUYKPION TOU KPITNPIOU THS armrooTaons amo 1a uddariva
OTPWATA UE TO KPITAPIO TOU uwouéTpou. Eotw 61 Bewpeitai ion mporiunon twyv 600
KpITNpiwv, oTTOTE OTO AVTIOTOIXO KEAI (TTPACIVOS KUKAOG) siodyeral n Tiun 1.

2uvexifovral €101 Ol OUYKPIOEIS, yia TO KPITHPIO THS ammoéoTacns amd 1a uddriva
oTpwuara, HJE TO KPITHPIO TG Béaonc amd moAuoUxvaoTou¢ xwpous. Eotw om
Bewpeital p€Tpia TEOTIUNGN TOU KpIThpiou TNS amoéoracns amd uddriva oTpwuara
(KpITNPIO YpauunNg), T0TE 0TO AVTioTOIXO KEAI (LW KUKAOS) onusiwveral n Tiun 2.

OAokAnpwvovrail ETG1 O GUYKPICEIS TNS OUYKEKPIUEVNS YPAUUNS, UE T GUYKPIoH TOU
KpIThpiou TNC QmooTaocns ammdé udaTiva OTPWMATA E TO KPITHPIO TOU aiOAIKoU
ouvauikou. Orav oAokAnpw6OoUV oI CUYKPIOEIC yIa Tr] OUYKEKPIUEVN YOAUUN, TTEQVALE
oTnV ETOUEVN. 2NUEIWVETAI OTI OEV ATTAITEITAI N CUUTTARPWGN OAou Tou TTivaka, mapd
HOVO TWV TETPAYWVWV TNS KITPIVNS TTEPIOXNC.

Me autd TOV TPOTTO, CUMTTANPWVOVTAl T TETPAYWVA TWV KITPIVWV TTEPIOXWYV TWV
TPIWV TTIVAKWY TTOU €TMIOUVATITOVTOIl. [eviKd, KaTd TIG KaTd {elyn OUyYKpIioEelg, av
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TTPOTIMATE TO KPITAPIO, TTOU BPICKETAI OTN YPAUMN TOU TTiVaKA, TOTE TO AVTIOTOIXO KEAI
oupTTANpWwvETal he To BaBud Tng TTpoTipnong, cuugwva pe Tov MNMivaka 1. AvtiBeTa,
Qv TIPOTIMATE TO KPITHPIO TToU PpPioKeTal GTn OTAAN, évavtl TOU KPITNPIOU TTOU
BpiokeTal aTn ypauun, TOTE TO AVTIOTOIXO KEAI GUPTTANPWVETAI PE TNV TIMA 1/a, éTTou
O QvTIOTOIXEI OTOV BABPO TTPOTIUNONG TOU KPITNPIOU auTou, cUPGwva e Tov Mivaka
1.

Av BéAeTe JTTOPEITE Va CuvexioeTe TNV avAyvwon Tou TTapovTog Kelhévou, OTTou
TTapouaciafovTal avaAuTIKG Ta KPITAPIA YIa TRV agloAdynon Twv dIaBETINWY TTEPIOXWV
XwpobETnong k&Be Texvohoyiag AME tTou peAeTATAl, OTTOU PTTOPEITE VA BEITE KAl TOV
TUTTO TOU KPITNPIOU KAl av 0 OTOXOG €ival N PeEyIoTOTToinon f N €AAXIOTOTToOINGH TOU
(Mivakeg 2-4).

220G euxapioToUupe Bepud yia TO XPOVO, TTOU QQIEPWOATE OTNV AVAYVWON Twv
odnylwv,

Mapiva MNapaAdkn,

MoAimikdg Mnxavikég EMI,

Metamrruxiakn @oittpia TnG X0AAG Mnxavikwv MNepiBaAAovTog,
MoAutexveiou Kpntng

Mivakag 2 Kpithpia lepapxnong Alabéoipwy MNMepioxwv XwpoBéTtnong AioAIkKwyv
Eykaraotdocwyv

Kpitipio Tomrog Kpitnpiou 216X0G
AtréoTaon atré TotToug
KoivoTikng Znuaaiag (TKZ)
Kal Zwveg E1dIkAg MepiBaAlovTikd MeyioToTroinon
Mpootaaoiag (ZEI) Tou
Aiktuou NATURA 2000
Anoomgg(ggr;;@anva MepiBaiiovTikd MeyioToTroinon
AtmréoTtaon ato
ApxaioAoyikoUug Xwpoug Kal AioBnTIKO MeyioToTToinon
Mvnpeia
Texvikbé/AopaAciag®

*mpooracia arro
NAEKTPOUQYVNTIKA KOuATd

AméoTaon atd Kepaieg MeyiocToTToinon

AtmréoTaon atro

Eykataotdoeig EBvikng Texvikd/Aogaheiag

N , . MeyioToTroinon
TPOCTACIA ETTIKOIVWVIWV

Auuvag
Aﬂochqu?] )\Gr’]onzthr:gap HES TeXVOOIKOVOUIKO EAayioToTroinon
AtmréoTtaon atd 1o OdIkO TEXVOOIKOVOLIKS EAGYIGTOTIONG
AiKTUO XVOOIKOVOWIK XIOTOTT0iNoN
KAion Eddgoug TEXVOOIKOVOUIKS EAaxioTotroinon
Ywouetpo Texvooikovouiko/MepiBarrovtikd  EAaxioTotroinon
AloBNTIKO™*
*W¢ ToAUCUXVACTOI XWPOI
©¢aon amod 0pIoTNKAV: AKTEC, KATAOKNVWUOEIC,

MoAucUxvaoToug Xwpoug

uapiveg, éevodoyxeiakd
KaraAuuara, oIKIGLO,
TapadoaiaKoi OIKIOUOI,

EAaxioToTroinon
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apxaloAoyiKoi xwpol, uvnueia

AIOAIKO Auvauiko TeXVOOIKOVOUIKO MeyicToTToinon

Mivakag 3 KpitApia lepdpxnong Alaféoipwy Mepioxwv Xwpobétnong HAlakwyv

EykaraoTdoswyv
Kpitipio Tumog Kpitnpiou 216x0¢
AtréoTtaon ato YodTiva MepiBaAAovTikO MeyioToTroinon
2TPWHPATA
AloONTIKO/TEXVIKO*®
AtméoTaon T ™MV HlaAuUp(’x ouvarai va HeIwael To MeyioToTroinon
OKTOYPAMMN XpPoOvo {wng Kai Tnv arrédoon Twv

nAIGKWYV TTAVEA

AyoVveg Kal MIKPAS
TTOPAYWYIKOTNTAG

KaAuwyeig yng MepiBaArovTikG/AIGONTIKO EKTAEIC, g WIKON
aienTIKA aia
npOGGYGTOAIGUOQ TeXVOOIKOVOUIKO NA-NA
KAioEwv
Anqomcr] arro TiS TeXVOOIKOVOUIKO EAaxioToTtroinon
Mpappég YynAng Tdong

AtréoTaon arto 1o

A TeXVOOIKOVOUIKO
0O0Ik6 AikTuo X H

EAaxioToTtroinon

KAion E&d&goug TeEXVOOIKOVOUIKO EAaxioTotroinon

Ywopuetpo TexvoolkovopikO/MepIBalAovTiké EAaxioTtotroinon
Ocaan amo AioBNTIKO
MoAucuxvaoToug EAayioTtotroinon

Xwpoug

HAlaké Auvapiké TEXVOOIKOVOUIKO MeylioToTroinon

Mivakag 4 Kpithpia lepdpxnong Alaféoipwy MNMeploxwv XwpoBéTnong
Movdadwv EkpeTdAAeuong Biopdlag/Bloagpiou

Kpitipio Tomog Kpitnpiou 216X0¢G
AtméoTtaon amd YodTiva MepiBaAAovTikO MeyioToTroinon
2TPWHATA
AtméoTtaon atmdé TKZ tou ) .
Aiktoou NATURA 2000 MepiBaAAovTikd MeyioToTroinon
AméoTtaon atmd
apxaioroyikoug AioBNTIKO MeyioToTroinoN

XWPOUG, hvnueia Kal
IEPEC JOVEG

AtréoTaon aTré TIg

g A X TexvOOIKOVOUIKO
[pappég YynAig Taong X H

EAaxioToTtroinon

AtréoTtaon arto 1o

0O0Ik6 AikTuo

TeXVOOIKOVOUIKO

EAayioTtotroinon

KAion E&&goug

TEXVOOIKOVOUIKO

EAaxioTotroinon

©¢aaon atod
MoAucuxvaoTtoug
Xwpoug

AioBNTIKO

EAaxioToTroinon

Auvapikéd
Bioudlag/Bloagpiou

TeXVOOIKOVOUIKO

MeyioToTroinon
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Mivakag 1 Kard Zelyn Zuykpioewv yia Ta KPITAPIA a§loAdynong Twv S1a0ECIHwY TTEPIOXWV
Xxwpobétnong MONAAQN EKMETAAAEYZHZ AIOAIKHZ ENEPTEIAX

Annexes

F.3 Pair-wise Comparisons Tables

Mivakeg Kard Zedyn Zuykpicewv

AMOZTAZH ANO:

TKX kai
ZET1 Tou
AiktOou
NATUR
A 2000

Ydarniva
OTPWHA-TA

Apxaiolo-
yIKoUg
XWPOUG Kal
Mvnueia

Kepaieg

EykaTta-
OTACEIG
€0VIKAG
duuvag

Tpapueg
uynAng
Tdong

OJIk6
OikTUO

KAion
eddgpoug

Yywoéuetpo

O¢aon amd
TTOAU-
oUXvaoToug
XWPOUG

AIOAIKO
SuvapIKo

-03» IMP»-AMOO>

TKZ kai
ZEI Tou
AikTO0U
NATURA
2000

Ydariva
oTpWUATA

ApxaioAoyi
-KoUg
XWPEOUG Kal
pvnueia

Kepaieg

EykataoTa
-0¢€Ig
€OVIKAG
duuvag

Fpauu,ég
uynAng
Tdong

O0Ik6
OikTUO

KAion
€ddpoug

Yyouetpo

©¢aon amd
TToOAUCUYVa
-0TOUG

XWwpoug

AIOAIKO
SuVauIkd

TKX: Totrol Koivotikng Znuaciag kai ZEM: Zwveg E1dikng MNpooTtaciag Tou Aiktuou NATURA 2000
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Mivakag 2 Kard {elyn ouyKpioewyv yia TNV agloAdynon Twv S100E0IMWY TTEPIOXWV

XwpoBétnong MONAAQN EKMETAAAEYZHZ HAIAKHZ ENEPTEIAZ

AMOXZTAZH AMNO:

AkTO-
ypaupn

Y&dariva
OTPWUA-
TQ

Ipaupég
uwnAig
Tdong

Odik6
OikTUO

Mpooava-
TONOUOG
KAioEwv

KaAuyeig
yng

KAion
€ddpoug

Yyobuetpo

©¢aon amod
TTOAU-
oUyvaoToug
XWPOUG

HAlako
OuUVaUIKO

"O03d» IMP»P-MQOIO>

AkTOYpa-
HN

YdaTmiva
oTPWUATA

Mpap p’ég
uynAng
Tdong

Odik6
OikTUO

Mpocava-
TOANIOOG
KAiogwv

KaAuyeig
yng

KAion
eddpoug

YyoueTpo

©¢aon atrd
TToAuCUXVa
-0TOUg

XWPOUg

HAlaké
duvapIKS
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Mivakag 3 Kard {elyn ouyKpioewyv yia TNV agloAdynon Twv S100ECIMWY TTEPIOXWV

XxwpoBétnong MONAAQN EKMETAAAEYZHZ BIOMAZAZ/BIOAEPIOY

AMOXZTAZH AMNO:

TKZ
TOU
AikTO0U
NATUR
A 2000

Yddariva
OTPWHA-
TQ

Apxaioho-
yIKoUg
XWwpoug,
Mvnueia Kai
IEPEC HOVEG

Fpaupég
uywnAng
Tdong

Odikd
OikTUO

KAion
eddpoug

©¢aon atrd
TTOAU-

oUyvaoToug
XWwpoug

Auvapiké
Biopalag

-03ad» IMP-AMOO>

TKZ tou

AIKTUOU

NATURA
2000

Y&dariva
oTpWHaTA

Apyxaiohoyl-
KoUg
Xwpoug,
Mvnueia kai
1EPEC HOVEG

Mpap p’ég
uywnAng
Tdong

Odi1k6
OikTUO

KAion
eddpoug

Oéaon amd
TToAuCcUXVa
-0TOUg
Xwpoug

Auvapuiko
Biopacag

20G EUXOPIOTOUUE BEpd yia TN ocuppeTOX oag!
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MAP ANNEX

In this Section, some of the Maps produced in this study, are presented. All cartographic data and Maps have a spatial

reference according to the Greek Geodetic Reference System 1987 (GGRS 1987). In addition, for a map scale approximately equal

to 1:150,000 and by taking a rather optimistic approach, the error was estimated as the one quarter of the 150m, namely 37.5m.

Moreover, for practical reasons, this value was rounded to 50m, which was also selected as the resolution of the raster maps,

produced in this study.

Contents:

1. The Regional Unit of Rethymno

Map R.1 Current Situation of the Regional Unit of Rethymno
Map R.2 Elevation Map of the Regional Unit of Rethymno
Map R.3 Slope Map of the Regional Unit of Rethymno

Map R.4 Aspects Map of the Regional Unit of Rethymno
Map R.5 Wind Potential of the Regional Unit of Rethymno

Map R.6 Solar Potential of the Regional Unit of Rethymno-
Global Horizontal Irradiance (GHI)

145

Map R.7 Solar Potential of the Regional Unit of Rethymno-
Direct Normal Irradiance (DNI)

Map R.8 Agricultural and Forest Pruning Wood Biomass
Potential of the Regional Unit of Rethymno

Map R.9 Biogas Potential from Large Biogas Sources of the
Regional Unit of Rethymno

2. Wind Energy Installations: Exclusion and

Evaluation Criteria

Map W.1 Exclusion Areas for Wind Energy Installations Siting



Map W.2 Minimum Allowable Distances from Areas of
Environmental Interest for Wind Energy Installations Siting

Map W.3 Minimum Allowable Distances from Areas of
Cultural Interest for Wind Energy Installations Siting

Map W.4 Minimum Allowable Distances from Urban Activities
for Wind Energy Installations Siting

Map W.5 Minimum Allowable Distances from the Technical
Infrastructure for Wind Energy Installations Siting

Map W.6 Minimum Allowable Distances from Production
Activities for Wind Energy Installations Siting

Map W.7 Legally Available Areas for
Installations Siting

wind Energy

Map W.8 Available Areas for Wind Energy Installations Siting-
Environmental Scenario

Map W.9 Evaluation Criterion for Wind Energy Installations
Siting: Distance from the NATURA 2000 Sites

Map W.10 Evaluation Criterion for Wind Energy Installations
Siting: Visibility from the Most-Visited Sites

3. Solar Energy Installations Siting: Exclusion
and Evaluation Criteria
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Map S.1 Exclusion Areas for Solar Energy Installations Siting

Map S.2 Legally Available Siting Areas for Solar Energy
Installations Siting

Map S.3 Exclusion Areas of the Socio-Environmental
Scenario for Solar Energy Installations Siting

Map S.4 Available Siting Areas of the Socio-Environmental
Scenario for Solar Energy Installations Siting

Map S.5 Evaluation Criterion for Solar Energy Installations
Siting: Aspects

Map S.6 Evaluation Criterion for Solar Energy Installations
Siting: Land Cover

4. Biomass/Biogas Plants Siting: Exclusion and
Evaluation Criteria

Map B.1 Exclusion Areas for Biomass/Biogas Plants Siting

Map B.2 Minimum Allowable Distances from Areas of
Environmental Interest for Biomass/Biogas Plants Siting

Map B.3 Minimum Allowable Distances from Urban Activities
for Biomass/Biogas Plants Siting



Map B.4 Minimum Allowable Distances from the Technical
Infrastructure for Biomass/Biogas Plants Siting

Map B.5 Minimum Allowable Distances from Production
Activities for Biomass/Biogas Plants Siting

Map B.6 Legally Available Areas for Biomass/Biogas Plants
Siting

Map B.7 Available Areas for Biomass/Biogas Plants Siting-
Environmental Scenario

Map B.8 Evaluation Criterion for Biomass/Biogas Plants
Siting: Distance from Areas of Cultural Interest

Map B.9 Evaluation Criterion for Biomass/Biogas Plants
Siting: Slopes

5. Wind Energy Installations Siting: Priority Maps

Map P.1 Priority Map for Wind Energy Installations Siting
Based on the Criteria Weights Derived from the AHP

Map P.2 Priority Map for Wind Energy Installations Siting
Based on the Equal-Weighted Scenario

Map P.3 Priority Map for Wind Energy Installations Siting
Based on the Techno-Economic Scenario
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Map P.4 Priority Map for Wind Energy Installations Siting
Based on the Socio-Environmental Scenario

Map P.5 Priority Map for Wind Energy Installations Siting
Based on the Safety Scenario

6. Solar Energy Installations Siting: Priority Maps

Map P.6 Priority Map for Large-Scale PV Farms Siting Based
on the Criteria Weights Derived from the AHP

Map P.7 Priority Map for Large-Scale PV Farms Siting Based
on the Equal-Weighted Scenario

Map P.8 Priority Map for Large-Scale PV Farms Siting Based
on the Techno-Economic Scenario

Map P.9 Priority Map for CSP Farms Siting Based on the
Criteria Weights Derived from the AHP

Map P.10 Priority Map for CSP Farms Siting Based on the
Equal-Weighted Scenario

Map P.11 Priority Map for CSP Farms Siting Based on the
Techno-Economic Scenario

Map P.12 Priority Map for Large-Scale PV and CSP Farms
Siting Based on the Socio-Environmental Scenario



7. Biomass Plants Siting: Priority Maps Map P.15 Priority Map for Biomass Plants Siting Based on the
Techno-Economic Scenario

Map P.13 Priority Map for Biomass Plants Siting Based on the

Criteria Weights Derived from the AHP Map P.16 Priority Map for Biomass Plants Siting Based on the

Socio-Environmental Scenario
Map P.14 Priority Map for Biomass Plants Siting Based on the

Equal-Weighted Scenario
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R.1 Current Situation of the Regional Unit of Rethymno
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R.2 Elevation Map of the Regional Unit of Rethymno
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R.3 Slope Map of the Regional Unit of Rethymno
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R.4 Aspects Map of the Regional Unit of Rethymno
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R.5 Wind Potential of the Regional Unit of Rethymno
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R.6 Solar Potential of the Regional Unit of Rethymno-
Global Horizontal Irradiance (GHI)
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R.7 Solar Potential of the Regional Unit of Rethymno-
Direct Normal Irradiance (DNI)
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R.8 Agricultural and Forest Prunning Wood Biomass Potential of the

Regional Unit of Rethymno
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R.9. Biogas Potential from Large Biogas Sources of the Regional Unit of Rethymno

Biogas Potential (m3/y)
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W.1 Exclusion Areas for Wind Energy Installations Siting
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W.2 Minimum Allowable Distances from Areas of Environmental

Interest for Wind Energy Installations Siting-Legislation
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W.3 Minimum Allowable Distances from Areas of Cultural Interest
for Wind Energy Installations Siting-Legislation
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W.4 Minimum Allowable Distances from Urban Activities for
Wind Energy Installations Siting-Legislation
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W.5 Minimum Allowable Distances from the Technical Infrastructure
for Wind Energy Installations Siting- Legislation
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W.6 Minimum Allowable Distances from Production Activities
for Wind Energy Installations Siting- Legislation
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W.7 Legally Available Areas for Wind Energy Installations Siting
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W.8 Available Areas for Wind Energy Installations Siting-
Environmental Scenario
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W.9 Evaluation Criterion for Wind Energy Installations Siting:
Distance from NATURA 2000 Sites
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W.10 Evaluation Criterion for Wind Energy Installations Siting:

Visibility from the Most Visited
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S.1 Exclusion Areas for Solar Energy Installations Siting
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S.2 Legally Available Siting Areas for Solar Energy Installations Siting
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S.3 Exclusion Areas of the Socio-Environmental Scenario for
Solar Energy Installations Siting
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S.4 Available Siting Areas of the Socio-Environmental Scenario for
Solar Energy Installations Siting
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S.5 Evaluation Criterion for Solar Energy Installations Siting:
Aspects
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S.6 Evaluation Criterion for Solar Energy Installations Siting:
Land Cover
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B.1 Exclusion Areas for Biomass/Biogas Plants Siting
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B.2 Minimum Allowable Distances from Areas of Environmental
Interest for Biomass/Bio
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B.3 Minimum Allowable Distances from Urban Activities for
Biomass/Biogas Plants Siting
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B.4 Minimum Allowable Distances from the Technical Infrastructure
for Biomass/Biogas Plants Siting

rn“..,§. R~ S -

r

anqyl%sN o
Jrotnld e, ©
« )

)
'0
.'
A
G Y
(7
5,
S = 2og
e, (o
=
Rethymng
> >
*D Te - » —'~ —a— =
'..“., ‘i* 1 Q) ?
."_N/}E“ O] (R le 7 "
= TR, ’r/‘ R
- X -~ "—-—-t"
s g ..
Lt "ﬂ
n gy W 0‘
o’
.1 g @
—————— =
.

0 ,M
B

/Agyos Basilios

e (7]
0 2 4 8 12 16 ’
B BN m Kilometers

e

LEGEND

Telecommunication Antennas

TECHNICAL UNIVERSITY OF CRETE (TUC)
Il SCHOOL OF ENVIRONMENTAL ENGINEERING

I
|

/

A

% RENEWABLE AND SUSTAINABLE ENERGY
SYSTEMS LABORATORY

National Road Network

— Provincial Road Network

Community Road Network A GIS-based Analytical Hierarchy Process Aproach
for the Sustainable Siting of Renewable Energy Installations:

-——== High Voltage Lines The Case Study of the Regional Unit of Rethymno

Buffer Distance of 200m from the Telecommunication Antennas
I} Municipalities Boundaries of the Regional Unit of Rethymno Marina Giamalaki, Chania, 2018




B.5 Minimum Allowable Distances from Production Activities for
Biomass/Biogas Plants Siting
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B.6 Legally Available Siting Areas for Biomass/Biogas Plants Siting
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B.7 Available Areas for Biomass/Biogas Plants Siting-
Environmental Scenario
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B.8 Evaluation Criterion for Biomass/Biogas Plants Siting:
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B.9 Evaluation Criterion for Biomass/Biogas Plants Siting:
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P.1 Priority Map for Wind Energy Installations Siting Based on the
Criteria Weights Derived from the AHP
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P.2 Priority Map for Wind Energy Installations Siting Based on the
Equal-Weighted Scenario
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P.3 Priority Map for Wind Energy Installations Siting Based on the
Techno-Economic Scenario
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P.4 Priority Map for Wind Energy Installations Siting Based on the
Socio-Environmental Scenario
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P.5 Priority Map for Wind Energy Installations Siting Based on the
Scenario
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P.6 Priority Map for Large-Scale PV Farms Siting Based on the
Criteria Weights Derived from the AHP
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P.7 Priority Map for Large-Scale PV Farms Siting Based on the
Equal-Weighted Scenario
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P.8 Priority Map for Large-Scale PV Farms Siting Based on the
Techno-Economic Scenario
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P.9 Priority Map for CSP Farms Siting Based on the
Criteria Weights Derived from the AHP
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P.10 Priority Map for CSP Farms Siting Based on the
Equal-Weighted Scenario
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P.11 Priority Map for CSP Farms Siting Based on the
Techno-Economic Scenario
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P.12 Priority Map for Large-Scale PV and CSP Farms Siting Based on the
Socio-Environmental Scenario
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P.13 Priority Map for Biomass Plants Siting Based on the
Criteria Weights Derived from the AHP
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P.14 Priority Map for Biomass Plants Siting Based on the
Equal-Weighted Scenario
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P.15 Priority Map for Biomass Plants Siting Based on the
Techno-Economic Scenario
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P.16 Priority Map for Biomass Plants Siting Based on the
Socio-Environmental Scenario
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	1 Introduction
	It is a common knowledge nowadays that, climate change is one of the biggest problems that the humanity has to address, in association with the ever-growing energy needs and the excessive natural resources consumption. Therefore, as the effects of the climate change become more pronounced, the need to increase the penetration of renewable energy sources in the energy mix is growing globally. The European Union (EU), in the light of the climate change, energy supply security and reduction of its dependence on imported fossil fuels has fostered the diffusion of renewable energy technologies, for a more sustainable energy production.
	The EU’s Renewable Energy Directive [89] has established an overall policy for the production and promotion of renewable energy in the EU. It requires the EU to fulfill at least 20% of its total energy needs with renewable energy by 2020. To achieve this, EU countries have committed to reaching their own national targets, taking into account their starting point and renewable energy potential, ranging from 10% for Malta to 49% for Sweden [90]. For Greece, the national targets concern a 4% reduction of greenhouse gases from the 2005 levels, as well as an 18% penetration of renewable energy in the gross final energy consumption by 2020 (expected amount of energy from renewable sources 4,341 ktoe) [38]. However, the Greek government, with the adoption of new environmental policies, with the Law 3851/2010 has increased its national target to 20%, concerning a 40% contribution of RES to electricity production, 20% for heating and cooling energy needs and 10% for transport [101].
	However, renewables will continue to play a key role for the EU to meet its energy needs beyond 2020, as EU countries have already agreed to a new renewable energy target for 2030 [91]. These new targets concern a 40% cut in greenhouse gas emissions compared to 1990 levels and at least a 27% share of renewable energy consumption in the EU as a whole by 2030 [15]. Therefore, the growing concern for environmental issues and more specifically for the environmental impacts of the conventional electricity generation systems, has opened up the dialogue for the renewable energy sources exploitation in a rational and sustainable way. 
	   The energy sector in Crete has unique characteristics, due to Crete’s island nature, sensitive ecosystems and distance from the mainland. Furthermore, Crete has an autonomous electricity production system, where the supply of conventional energy resources occurs only via sea transportation [74]. Finally, the increasing energy demands, especially in the tourist season, and the European and national targets for renewable energy promotion have led to an increasing interest for renewable energy investments.
	In addition, the region of Crete, due to its position and Mediterranean climate can effectively accommodate the installation of renewable energy systems. The strong Mediterranean winds encourage the siting of wind farms, the solar potential is ideal for installations exploiting the solar radiation and the developed agricultural sector, due to Crete’s mild climatic conditions, can launch the production of energy from biomass from agriculture residues. However, for the sustainable siting of renewable energy installations, together with the greatest possible exploitation of renewable energy resources, the social and environmental implications accruing must be taken into consideration, such as conflicts of land use, preservation of the natural environment and sensitive ecosystems and social reactions.
	The aforementioned points demonstrate the need for the development of a methodology for the sustainable siting of renewable energy installations at a regional level. Therefore, this study aims to develop a dynamic methodology for the complete prioritization of the available locations for siting solar and wind farms, as well as biomass and biogas plants, at a regional level, based on a wide selection of evaluation criteria. In addition, this methodology enables the sustainable siting areas identification, for each renewable energy technology studied, by employing Geographical Information Systems (GIS) and a Multi-Criteria Decision-Making (MCDM) technique. 
	With a GIS, all the required information for siting renewable energy systems can be incorporated, allowing the analysis of spatial data and the production of dynamic maps. The Analytical Hierarchy Process (AHP) is a widespread MCDM technique, which allows the combination of different evaluation criteria. In addition, AHP allows the participation of different stakeholders of energy-related fields, by the implementation of pair-wise comparisons of the evaluation criteria, for their relative importance determination. The aforementioned capabilities reinforce the developed RES sustainable siting methodology, for the minimization of the socio-environmental impacts and the maximization of the techno-economic potential.
	The adopted methodology was applied in the Regional Unit of Rethymno, while in the next Sections all the stages for the renewable energy potential and sustainable siting areas identification of the study area will be presented. More specifically:
	Section 2 presents an overview of the literature, with regard to finding the optimal locations for siting RES, presenting the different approaches and methodologies employed in the literature for the site selection problems of wind and solar energy installations, as well as biomass and biogas plants. 
	Section 3 describes the main steps of the adopted methodology, providing also an overview of the current situation of the study area. In addition, a detailed description of the exclusion criteria, derived mainly from the legislation is conducted, for the available siting areas identification for each renewable energy technology studied. In addition, for each RES, the evaluation criteria of the available siting areas, derived mainly from the literature review, are described. Finally, this Section provides also a description of the classification of each criterion to the five-classes priority scale selected.
	In Section 4, a detailed presentation of the Analytical Hierarchy Process is implemented, presenting also its application in this study. In addition, the methodology for the priority maps production and the sustainable siting areas identification, for each renewable energy technology studied is presented. Finally, in this Section, the results in terms of each municipality’s coverage, by the sustainable siting areas are provided, for each RES.
	Section 5 presents the results of the sensitivity analysis implemented, for each RES studied, by employing equal-weighted, techno-economic, socio-environmental and safety scenarios. In addition, a comparison of the results from the AHP and the adopted sensitivity analysis scenarios is conducted, for checking the sensitivity of the developed methodology’s results.
	Section 6 provides a summary of this study and of the conclusions that are accruing. In addition, in Section 7 further research that can be implemented is also discussed.
	Finally, in the Annexes, the literature review implemented can be found, providing an overview of the evaluation and exclusion criteria selected in the literature, as well as of the evaluation criteria classification and constraints adopted by different RES site selection studies. In addition, the questionnaire sent to the different participants, for the AHP implementation is presented. Finally, the Map Annex presents the main maps produced for the Regional Unit of Rethymno, for  the RES siting investigated. 
	2 State of the art on the Renewable Energy Systems siting problem
	The selection of suitable sites to host renewable energy installations is a quite complex problem, as it requires evaluating different criteria, e.g. renewable energy potential, the existence of infrastructure etc. In the literature, the problem of defining suitable locations for siting RES is a common one, where researchers usually employ Multi-Criteria Decision-Making techniques (MCDM) and Geographic Information System tools to optimally combine the different evaluation and exclusion criteria. However, studies vary widely with respect to the energy technologies considered, the methodologies applied and the spatial scale of the area taken into consideration. In this Section, an overview of different studies with regard to finding the optimal locations for siting RES is provided. 
	2.1 Siting of wind energy installations

	GIS-based MCDM approaches for wind power plant site selection are the most common in the literature, as wind installations are usually connected with several potential environmental impacts, such as electromagnetic interferences, noise, visual impact, bird impacts etc. [73]. Therefore, the first step for defining the optimal locations for siting wind farms is to exclude the areas, where these impacts may occur. After defining the appropriate constraints and buffer safety distances, the evaluation criteria of the available locations are chosen. In Annex A, the constraints and evaluation criteria, from the studies found in the literature are presented.
	Tsoutsos et al. [60] developed a methodology for the comprehensive evaluation and prioritization of available areas for siting wind farms and applied it in the island of Crete, by employing the Specific Framework for Spatial Planning and Sustainable Development for Renewable Energy (SFSPSD-RES), Geographic Information Systems and multicriteria analysis. Based on the SFSPSD-RES [85] the legally available areas for wind farms siting were determined and they were evaluated based on selected criteria, such as distances from national parks, airports, main roads etc. The criteria were classified into five scales of priority and were synthesized by summing the values of the area at all the criteria. The total priority of each area was further analyzed taking into account the criterion of wind potential and the carrying capacity of the sustainable siting areas was determined. Voivontas et al. [64] also studied the renewable energy potential in Crete, using a GIS decision support system and evaluated the economic potential of wind energy projects.
	 In another study about the island of Crete, Kokologos et al., [30] developed a methodology for the assessment of the visual impacts of wind parks and applied it in a wind park in the Regional Unit of Chania. The developed methodology allowed for the evaluation and reduction of the visual impacts, by combining quantitative indicators for the visual impacts quantification and 3D simulation of the study area. In addition, a multi-criteria methodology was also employed for the sustainable energy planning of the island of Crete, by Tsoutsos et al., [61], with the implementation of the MCDM PROMETHEE model. The authors employed a set of energy planning alternatives, based on different technology solutions for the sustainable energy supply of Crete and evaluated them against economic, technical, social and environmental criteria, identified by the stakeholders involved in the island’s energy planning. 
	Atici et al. [4] dealt with the site selection problem for wind power plants in Western Turkey, with a two-stage methodology, employing a GIS tool. In the first stage, they eliminated infeasible sites based on selected elimination criteria and constraints and then they used ELECTRE methods to rank the available areas, based on identified evaluation criteria. The ELECTRE-TRI methodology was also employed by Sanchez-Lozano et al. [47], in order to rank the optimal sites for onshore wind farms on the coast of the Region of Murcia, in Spain. 
	The most commonly used MCDM technique in the literature for renewable energy site assessment is the Analytical Hierarchy Process (AHP). In general, AHP is in the broader category of pair-wise comparison MCDM techniques, where the attributes’ relative importance is assessed by ranking them against each other [59]. Bennui et al. [8] applied a GIS-based AHP model to select the optimal sites for wind farms in five provinces in Thailand. A similar model was applied by Tegou et al. [59], where a set of constraints were applied and then different criteria were defined for wind farms site selection in Lesvos, Greece. Finally, Szurek et al. [57] also employed an AHP approach for the definition of the evaluation criteria weights for wind farms siting in Lower Silesia, Poland. They used a five scale suitability classification of each criterion and then they employed a weighted linear combination (WLC) based on the occurring weights from the AHP process. However, these studies do not give sufficient explanation about who assigns the criteria weights. Therefore, it is not clear, if they accrue based on the authors’ expertise or if a group of experts is assigned to conduct the necessary pair-wise comparisons. 
	Baban and Parry [6] also applied the same model, where constraint layers were created and scores were assigned to the selected criteria, after consulting local council bodies and wind companies in UK. Therefore, an equal-weighted aggregation, as well as a pair-wise comparison of the selected criteria was applied. However, the weights are not directly assigned to the criteria, but instead four groups of factors are pair-wise compared, in order to derive the relative importance of each factor. Latinopoulos and Kechagia [31] applied an AHP approach for the suitability assessment of future, as well as already licensed wind farms in the Regional Unit of Kozani, Greece. The evaluation criteria were represented as fuzzy sets, where the membership functions were used to estimate the satisfaction degree of each factor, for each grid cell of the study area. In addition, the authors developed three different scenarios to assess the suitability of each potential siting area (a scenario of equal-importance factors, a scenario focusing on the environmental and social suitability and a scenario focusing on the technical and economic feasibility) and the importance of the criteria was defined based on the authors expertise.  
	A comprehensive GIS-based AHP approach was applied by Watson and Hudson [66] for the suitability assessment of wind and solar farms developments in southern England. The authors constructed a set of constraint layers and consulted seven experts to evaluate the relative importance of the selected evaluation criteria. A similar approach was also applied by Hofer et al. [26] for wind farms siting at Aachen, Germany. The authors present a comprehensive literature review for the identification of the most important aspects, influencing the suitability of the siting areas for wind energy installations and assigned value scores to each criterion in order to allow a spatial rating of the potential locations. In addition, 22 local wind power experts, from different wind- related power groups, such as business, science, administration, environmental and local public initiatives were asked to perform pair-wise comparisons of the selected criteria, in order to determine their relative importance. Finally, the authors emphasize that the experts were selected in such a way that their different opinions reflect the complexity of the RES siting problem and that finding the areas that are most acceptable by most stakeholders is of greatest importance.     
	Gorsevski et al. [20] and Hansen [24] used weighted linear combination (WLC) techniques and GIS functionality for wind farm site selection in Northwest Ohio, USA and Northern Jutland, Denmark respectively. In these studies, the selected criteria were represented using fuzzy membership equations and a direct assignment of the criteria weights was performed. Gorsevski et al. [20] asked 30 university students to assign weights to the selected criteria, without performing pair-wise comparisons and Hansen [24] directly assigned the criteria weights, based on his common sense. In addition, Janke [29] studied the wind and solar potential of Colorado, USA and the suitable locations for wind and solar energy projects, by incorporating a GIS-based methodology with direct assignment of the criteria weights, based on his expertise. Finally, Noorollahi et al. [39] dealt with the wind farms siting problem in Markazi province, Iran, by employing restrictive and classifying analytical methods. They divided the study area into suitable and unsuitable based on exclusion criteria using the Boolean logic and classified the suitable locations based on three classifying criteria (wind speed, distance from electric power lines, highways and roads) with different weight influence, using the Weighted Index Overlay method.      
	Van Haaren and Fthenakis [22] presented a method for site selection for wind turbine farms in New York State, based on a spatial cost-revenue optimization. The authors, after excluding infeasible sites for wind turbine farms, they evaluated the feasible locations based on the expected net present value from four cost and revenue categories (revenue from electricity production, costs from access to roads, power lines and land clearings) and the potential impacts on bird habitats. A similar approach was also adopted by Schallenberg-Rodriguez and Notario-del Pino [50] for wind potential evaluation in the Canary Islands, taking into account territorial and techno-economic constraints and performing a cost analysis based on the net present value.
	Rodman and Meentemeyer [43] developed a rule-based GIS model to predict suitable locations for large and small-scale wind energy projects in the Greater San Francisco Area, USA. They created three models: a physical, an environmental and a human impact model, where each model consists of different layers (e.g. wind speed layer in the physical suitability model) and each layer is subdivided into multiple classes, where each class gets values scores according to its suitability. Moreover, the weights of the different layers where directly assigned, with no explanation about who assigns them and the three models where combined to produce the total suitability of the potential siting locations. Aydin et al. [5] identified the environmental objectives associated with energy generation from wind turbines in Western Turkey, which are quantified with certain criteria. They used fuzzy membership equations for six environmental objectives (e.g. acceptable in terms of natural reserves), generated using associated criteria (e.g. distances from ecologically sensitive areas, water bodies and areas of ecologic value). The generated membership equations are used to compute individual satisfaction degree for each potential location and objective. Finally, aggregation operators were used, such as ‘and’ and ‘or’, as well as ‘ordered weighted averaging (OWA)’ to indicate satisfaction of all, any or most environmental objectives respectively.       
	Sliz-Szkliniarz and Vogt [53] evaluated the wind energy potential in a region of Poland. They determined the available locations for wind installations siting based on the spatial and ecological policy. In addition, they performed horizontal and vertical interpolation of measured wind speed datasets from weather stations to derive the continuous surface of wind speed to rotor blade heights. They defined the vertical profiles of wind changes and performed geo-statistical methods, such as Ordinary Kriging, Ordinary Cokriging, Inverse Distance Weighting (IDW) and Polynomial Interpolation Methods (PIM) in a GIS environment, using the corresponding geo-statistical tools.     
	2.2 Siting of solar energy installations

	In this Section, an overview of the literature review for the solar installations siting problem is presented. Photovoltaic Installations (PV) are usually connected with small environmental impacts, as they harness a natural renewable energy source, the sun, allowing the direct conversion of solar radiation to electricity and they do not cause atmospheric emissions [73]. However, large-scale PV systems may cause some environmental impacts, due to the large area required for their operation, causing visual impacts, the potential occupation of arable land and disturbance of the local ecosystem (flora and fauna) [73]. In addition, concentrated solar power (CSP) systems generate solar power by using mirrors or lenses that transform solar energy into heat, which is then converted to electricity by means of steam turbines [68]. CSP systems are usually selected for their higher efficiency, but they require large areas for their operation, special cooling systems (large water quantities), causing visual impacts, noise, impacts to the water bodies and disturbance of the local ecosystem [73]. Therefore, the problem of finding suitable locations for these installations is crucial and quite common in the literature, where GIS-based approaches and multicriteria methods are usually employed by the researchers. Finally, in Annex B, the most common evaluation criteria and restrictions from the literature review are presented.
	Aly et al. [2] used MCDM methodology for the identification and prioritization of the suitable locations for siting PV and CSP installations in Tanzania. They incorporated a GIS tool for the exclusion of unsuitable locations and the production of suitability maps. For the definition of the relative importance of the selected criteria, the authors employed the AHP methodology, but due to lack of regional experts, they performed an extensive literature review for the implementation of the necessary pair-wise comparisons. Finally, suitability maps were produced using the weighted linear model and performing sensitivity analysis. A similar approach was also employed by Asakereh et al. [3] for identifying suitable PV sites in the study area of Khuzestan province, Iran, but instead of assigning value scores to the classes of each selected criterion, they used fuzzy membership equations to represent the selected criteria. Finally, an AHP approach was also used by Al Garni and Awasthi [10] for PV power plant site selection in Saudi Arabia, where the pair-wise comparisons were based on the authors’ expertise and the literature, while the suitability index of each potential location accrued by the employment of the weighted overlay tool in ArcGIS.
	As it was mentioned before, AHP methodology is quite common in the literature for defining the relative importance of the selected criteria for the selection of suitable sites of solar installations. Carrion et al. [11] and Uyan [62] implemented a GIS-assisted two-staged AHP methodology for a region in Andalusia, Spain and the Karapinar region, Turkey respectively. Georgiou and Skarlatos [21] used satellite images and image classification techniques for the production of land use, built-up areas and surface waters classes and employed AHP process for acquiring the PV siting criteria weights in Limassol, Cyprus. Sadeghi and Karimi [46] and Merrouni et al. [35] also approached with AHP methodology the solar farms site selection problem, in Iran and Marocco respectively. Finally, Yushchenko et al. [68] evaluated the geographical and technical potential for solar electricity generation, from PV and CSP plants, in rural areas of West Africa, producing two different scenarios for the implementation of the criteria pair-wise comparisons (the first concerning the solar irradiance as the main criterion and the second concerning the minimization of potential investment costs). However, in these studies, the pair-wise comparisons are conducted by the authors and different scenarios are examined through a sensitivity analysis, not directly taking into account the stakeholders inputs. 
	Besides AHP methodology, in the literature, other MCDM techniques can be found for approaching the PV and CSP site selection problem. Sanchez-Lozano et al. [49] used the ELECTRE-TRI method for the solar farms site selection in the region of Murcia, Spain. They applied a set of restrictions for defining the feasible siting areas and then they evaluated 20 alternative sites, based on 10 selected criteria. In addition, they consulted an expert in solar photovoltaic facilities, who provided based on his expertise the lower and upper reference profiles of the criteria, as well as the indifference, preference and veto thresholds. Tavana et al. [58] introduced a fuzzy multi-criteria methodology for solar farm site selection, where GIS and MATLAB’s fuzzy logic toolbox were employed. The authors consulted several experts for the definition of the evaluation criteria and the crisp input data of each criterion were converted into a membership degree of participation into linguistic subsets (low, medium, high). In addition, 37 if-then rules incorporating the criteria weights accruing from an AHP process were considered, producing that way the final priority maps of two Iranian regions for PV installation. Finally, Mondino et al. [36] produced a synthetic index representing ground-mounted PV plants carrying capability in North Italy, incorporating quantitative and qualitative criteria (restricted areas), with assigned weights produced by means of an Artificial Neutral Network (ANN) analysis.  
	Sindhu et al. [52] and Sanchez-Lozano et al. [48] applied a hybrid AHP-TOPSIS methodology for the evaluation of solar farms siting locations in India and Cartagena, Spain respectively. AHP process was used for the criteria weights definition and TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) methodology was applied for the assessment of the alternatives based on the concept that the chosen alternative should have the shortest distance from the Positive Ideal Solution (PIS) and the farthest from the Negative Ideal Solution (NIS). In addition, the Boolean overlay was applied by Hott et al. [28] and Merrouni et al. [34] with no assignment of criteria weights in the case studies of Wyoming, USA and Eastern Morocco respectively. Moreover, Charabi and Gastli [12] performed a fuzzy multi-criteria analysis in GIS-environment for PV site suitability analysis in Oman, using OWA and AHP methodology, where all objectives were selected to be met simultaneously. Finally, Sun et al. [56] performed a technical and economical potential analysis of solar PV generation in Fujian Province, China, based on the geographical potential analysis, which identified the suitable land areas for constructing PV plants, taking into account geographical constraints.  
	2.3 Estimation of the solar resource

	As it can be seen from the Tables in Annex B, the solar potential is a critical criterion for the suitability assessment of an area for PV or CSP installation. In many studies, a value of 1,800kWh/m2 for the average yearly solar irradiance on the ground level is taken as a lower limit for characterizing an area of having a good solar potential for siting solar installations ([35], [2], [68]). 
	As the solar radiation goes through the atmosphere it suffers different processes of absorption, dispersion or scattering that result in lower levels of radiation being received at the Earth’s surface. The main source of attenuation is the cloud cover, but other atmosphere components, such as O3 or CO2, liquid and solid particles in suspension (aerosols, water vapor) can affect differently the wavelengths of solar radiation, causing the spectral distribution of the solar radiation at ground level to be different from the extraterrestrial one. The solar radiation received at ground level, known as global horizontal irradiance (GHI) is the sum of three components: the direct normal irradiance (DNI), the diffuse horizontal irradiation (DHI) and the ground-reflected irradiation. DNI is the fraction of the solar radiation that reaches the ground level, without being attenuated by the atmosphere and the DHI is the solar radiation that reaches the ground after being reflected or scattered by the atmosphere. Finally, the third component, which is not always taken into consideration, is the reflected radiation from the ground surface or nearby obstacles [92].    
	Many authors stress that PV technology works in the presence of both DNI and DHI solar irradiation, unlike CSP technology which works only by using the DNI ([10], [28], [68]). In the context of the solar potential estimation, in the literature, there are different methodologies employed, as presented in Table 2.1. Some authors employ geostatistical methods, such as Kriging interpolation, for the solar potential estimation from surface meteorological stations’ measurements ([3], [34]), while others incorporate the AREA SOLAR RADIATION extension of the ArcGIS Spatial Analyst toolbox. In general, this ArcGIS tool results in the calculation of the insolation (Wh/m2) across an entire landscape introduced as a DEM file in the tool. The routine can be run for a maximum time interval of 1 year, but options are also available for a month or a day intervals, while both the GHI and DNI raster files can be produced. However, the tool requires the determination of some solar radiation parameters, such as the diffusing part of the GHI (diffuse proportion), as well as the fraction of the radiation that passes through the atmosphere, in relation to the extraterrestrial radiation (transmissivity) [94]. In this study, the Area Solar Radiation tool was used for the calculation of the GHI and DNI for the Regional Unit of Rethymno, while the solar parameters determination is described in detail in Section 3.
	Table 2.1 Overview of the methods for the assessment of the solar potential from the literature review
	2.4 Biomass potential

	The achievement of the European Union’s challenging goal of 27% final energy consumption from renewable sources by 2030 [91] requires the consideration of the potential contributions that every type of renewable energy source can make. Biomass constitutes a key renewable energy source and calls for its energy-generating potential to be estimated. Therefore, the estimation of the energy-generating potential from forest and agricultural biomass, as well as from animal manure, municipal wastes and other biogas sources has piqued the interest of the scientific community. 
	Biomass is a clean, environmentally friendly and inexhaustible energy source, which is considered not to contribute to the increase of the greenhouse gases, as the CO2 quantities produced during the biomass combustion are considered to be employed during its production by the photosynthetic process. However, energy production from biomass is usually connected with some environmental impacts, as emissions and particularly smell and noise emissions cannot be avoided [13]. In addition, the wood biomass and biogas feedstock transportation is considered the source of major environmental impacts, in terms of visual, audio impacts and atmospheric emissions [73]. Therefore, apart from the energy potential estimation of biomass resources based on statistical data and land uses maps (e.g. Corine databases), the suitable locations for biomass power plants and the biomass logistics and transport optimization are also a common study area in the literature.
	The main sources of wood biomass residues in Crete originate from olive trees, fruit trees and vineyards [63]. Voivontas et al. [65] assessed the available biomass potential from agricultural wastes in Crete, taking into account statistical data, alternative uses of the agricultural residues and the efficiency of the residues collection process. In addition, they evaluated the technological and economical biomass potential, taking into account the characteristics of the energy production technologies and the alternative energy sources. Finally, the authors conclude that the island of Crete has a significant biomass potential that can be economically and competitively harvested.
	Lourinho and Brito [33] assessed the biomass energy potential from agroforestry residues in a region of Portugal, using land cover maps and estimating the area capable of generating biomass residues. However, for the quantification of the area effectively occupied by each biomass species, the effective area of each land cover polygon was defined from the product of the total polygon area by the vegetation cover percentage and the occupation rate of each species. Moreover, they considered a set o restrictions for the collection of the resource by excluding areas with a slope greater than 20% and areas not easily accessible (distance 3km from the road network). Finally, the annual quantities of agroforestry biomass and the corresponding energy potential were defined taking into account the residue productivity of each species, the fraction of residues that can be effectively used for energy purposes and the efficiency of the resource to energy conversion technology. Similar restrictions, concerning the slope and access of an area, were adopted by Lopez-Rodriguez et al. [32] for the spatial assessment of the bioenergy potential from forest residues in Caceres province, Spain. Fernandes and Costa [16] also assessed the biomass potential from agricultural and forestry residues in a region of Portugal and illustrated the biomass potential for energy utilization, analyzing the heating system of a hotel located in the region. 
	Land cover maps were also employed by Gomez et al. [19], in order to assess the energy contents of agricultural and forestry residues in Spain and their associated electricity generation potential. They applied a set of physical, geographical (exclusion of protected areas, where forest management is not permitted) and technical restrictions (exclusion of areas with a slope greater than 20%) and performed an economic analysis considering three transformation technologies. Beccali et al. [7] used CORINE land cover maps in order to assess the technical and economic potential of biomass exploitation in Sicily, Italy. In addition, the adopted methodology incorporated agricultural, economic, climatic and infrastructural data for the definition of collection points of the agricultural residues and the assessment of the biodiesel production potential, supposing the cultivation of rapeseed in arable crop areas. 
	However, with the employment of land cover maps, the pruning wood productivity coefficients have to be determined, for each species, for scaling up the biomass quantities when multiplied by the area of a specific crop. Table 2.2 presents different values for these coefficients for agricultural crops, found in the literature, from different biomass potential assessment studies in different Mediterranean areas.  
	Table 2.2 Pruning wood productivity coefficients from the literature review for agricultural crops
	Haase et al. [23] used both digital map and statistical data (e.g. arable areas, crop yields etc.), in order to assess the amount and spatial distribution of cereal straw, root crop and oil plant residues for five European regions, considering the residues to product ratios (RPRs) and environmental sustainability issues, such as soil erodibility, protected areas and organic carbon content in topsoil. Hohn et al. [27] studied the spatial distribution of the biomass feedstock for biomethane production, as well as the optimal locations, sizes and number of biogas plants in southern Finland. In addition, the authors employed a GIS based methodology for the biomass transport optimization, using the Network Analyst tool in ArcGIS and considering the existing road network and the spatial distribution of the biomass feedstock. Brahma et al. [9] investigated the electricity power generation potential of a biomethanation plant in Assam, India and also used the Network Analyst tool for the optimal biomass collection and transportation network design.
	2.5 Siting of biomass plants

	In this study, apart from estimating the biomass potential in the Regional Unit of Rethymno, the suitable sites for biomass/biogas plants are also investigated, according to the methodology presenting in detail in Section 3. In the literature, the problem of finding the suitable locations for siting biomass plants is usually approached with a GIS-based methodology, similar to the siting problem of solar and wind installations. 
	Perpina et al. [41] applied a GIS-based methodology for the assessment of suitable sites for biomass plants in Valencia, Spain. The relative importance of the selected criteria was defined after conducting pair-wise comparisons in two levels: in the first level weights were assigned to three groups of factors (environmental, economic and social) and in the second levels weights were assigned to subcategories of the aforementioned factors (e.g. visual impact, accessibility by road etc.). Finally, the best alternatives were obtained after applying WLC and IPM (Ideal Point Method) approaches and conducting a sensitivity analysis of the set of factors and their associated weights. Perpina et al. [40] also developed and applied a GIS-based methodology focused on logistics and transport strategies of the available biomass potential to the potential bioenergy plants, considering technical, economic, environmental and social constraints. The proposed methodology was applied to the Valencian Community and consists of two stages: identification and quantification of the spatial distribution of the biomass potential in the study area and evaluation of the times, routes and transport costs of the biomass for its transport from the original location to the biomass plant, performing a network analysis.
	Franco et al. [17] used a fuzzy approach for the identification of the most suitable sites for biogas plants in a Danish municipality, using GIS and an AHP approach for the weights assignment. Rodriguez et al. [44] also employed a GIS-based fuzzy AHP approach for defining the suitable sites for bioenergy plants, using cocoa residues in a region of Columbia. Silva et al. [51] applied the ELECTRE-TRI method for the determination of suitable sites for biogas plants using dairy manure as feedstock in a region of Portugal by setting a set of constraints and factors and exploiting the capabilities of GIS. Sliz-Szkliniarz and Vogt [54] developed a GIS model to determine the optimal sites for installing anaerobic digesters in a region of Poland, exploiting animal manure and crop silage as feedstock and performed a cost-benefit analysis for the assessment of the investments’ viability. Finally, GIS-based AHP approaches were employed by Wu et al. [67] and Herrera-Seara et al. [25] for the criteria weights assignment, after defining the hierarchical structure of the problem and conducting pair-wise comparisons of the associated criteria, for biomass-based biofuel plants and biomass plants site selection, in Virginia, USA and Grenada, Spain respectively.
	3 Methodology
	This study aims to develop a useful methodology for clarifying and prioritizing at a regional level, the most suitable locations for siting solar and wind farms, as well as biomass and biogas plants. By employing geographical information systems and multicriteria analysis process, all the required information for siting renewable energy systems can be incorporated, for the minimization of the impacts on the natural and human environment and the maximization of the economic and technical potential. 
	The adopted methodology incorporates the same steps for the prioritization of the available locations, for each renewable energy technology studied. The first step constitutes of analyzing the current situation of the area investigated, locating all the required data that can affect the siting of renewable energy installations, such as: settlements, areas of environmental interest, areas and elements of cultural heritage, the main road network, the electricity transmission networks, the hydrographic network, land cover etc.
	The next step constitutes of identifying the exclusion zones, where the siting of each of the renewable energy technologies studied is not permitted, based on the Specific Framework for the Spatial Planning and Sustainable Development for the Renewable Energy Sources [85] and related legislation. After the identification of the exclusion zones and minimum allowable distances from neighboring uses or activities (settlements, archaeological sites, monuments, areas of environmental interest etc.) according to the national legislation plan, the legally available areas for siting renewable energy installations are derived. Moreover, a stricter socio-environmental scenario is also evaluated, taking into account the specific environmental characteristics of Crete. 
	Furthermore, the legally available areas and the available areas of the socio-environmental scenario for each renewable energy technology are evaluated through a multicriteria analysis process, based on criteria derived from the national legislation or the literature, such as wind, solar, biomass potential, slope, elevation, distances from main roads, the electricity transmission and hydrographic network, the areas of environmental interest and the visibility from most visited areas etc. Especially for minimum distances not specifically determined in the national legislation, a comprehensive literature review is performed, for the construction of the criteria scale, as it is shown in Table 3.1.
	Table 3.1 Criteria Suitability Scale
	The final step consists of presenting the sustainable locations, accruing from the multicriteria analysis process, concerning the available siting areas of the socio-environmental scenario, with a high percentage of priority (greater than 60%), for each renewable energy technology studied. In addition, the maximum capacity and power of each technology, in each municipality is calculated, in order to guarantee the sustainable development of the region. The relative importance of the criteria considered, for each of the renewable technologies studied, is evaluated through pair-wise comparison performed by involved groups (e.g. environmental groups, policy makers, academic community etc.) and the implementation of an Analytical Hierarchy Process (AHP). Finally, a sensitivity analysis is performed, considering alternative scenarios for the criteria weights, for checking the sensitivity of the methodology’s results. 
	The steps described above are presented in Figure 3.1 and were applied for the identification of the sustainable RES siting areas in the Regional Unit of Rethymno, as presented in Figure 3.2. The analysis is performed by the employment of a Geographic Information System (GIS), as it is the most suitable tool for solving spatial problems. GIS has the ability to combine the advantages of data bases and a realistic visualization of the registered spatial information can be performed. In this study, ESRI’s ArcGIS 10.3 was used, which offers multiple geoprocessing tools and is enriched with the extensions of the Spatial, 3D, Geostatistical and Network analyst for data management, conversion and spatial modeling [76]. In addition, ArcGIS is compatible with vector and raster data and offers the ability to geocode data in terms of images and access databases. Finally, it uses the Python programming language and the users can create their own scripts for additional capabilities and functions.    
	/
	Figure 3.1 Steps of the adopted methodology
	In the following Sections, the detailed methodology for each RES technology studied is presented, describing the exclusion and evaluation criteria, the alternative scenarios employed, as well as the sustainable siting areas accruing. 
	Figure 3.2 Description of the methodology implementation for the case study of the Regional Unit of Rethymno
	3.1 The case study of the Regional Unit of Rethymno

	The Regional Unit of Rethymno is one of the four Regional Units of Crete, including five municipalities. As part of the 2011 Kallikratis government reform, the Rethymno Regional Unit was created out of the former prefecture, with the same territory and reorganization of the older municipalities to the five municipalities [110] presenting in Table 3.2 and Map 3.1. Rethymno Regional Unit has a mountainous terrain, especially in its eastern part, where the Psyloritis Mountain is located and flat lands can be found to the northern and southern coastal areas. Maps R.2 to R.4 (Map Annex) present the terrain of the Regional Unit of Rethymno and specifically the elevations, slopes and aspects of the study area. In addition, the climate is mild Mediterranean, with mild winters and hot summers, while in the mountainous areas, it can be slightly continental. Finally, in Maps R.5 to R.9 (Map Annex), the wind, solar, biomass and biogas potential of the study area can be found.
	/
	Map 3.1 Municipalities administrative boundaries of the Regional Unit of Rethymno, according to Kapodistrias and Kallikratis government reform
	 As it was mentioned before, the adopted methodology, for each of the RES technologies investigated, starts with the analysis of the Regional Unit’s current situation. Map R.1 presents all the data that can affect the siting of RES installations, while the data sources are presented in Table 3.3. In addition, the locations of national parks, radars, airports and aesthetic forests can also affect the siting of RES installations, but there are no such areas in the Regional Unit of Rethymno. 
	Table 3.2 Information about the Regional Unit of Rethymno
	2Population
	3Electric power consumption (GWh/y)
	7,427
	37.6
	5,915
	29.9
	2,379
	12
	14,363
	72.7
	55,525
	281.1
	1 According to Kallikratis government reform [110]
	2 Population census of 2011 [98]
	3 Annual Electric power consumption per capita for 2014 in Greece, 5063 kWh/capita [97]
	Table 3.3 Data and sources
	3.2  Wind energy installations site selection evaluation and exclusion criteria
	3.2.1 Exclusion criteria for wind energy installations site selection


	1) World heritage areas, archaeological monuments and historical places of high importance, as well as in archaeological sites of zone A
	2) Areas of absolute protection of nature, according to Specific Management Plans and Specific Environmental Studies
	3) Wetlands RAMSAR
	4) Centre of national forests, nature monuments, aesthetic forests
	5) Sites of Community Importance (SCIs) of NATURA 2000 network
	6) Inside urban plans and settlement boundaries
	7) Areas of integrated touristic development and organized productive activities of the tertiary sector, thematic parks and touristic ports
	8) Bathing Beaches, included in the monitoring program of water quality
	9) Mining zones and activities
	10) Other areas or zones currently falling under a special land-use regime, according to which the siting of wind installations is not permitted as long as they are in force
	 the former Lampis Municipality [81]
	 the former Lappaion Municipality [82], [83]
	 the Rethymno Municipality  [84]
	 the area of Georgioupolis-Episkopi [80]
	Table 3.4 Minimum allowable distances from wind energy installations, according to SFSPSD-RES [85]
	1 According to Law 3851/2010 (Article 9), in parcels that the competent authority has identified as rural land of high productivity, it is forbidden to exercise any other activity except the agricultural exploitation and the electricity generation from RES. Provided that Law 3851/2010 is subsequent to the official government gazette 2464/2008 (SFSPSD-RES), this minimum allowable distance is not taken into consideration.
	2 According to a specialized bird study, presented from Tsoutsos et al., [74], from the important places of bird priority species, it is recommended a minimum distance of 3,000m to be kept, as birds are recorded to taking avoiding actions between 100-3,000m from turbines in daylight, whereas at night the distances are likely to be closer [14]  
	With the identification of the aforementioned exclusion zones and buffer distances, the legally available areas for siting wind energy installations are emerging (Map W.7). In addition, a second environmental scenario is also examined, where to the exclusion zones are added:
	 The Sites of Community Importance (SCIs) of the NATURA 2000 network, which according to Law 3851/2010 [86] are available for siting RES installations. However, due to the environmental interest and sensitive ecosystems of these sites, they are excluded in this scenario
	 The rocky islets surrounding Crete, which administratively belong to the Regional Unit of Rethymno, as these islets are usually habitats of sensitive flora and fauna species  
	Finally, with the identification of the additional exclusion zones, the available areas, emerging by the application of the environmental scenario are presented in Map W.8.
	3.2.2 Evaluation criteria for wind energy installations site selection

	 The legally available siting areas and the available siting areas of the environmental scenario are evaluated based on selected criteria presenting in Table 3.5. In addition, the available sites are ranked based on the five-class priority scale, presented in Table 3.1. The distance criteria are produced by the EUCLIDEAN DISTANCE tool and the score assignment is performed by employing the RECLASSIFY tool, in ArcGIS 10.3. An example of a map, accruing from this procedure is presented in the Map Annex, concerning the distance from the NATURA 2000 sites (Map W.9). Finally, the classification of each criterion is based on the literature review presenting in Annex C.   
	Table 3.5 Evaluation criteria of the available areas for wind energy installations siting
	1) Criterion: Distance from NATURA 2000 sites
	This criterion is purely environmental and includes the distance from Sites of Community Importance (SCI) and Special Protection Areas (SPA) of the NATURA 2000 network. SFSPSD-RES [85] states that wind energy installations are permitted to be sited in SPAs, after conducting a specialized bird study. In this study, a buffer distance of 3,000m was applied from important areas of bird priority species, following a specialized bird study, presented by Tsoutsos et al., [74]. However, the total area of NATURA’s 2000 SPAs of bird species cannot be excluded and therefore they are included along with the SCIs in this environmental criterion. 
	Table 3.6 Distance from the NATURA 2000 sites criterion classification for wind energy installations siting 
	Table 3.1 presents the priority scale of this criterion, consulting the relative scales and buffer distances presented in Annex C, concerning the distances from areas of environmental interest. The prevailing distance in the literature is 1,000m from areas of environmental interest. However, Hofer et al., [26], as well as Sliz-Szkliniarz and Vogt, [53] consider a distance of 500m from areas without sensitive bird species and NATURA sites respectively. Considering an average value of 800m as a threshold for the particularly suitable zone, the criterion classification presented in Table 3.6 is constructed, similar to the relative scale presented by Tsoutsos et al, [74] for wind energy installations site selection in Crete. Finally, it is noted that the aesthetic forest of Vai and the national forest of Samaria are located in a distance a lot longer than 800m from the boundaries of the Regional Unit of Rethymno, so they are not influencing the analysis. Map W.9 presents an evaluation of the available siting areas of the environmental scenario employed, based on this criterion’s priority scale. 
	2) Criterion: Distance from water bodies
	This criterion is also environmental, as the natural characteristics of the small rivers and lakes encountered in the study area have to be preserved. Bennui et al., [8], Tsoutsos et al., [74] and Sliz-Szkliniarz and Vogt, [53] consider a distance of 200m as the upper boundary of the unsuitable zone. Table 3.7 present the criterion classification for this study, similar to the classification of the criterion of the distance from areas of environmental interest. 
	Table 3.7 Distance from water bodies criterion classification for wind energy installations siting
	3) Criterion: Distance from areas of cultural interest
	SFSPSD-RES [85] sets a distance of 500m from archaeological sites and monuments, but it does not define an optimum distance from these sites. In this study, a 500m range on every priority class was defined, producing the criterion classification, presenting in Table 3.8. In Annex C, the scales and buffer distances from areas of cultural interest from the literature can be found. The suitable class of this criterion begins from 2,000m, similar to the buffer distance applied by Voivontas et al., [64]. 
	Table 3.8 Distance from areas of cultural interest criterion classification for wind energy installations siting
	4) Criterion: Distance from antennas
	Wind turbines may cause interferences to a wide spectrum of electromagnetic signals of the contemporary electromagnetic systems. SFSPSD-RES [85] states that the minimum distance from antennas is defined per case by the competent authority. In this study, the criterion classification presenting in Table 3.9 was based on the literature review conducted. Szurek et al., [57], and Tsoutsos et al., [74] set the upper boundary of the unsuitable zone to 200m, while Hansen, [24] defines a distance longer than 1,500m for an area to be highly suitable for wind turbines installation. Finally, it is noted that in the Regional Unit of Rethymno, radars have not been installed and the radars installed in the other Regional Units are in a distance longer than 1,800m.  
	Table 3.9 Distance from antennas criterion classification for wind energy installations siting
	5) Criterion: Distance from national defense installations
	This criterion is also associated with the electromagnetic interferences, which may cause problems to signal transmission and communications in airports and national defense installations. In the Regional Unit of Rethymno, an airport has not been established, but there are national defense installations, which have to be protected. In the literature, a distance shorter than 3,000m from airports is considered unsuitable for wind turbines siting [8], [31], [53], [74]. The criterion classification in this study is presented in Table 3.10, taking into account the scale of Bennui et al., [8] and Tsoutsos et al., [74].
	Table 3.10 Distance from national defense installations criterion classification for wind energy installations siting
	6) Criterion: Distance from the high voltage lines
	SFSPSD-RES [85] defines a minimum distance of 127.5m from high voltage lines and states that the maximum distances from the electricity transmission lines are defined by the competent authority. This criterion is an important techno-economic criterion, as the shorter the distance from the transmission lines, the less interference to the physical environment will be needed to connect the wind energy installations to the electricity network. 
	Baban and Parry, [6] set a maximum distance of 10,000m, Hofer et al., [26] consider less suitable the areas in a distance of 9,000m, Noorollahi et al., [39] in a distance of 10,000m and Sanchez-Lozano et al., [47] in a distance of 5,000m from the wind turbines. In this study, the areas that are further than 8,000m from the wind energy installations are considered unsuitable and the criterion classification is presented in Table 3.11.
	Table 3.11 Distance from high voltage lines criterion classification for wind energy installations siting
	7) Criterion: Distance from the road network
	This criterion is similar to the distance from the electricity transmission lines, as the closer, the wind turbines are sited to the road network, the less the interference for road construction. SFSPSD-RES [85] defines a minimum distance of 127.5m for safety reasons and a maximum of 10,000m from the road network for wind turbines siting in islands. Based on these minimum and maximum distances, the priority scale presenting in Table 3.12 is produced. In Annex C, the relative minimum and maximum distances from the literature review can be found. 
	Table 3.12 Distance from the road network criterion classification for wind energy installations siting
	8) Criterion: Slope
	SFSPSD-RES [85] does not define a maximum slope for siting wind energy installations. However, in the literature, this criterion is quite common, as it can be seen from Table A.2. Steep slopes require extensive earthworks for slope smoothing, which can be an additional burden to the natural environment. In this study, a value of 30% was defined as the lower limit of the unsuitable class, as Hofer et al. [26] defined in their study. In addition, the upper limit of the particularly suitable class was set to 15%, which is one of the prevailing values in the literature (Annex C). The detailed criterion classification is presented in Table 3.13.
	Table 3.13 Slope criterion classification for wind energy installations siting
	9) Criterion: Elevation
	This criterion is of both environmental and techno-economic significance, as in high altitude, rare flora and fauna species are encountered and the road and electricity transmission network is sparse. In addition, as the altitude is increasing, the air density is decreasing, which can, in turn, abate the energy efficiency of the wind turbines. However, wind speed is known to increase with altitude, which can offset the decreased air density problem [50]. In this study, the criterion classification was based on the literature review and is presented in Table 3.14.  
	Table 3.14 Elevation criterion classification for wind energy installations siting
	10) Criterion: Visibility from most-visited sites
	The siting of wind turbines sometimes causes social reactions, due to visual impacts, they may cause to settlements, archaeological sites and areas of tourist activities. Therefore, the visibility criterion was defined, which takes into account the visibility from: settlements, traditional settlements, archaeological sites, monuments, beaches, ports, marinas, camps and tourist accommodations. The visibility analysis was conducted in ArcGIS 10.3, by employing the VIEWSHED analysis tool of the Spatial Analyst toolbox. After, defining the visible and invisible areas for each of the aforementioned sites, the criterion classification was produced, as described in Table 3.15, taking into account the classification produced by Tsoutsos et al., [75]. Finally, a visual representation of this criterion classification can be found in Map W.10 (Map Annex).
	Table 3.15 Visibility criterion classification for wind energy installations siting
	11) Criterion: Wind potential
	Wind speed is an important factor for wind energy installations siting, as it defines the efficiency and the selection of the appropriate nominal power of wind turbines. In this study, the upper limit of the unsuitable zone was set to 4m/s, as the constraint applied by Tegou et al.,[59] and the upper limit of the suitable zone was defined as 8m/s, which according to Tsoutsos et al.,[74] is the threshold for an area to be characterized as having a good wind potential. The classes of the wind potential criterion expressed as wind speed are presented in Table 3.16.
	Table 3.16 Wind potential criterion classification for wind energy installations siting
	3.3 Solar energy installations site selection evaluation and exclusion criteria

	In the previous Section, the exclusion and evaluation criteria for wind farms siting were presented. Similarly, in this Section, the exclusion zones and evaluation criteria of the available siting areas for PV and CSP installations are presented. The adopted methodology is the same one presented in Figure 3.2 and the evaluation areas are derived from applying the exclusion zones from the legislation and the exclusion zones of a stricter environmental scenario. Finally, the weights assigned from the AHP, as well as the sustainable siting areas accruing are presented in detail in Section 4.  
	3.3.1 Exclusion criteria for solar energy installations site selection

	After analyzing the current situation of the Regional Unit of Rethymno, the exclusion criteria are presented in this Section, following the relative legislation. SFSPSD-RES [85] states that solar energy installations are not permitted to be installed in:
	1) World heritage areas, archaeological monuments and historical places of high importance, as well as in archaeological sites of zone A
	2) Areas of absolute protection of nature, according to Specific Management Plans and Specific Environmental Studies
	3) Centre of national forests, nature monuments, aesthetic forests
	4) Sites of Community Importance (SCIs) of NATURA 2000 network
	5) Forests and high productivity agricultural areas
	6) Other areas or zones currently falling under a special land-use regime, according to which siting of wind installations is not permitted as long as they are in force
	As it was mentioned in Section 3.2.1, RES installations siting is permitted inside SCIs, as a means for the climate change mitigation, according to the subsequent Law 3851/2010 [86] and therefore point 4 is annulled. In addition, only the area 3 of the Urban Control Zone of Georgioupolis-Episkopi is taken into consideration concerning point 6, as the other spatial, urban and regulatory land-use plans, presented in Section 3.2.1 do not mention RES technologies, and therefore they are not in agreement with the SFSPSD-RES [85]. Moreover, Law 3851/2010 [86] states in Article 9, paragraph 6 that, in parcels that the competent authority has identified as rural land of high productivity, it is forbidden to exercise any other activity except the agricultural exploitation and the electricity generation from RES. Specifically for PV installations, this article states that it is permitted to be installed in parcels characterized as high productivity agricultural land. Finally, based on Law 3851/2010 [86] point 5, from the aforementioned exclusion zones is annulled. 
	After the clarification of the aforementioned points (Map S.1), considering which of them are still in force, Map S.2 (Map Annex) is constructed from the legally exclusion zones, where rivers, lakes and the road network are also excluded due to the physical constraints they evoke. However, a second socio-environmental scenario is also considered where to the exclusion areas are added (Map S.3):
	 The Sites of Community Importance of the NATURA 2000 network
	 The forests (the corresponding CORINE 2012 codes were considered, as the forest authority has not yet issued the forest maps of the Regional Unit of Rethymno)  
	 The aesthetically and scientifically highly valued geotopes (the corresponding data are point features and therefore an additional 500m distance was considered for their exclusion)
	 The rocky islets surrounding Crete, which administratively belong to the Regional Unit of Rethymno, as these islets are usually habitats of sensitive flora and fauna species  
	 The settlements and traditional settlements are also excluded, as the studied large-scale installations require a large surface area to be occupied and therefore the visual impacts can be significant, in addition to the noise impacts they cause
	With the definition of the additional exclusion zones, Map S.4 (Map Annex) is produced, presenting the available areas for siting PV and CSP installations in the Rethymno Regional Unit of the socio-environmental scenario.  
	3.3.2 Evaluation criteria for solar energy installations site selection

	The available siting areas of the two adopted scenarios are evaluated based on the criteria presenting in Table 3.17. In this Section, a detailed description of the selected criteria is conducted, constructing the classification of each criterion, based on the suitability scale displayed in Table 3.1. In addition, in Annex D, the literature review concerning the selected criteria and the adopted suitability scale of each study can be found.
	Table 3.17 Evaluation criteria of the available areas for solar energy installations siting 
	1) Criterion: Distance from the road network
	This criterion can significantly influence the construction and maintenance costs of solar energy installations. A buffer distance of 100m is frequently found in the literature for aesthetic and safety reasons ([3], [35], [62], [46]). In addition, for the maximum distance from the road network, Carrion et al., [11] set a 3,000m distance, whereas Uyan, [62] and Yushchenko et al., [68] set a distance of 5,000m. In this study, the criterion classification is presented in Table 3.18, taking into account the related suitability scale of Tsoutsos et al., [75] for large-scale solar energy installations siting in Crete. 
	Table 3.18 Distance from the road network criterion classification for solar energy installations siting
	2) Criterion: Distance from the high voltage lines
	For large scale solar energy installations siting, as the ones investigating in this study, the proximity to the electricity transmission lines is an important criterion for the installation’s connection and reduction of the associated costs. Due to lack of spatial data for the medium voltage lines of the Regional Unit of Rethymno, this criterion was limited to the evaluation of the distance from the high voltage lines, whose spatial representation was available. 
	From the literature review presenting in Annex D, the most frequent upper bound adopted for the highly suitable class is of 1km distance from the electricity transmission lines ([35], [11], [68]), while for the unsuitable class is a 10km distance ([35], [11], [62]). Based on the literature review, the priority scale of this criterion was constructed, as presented in Table 3.19.
	Table 3.19 Distance from the high voltage lines criterion classification for solar energy installations siting
	3) Criterion: Slope
	The Regional Unit of Rethymno, as it can be seen from Map R.4, presents a rough terrain with steep slopes, which incommodes the siting of large-scale solar energy installations. Therefore, extensive earthworks may be required for slope smoothing, as steep slopes make more difficult the right siting (with the optimum angle) of the PV panels. Carrion et al., [11] set the upper bound of the unsuitable slopes to 30%, Hott et al., [28] consider a constraint of 27%, Mondino et al., [36] of 15% and Sun et al., [56] of 7%. For this study, the priority scale is presented in Table 3.20, where the unsuitable class begins from 28%.
	Table 3.20 Slope criterion classification for solar energy installations siting
	4) Criterion: Elevation
	This criterion, as it was mentioned in Section 3.2.2, is both environmental and techno-economic. The reason for its selection is the same as for the study of wind energy installations siting. In high altitudes, rare flora and fauna species can be found and the road and electricity transmission network is sparse. Therefore, the criterion classification was considered the same as in the study for wind energy installations siting, presented in Table 3.14.
	5) Criterion: Aspects
	As for the slope criterion, the criterion of aspects is quite important for the efficiency of solar energy installations. Map R.5 presents the facing directions of the slopes in the Regional Unit of Rethymno, where the intense slope variation leads to a great fluctuation of these directions. From the literature review accrues that the most suitable aspect is the south-facing [10], so that the PV panels can receive the greatest amount of solar energy during the daytime. In addition, most studies consider suitable, the aspects between 112.5ο and 247.5ο, namely the southeastern to southwestern aspects ([28], [66], [21]). Based on the aforementioned points, this criterion’s priority scale was constructed, as it is shown in Table 3.21 and Map S.5 (Map Annex).
	Table 3.21 Aspects criterion classification for solar energy installations siting
	6) Criterion: Land cover
	The land cover criterion is quite common in the literature because of the large areas that solar energy installations require for their siting. Most reviewed studies consider the agricultural areas as unsuitable for the preservation of the agricultural production. In addition, it is usually suggested solar energy installations to be sited in low vegetated areas, as forest areas have to be preserved and the dense vegetation can reduce the efficiency of the installed systems [3]. SFSPSD-RES [85] suggests as priority areas for siting solar energy installations the barren and low productivity areas. Moreover, Tsoutsos et al., [75] suggest as suitable siting areas some urban land uses (inactive quarries, military areas, hospitals, industrial areas), with low aesthetic value and high energy needs. Based on these points, Table 3.22 is constructed, presenting the adopted criterion classification (Map S.6). 
	Table 3.22 Land cover criterion classification for solar energy installations siting
	7) Criterion: Visibility from most-visited sites
	The criterion concerning the distance from residential areas is quite common in the literature, as it can be seen from Table B.1. However, this criterion can be ambiguous for siting PV installations, as, from a technical point of view, siting near residential areas can reduce energy losses and connection costs. On the other hand, SFSPSD-RES [85] states that solar energy installations should preferably be invisible from most-visited areas. Therefore, it is suggested to investigate the visual impacts in residential areas and sites of cultural interest, for which buffer distances were not taken into consideration. Instead, a viewshed analysis was conducted, as in the study for wind energy installations siting, studying the visibility from settlements, traditional settlements, archaeological sites, monuments, beaches, ports, marinas, camps and tourist accommodations. The criterion classification is the same as for the wind energy installations siting and was presented in Table 3.15.
	8) Criterion: Distance from the coastline
	The reasoning behind selecting this evaluation criterion has multiple aspects, as technical, environmental and aesthetic reasons require its selection. According to Law 2971/2001 [87], the main purpose of the seashore, including a 50m distance from the coast, is the free access to them. In addition, siting solar energy installations in proximity to the shoreline can cause visual impacts to tourist activities and saltiness can reduce the efficiency and life span of solar energy systems. Finally, reasons for preservation of the marine ecosystems from pollution incidents are also taken into account. Georgiou and Skarlatos, [21] set a buffer distance of 200m from the coastline and Tsoutsos et al., [75] define as particularly suitable, the areas located more than 200m far from the seashore. For this study, the criterion classification is presented in Table 3.23.
	Table 3.23 Distance from the coastline criterion classification for solar energy installations siting
	9) Criterion: Distance from water bodies
	Proportionally to the previous criterion, water bodies have to be protected, as they constitute sensitive ecosystems, where some materials of the PV systems can contaminate the aquifer, in case of abandonment [3]. However, Merrouni et al., [35] consider the need of proximity to water bodies, for cleaning purposes of the PV panels, especially in barren dusty areas, such as Saudi Arabia and cooling purposes of the CSP systems [2]. In this study, this criterion was set to be maximized, as the thermal contamination of the water bodies, in cases where water is used for cooling purposes of the CSP systems is also a serious environmental impact. The priority scale of this criterion is presented in Table 3.24 and the classification concerns both the CSPs and PVs siting.      
	Table 3.24 Distance from water bodies criterion classification for solar energy installations siting
	10) Criterion: Solar potential
	The solar potential criterion is a very important one, as it can individually exclude areas, where the solar potential is not adequate for siting solar energy installations. From the literature review, a value of 1,800 kWh/m2 for the yearly average solar irradiance at ground level is considered ideal for solar energy installations siting [35], [2], [68]. However, as it was mentioned in Section 2.3, PV technology works in the presence of both DNI and DHI solar irradiation, unlike CSP technology which works only by using the DNI. Therefore, two different maps were constructed, concerning the yearly average Global Horizontal and Direct Normal Irradiance for the Regional Unit of Rethymno, as it shown in Maps R.6 and R.7 (Map Annex). For the construction of the aforementioned maps with 50x50m cell size, the AREA SOLAR RADIATION tool of the Spatial Analyst extension in ArcGIS 10.3 was employed 
	For the required parameters determination, described in Section 2.3, data from the interactive maps of JRC’s Photovoltaic Geographical Information System (PVGIS) utility [93] were used. By employing the PVGIS utility, it is possible to estimate different parameters of the solar irradiance, for different latitudes and longitudes. Therefore, the coordinates of the point features presenting in Map 3.2 were given and the diffuse proportion of the solar irradiance was determined. An average value of 0.30 was then introduced to ArcGIS’s AREA SOLAR RADIATION tool for the ratio of diffuse to global radiation parameter definition. In addition, NASA’s Surface Meteorology and Solar Energy utility [95] was also employed, for the transmissivity parameter determination. Therefore, the aforementioned point features coordinates were introduced to NASA’s utility and an average value for the Insolation Clearness Index was determined. As this utility mentions, this index represents the fraction of insolation at the top of the atmosphere which reaches the surface of the earth [96].
	After the construction of the solar potential maps of the Regional Unit of Rethymno, the criterion’s priority scale was produced, as shown in Table 3.25. The suitable areas were defined as the ones with GHI and DNI greater than 1,400 kWh/m2, as Tsoutsos et al., [75] defined in their study for large- scale solar energy installations siting in Crete. 
	/
	Map 3.2 Feature points for the solar irradiance parameters determination
	Table 3.25 Solar potential criterion classification for solar energy installations siting
	3.4 Biomass/ Biogas plants site selection evaluation and exclusion criteria

	Finally, in this Section, a detailed presentation of the exclusion and evaluation criteria, for biomass and biogas plants site selection is conducted. The exclusion criteria are derived from the legislation, examining also a stricter environmental scenario, while the evaluation criteria are derived from the literature review presenting in Annex E. 
	3.4.1 Exclusion criteria for biomass/biogas plants site selection

	As it is shown in Figure 3.1, exclusion criteria have to be adopted, in order to exclude infeasible siting areas of biomass/biogas plants, according to the related legislation. Therefore, according to SFSPSD-RES [85], biomass/biogas plants are not permitted to be installed inside:
	1) World heritage areas, archaeological monuments and historical places of high importance, as well as in archaeological sites of zone A
	2) Areas of absolute protection of nature, according to Specific Management Plans and Specific Environmental Studies
	3) Wetlands RAMSAR
	4) Centre of national forests, nature monuments, aesthetic forests
	5) Sites of Community Importance (SCIs) of NATURA 2000 network
	6) Inside urban plans and settlement boundaries
	7) Areas of integrated touristic development and organized productive activities of the tertiary sector, thematic parks and touristic ports
	8) Bathing Beaches, included in the monitoring program of water quality
	9) Mining zones and activities
	10)  Other areas or zones currently falling under a special land-use regime, according to which siting of wind installations is not permitted as long as they are in force
	However, points 5 and 10 are modified by the subsequent Law 3851/2010 [86], as described in Section 3.2.1. In addition, SFSPSD-RES [85] also defines minimum allowable distances from neighboring land uses, for siting biomass/biogas plants, as shown in Table 3.26.
	 Table 3.26 Minimum allowable distances from biomass/biogas plants according to SFSPSD-RES [85]
	1 According to the Presidential Decree of 24-5-1985 [88], a minimum distance of 500m has to be kept from settlements with a population less than 2,000 residents, 700m from settlements with a population between 2,000-10,000 residents and 1,000m from settlements with a population greater than 10,000 residents. These minimum distances were taken into consideration, while a 1,500m distance was kept from traditional settlements, in accordance with the wind energy installations siting [77]. Finally, for the distance from monasteries, a minimum distance has not been set, as this distance was taken into consideration in the evaluation criteria stage.  
	2 For the antennas, a minimum distance of 200m was set, in accordance with the study of Silva et al., [51]. In addition, the distance from the road network and high voltage lines was examined in the criteria evaluation stage.
	3 For the individual tourist accommodations, a minimum distance of 500m is taken into consideration, proportionally with the tourist ports and camps.
	After the exclusion of the aforementioned zones (Map B.1) and the application of the minimum allowable distances (Map B.2 to B.5), described in Table 3.26, the available areas for biomass/biogas plants are presented in Map B.6 (Map Annex). In addition, a second environmental scenario is also taken into consideration (Map B.7), where to the exclusion zones, are also added:
	 The Sites of Community Importance of the NATURA 2000 network
	 The aesthetically and scientifically highly valued geotopes (the corresponding data are point features and therefore an additional 500m distance was considered for their exclusion)
	 The rocky islets surrounding Crete, which administratively belong to the Regional Unit of Rethymno
	 The coastline, with an additional 50m buffer zone, to guarantee the free access to the shores, based on the Law 2971/2001 [87]
	3.4.2 Evaluation criteria for biomass/biogas plants site selection

	In accordance with the wind and solar energy installations, evaluation criteria are selected for the assessment of the available siting areas of biomass/biogas plants. The selected evaluation criteria are presented in Table 3.27, where the criteria types and goals can also be found. Finally, in this section, a detailed presentation of the selected criteria classification into the five-class priority scale, presented in Table 3.1, is conducted.
	Table 3.27 Evaluation criteria of the available siting areas of biomass/biogas plants
	Criterion
	Criterion Type
	Goal
	Distance from water bodies
	Environmental
	Maximization
	Distance from SCIs of the NATURA 2000 network
	Environmental
	Maximization
	Distance from archaeological sites, monuments and monasteries
	Aesthetic
	Maximization
	Distance from the electricity transmission lines
	Techno-economic
	Minimization
	Distance from the road network
	Techno-economic
	Minimization
	Slope
	Techno-economic
	Minimization
	Visibility from most visited areas
	Aesthetic
	Minimization
	Biomass/Biogas potential
	Techno-economic
	Maximization
	1) Criterion: Distance from SCIs of the NATURA 2000 network
	As it was mentioned before, according to Law 3851/2010 [86], it is permitted to site renewable energy installations inside NATURA 2000 sites, as a means for the climate change mitigation. However, the siting inside these sites is not always considered acceptable, due to conservation reasons of these sensitive ecosystems. Perpina et al., [40], [41] set a buffer distance of 500m from environmentally protected areas for siting biomass plants, while Wu et al., [67] Herrera-Seara et al., [25] and Sliz-Szkliniarz and Vogt, [54] exclude these sites from the available siting areas. In this study, the criterion classification was chosen to be the same as for the wind energy installations siting, presented in Table 3.6. 
	2) Criterion: Distance from water bodies
	Table E.2 (Annex E) presents the literature review on the criterion of the distance from water bodies, concerning the adopted buffer distances employed in the literature from them. In this study, the criterion’s classes are the same as for the wind energy installations siting, presented in Section 3.2.2 (Table 3.7).
	3) Criterion: Distance from archaeological sites, monuments and monasteries
	SFSPSD-RES [85] does not set the minimum allowable distances from archaeological sites and monuments, which are defined within the frame of the environmental terms and conditions approval, after the Ministry’s of Culture assessment. Therefore, this criterion is adopted, considering, in addition, the distance from monasteries, which is also not exactly defined by SFSPSD-RES [85]. Table 3.28 and Map B.8 (Map Annex) present the classification of this criterion, concerning the distances from these sites of cultural interest.
	Table 3.28 Distance from archaeological sites, monuments and monasteries criterion classification for biomass/biogas plants siting
	4) Criterion: Distance from the road network
	The distance from the road network is a critical factor for biomass plants siting, as these plants have to be easily accessible by road for their supply of the biomass feedstock. As it was mentioned in Section 2.4, biomass logistics and transport optimization are a common study area in the literature. In this study, the threshold for the unsuitable area was set to 3,200m, in accordance with the upper bound of the acceptable range adopted from Wu et al., [67]. In addition, a safety distance of 70m was adopted, as the buffer distance set by Silva et al., [51] and the criterion classes were constructed, as presented in Table 3.29.
	Table 3.29 Distance from the road network criterion classification for biomass/biogas plants siting
	5) Criterion: Slope
	Table E.5 (Annex E) presents the constraints and criteria classes adopted in the literature, concerning the slope criterion. Perpina et al., [40] and Silva et al., [51] set a constraint of a 15% for acceptable slopes for siting biomass plants. For this study, the criterion classes are presented in Table 3.13 and Map B.9 (Map Annex), taking into account the aforementioned constraint and the criterion classes for wind energy installations siting.  
	6) Criterion: Distance from the high voltage lines
	As it was mentioned in Section 3.3.2, due to lack of spatial representation of the medium voltage lines in the Regional Unit of Rethymno, this criterion was limited to evaluating the distance only from the high voltage lines. Perpina et al., [40], [41] and Silva et al., [51] set a safety distance of 100m from the electricity transmission lines, while Sliz-Szkliniarz and Vogt, [54] consider distances less than 2,000m as suitable. Taking into account these constrains, Table 3.30 was formed, presenting the priority scale of this criterion for biomass/biogas plants siting. 
	Table 3.30 Distance from the high voltage lines criterion classification for biomass/biogas plants siting
	7) Criterion: Visibility from most-visited sites
	Proportionally to the solar and wind energy installations, the criterion of the visibility from most-visited areas has been set. As most-visited areas, the archaeological sites, monuments, settlements, traditional settlements, beaches, marinas, camps and hotels were defined and this criterion’s priority scale is presented in Table 3.15.
	8) Criterion: Biomass and Biogas potential
	For the estimation of the biomass potential of the Regional unit of Rethymno, the theoretical biomass potential of pruning wood from olive trees, vineyards, fruit trees, coniferous and broadleaved forests was estimated. The adopted methodology is based on the CORINE 2012 database and the pruning wood productivity coefficients ηc presenting in Table 3.31.  
	Table 3.31 Pruning wood productivity coefficients of different forest and agricultural biomass sources
	However, land cover maps do not always allow for a direct quantification of the theoretical biomass potential, as the total area of a polygon does not necessarily equal to the vegetation covered area. Therefore, the tree cover density was introduced, for the effective vegetated area quantification, as presented in Table 3.32. In addition, it must be noted that for the estimation of the theoretical biomass potential from vineyards pruning wood, the total area of the CORINE 2012 polygons was taken into consideration, due to the spatial uniformity of this cultivation type.
	Table 3.32 Sources and methodology for the theoretical biomass potential estimation
	Polygons from CORINE 2012 database with codes 223 and 222 for olive trees and fruit trees respectively [102]
	Tree cover density maps (20m resolution) of the Copernicus, Land Cover Service [106]
	Pixels corresponding to coniferous forests from the Forest Type maps (20m resolution) of the Copernicus, Land Cover Service [107]
	Tree cover density maps [106]
	Pixels corresponding to broadleaved forests from the Forest Type maps [107]
	Pixels not belonging to broadleaved forest used for agricultural practices from the Forest Type maps of the Copernicus, Land Cover Service [107]
	Tree cover density maps [106]
	Polygons from CORINE 2012 database with code 221, corresponding to vineyards
	Following Figure 3.3, the estimation methodology for olive trees theoretical biomass potential can be seen. From the intersection of the olive trees CORINE polygons with the tree cover density maps; the theoretical biomass potential of olive trees’ pruning wood in the Regional Unit of Rethymno is derived, based on the equations presented in Table 3.32. In addition, a similar estimation methodology was also applied for the other cultivation types, investigated in this study. 
	/
	Figure 3.3 Olive trees theoretical biomass potential estimation methodology
	Finally, after the calculation of the theoretical biomass potential for every cultivation type, some restrictions have been set, in order to derive the exploitable biomass potential in the Regional Unit of Rethymno. Specifically, only the biomass potential of areas with:
	 A slope less than 20% was taken into consideration, as greater slopes may indicate difficult access, erosion and soil loss problems [33]
	 A distance less than 3km from the road network, in order to ensure that these areas are easily accessible [33]
	By establishing the aforementioned constraints, the exploitable biomass potential for every cultivation type is produced. Map 3.3 presents the sites occurring after the introduction of the constraints, for the olive trees biomass potential exploitation. Finally, Map R.8 (Map Annex) presents the total exploitable biomass potential of the Regional Unit of Rethymno, for all cultivation types considered. 
	/
	Map 3.3 Olive trees theoretical and exploitable biomass sites
	For the biogas potential estimation of the Regional Unit of Rethymno, the potential production from waste water treatment plants (WWTP), landfills and large livestock farms were taken into consideration. In the study area, the WWTP [108] presenting in Table 3.33 are found. Based on the permanent and peak population of the areas served by these plants and the assumption that every 1,000 residents produce 28m3/d biogas [78], the maximum and minimum biogas quantities are derived, as presented in Table 3.33.
	Table 3.33 Biogas quantities from sewage treatment plants in the Regional Unit of Rethymno
	Location
	Serving areas
	Permanent population [98]
	Peak population [108] 
	Minimum biogas quantity
	(m3/d)
	Maximum biogas quantity (m3/d)
	Average biogas quantity (m3/y)
	Anogia
	Anogia
	2,319
	2,322
	64.93
	65.02
	23,715.51
	Bali
	Bali, 
	Vlichada
	565
	6,500
	15.82
	182
	36,102.15
	Panormos
	Panormos, Roumeli, Achlades, Siripidiana
	1,296
	7,700
	36.288
	215.6
	45,969.56
	Rethymno
	Rethymno
	32,468
	58,000
	909.1
	1,624
	462,291.48
	In addition to the waste water treatment plants, the biogas potential from a landfill located in the Regional Unit of Rethymno was estimated. Based on the annual solid wastes quantity and the assumption that the biogas quantity produced from solid wastes is between 120-400m3/t [72], Table 3.34 was produced.
	Table 3.34 Biogas quantities from a landfill in the Regional Unit of Rethymno
	Location
	Serving areas
	Urban solid wastes
	(t/y)
	Maximum biogas quantity
	(m3/y)
	Minimum biogas quantity
	(m3/y)
	Average biogas quantity
	(m3/y)
	Rethymno
	Rethymno
	42,000
	16,800,000
	5,040,000
	10,920,000
	Finally, the biogas potential from a pig farm located in the Regional Unit of Rethymno, with a capacity of 1,800 sows was estimated. Based on the issued environmental terms approval, the waste quantities produced by the plant were determined [79]. In addition to these quantities, an average value between 30 and 65 m3/t biogas [109] from pig farm wastes was used. Finally, an average value of 0.35 m3/kg COD [42] was employed for sizing the biogas potential from the slaughterhouse wastes. Based on the aforementioned points, Table 3.35 is produced, presenting the annual potential biogas yield of the pig farm.   
	Table 3.35 Biogas quantities from a livestock farm in the Regional Unit of Rethymno
	Brand
	Slaughterhouse waste production 
	(kg COD/d)
	Biogas quantity from the slaughterhouse (m3/d)
	Pig farm waste production (t/d)
	Biogas quantity from the pig farm  (m3/d)
	Total
	(m3/y)
	Creta Farms
	1,395
	488.25
	24
	1,140
	594,311.3
	After the estimation of the biomass and biogas potential of the Regional Unit of Rethymno, the criterion classification was constructed. For the criterion of the biomass potential, the produced classification is presented in Table 3.36. In addition, due to the fact that the biogas potential consists of point features, the criterion classification was constructed in terms of a distance from the biogas sources, described in the following Tables. Moreover, SFSPSD-RES [85] states that, the preferred locations for biogas plants siting are the ones, in close proximity to waste water treatment plants, landfills and large livestock farms, but it does not define a minimum distance. Therefore, the criterion classification presented in Table 3.37 was adopted.     
	Table 3.36 Biomass potential criterion classification for biomass plants siting
	Table 3.37 Biogas potential criterion classification for biogas plants siting
	4 Analytical Hierarchy Process (AHP) implementation and sustainable siting areas
	In the previous Section, the exclusion and evaluation criteria for each renewable energy technology studied were presented. In addition, the evaluation criteria were classified to the priority scale presented in Table 3.1, so for each criterion, each cell of the study area has a score between 0 and 4. According to Figure 3.2, the next step constitutes of assigning weights to the selected criteria, applying an Analytical Hierarchy Process. In the next Sections, a detailed description of the Analytical Hierarchy Process and its application in this study, as well as the sustainable siting areas of each renewable energy technology studied are presented.   
	4.1 Multi-criteria decision making: the Analytical Hierarchy Process

	Before proceeding to the individual steps of the adopted methodology, a brief representation of the Analytical Hierarchy Process (AHP) is conducted. AHP was developed by Saaty (1980) and is a structured technique for organizing and analyzing complex decision problems. In order to apply the AHP, the steps below must be followed [37]:
	1) Definition of the problem and its goals
	2) Structure of the problem’s hierarchy, which constitutes the top level criteria, intermediate level subcriteria and lower level, which usually contains the list of alternatives (Figure 4.1)
	3) Pair-wise comparisons of all criteria influencing the decision have to be conducted, based on Saaty’s fundamental scale (Table 4.1)
	4) The priority vector indicating the relative importance of different criteria is calculated and the consistency of the judgments have to be checked 
	5) Priorities of the alternatives with respect to each criterion separately are derived (pair-wise comparison of the alternatives with respect to each criterion) and the consistency is also checked and adjusted
	6) All alternative priorities are combined as a weighted sum, to take into account the weight of each criterion 
	/
	Figure 4.1 Hierarchical structure of the problem
	The matrix of pair-wise comparisons A= [cij] represents the intensity of the expert’s preference between individual criteria, that affect the selection of one of the available alternatives. The judgment matrix is given below (4.1), for n criteria, where cij is the relative importance of the criterion Ci over the criterion Cj.
	𝐴=𝑐11𝑐12⋯𝑐1(𝑛−1)𝑐1𝑛𝑐21𝑐22…𝑐2(𝑛−1)𝑐2𝑛⋮⋮⋱⋮⋮𝑐𝑛1𝑐𝑛2⋯𝑐𝑛(𝑛−1)𝑐𝑛𝑛              (4.1)
	According to the reciprocal judgment, if the importance of the criterion Ci over the criterion Cj is k, then the relative importance of the criterion Cj over the criterion Ci is 1/k, so in matrix A, cji=1/cij ∀ i≠j and cii=1 for i,j=1,2,3…n. In addition, the number of judgments needed for such matrix is n(n-1)/2. The relative weights of criteria C1, C2…Cn can be determined from matrix A, by normalizing it into a new matrix through dividing the elements of each column by the sum of the elements of the same column. The relative weights of the criteria are then computed by the row average of the new normalized matrix.
	Table 4.1 The fundamental scale according to Saaty (1980) [45]
	The advantage of this process is that it allows checking the consistency of the judgments made by the pair-wise comparisons. For a judgment to be consistent the following equation must be followed [18]:
	cij=cik×ckj ∀ i,j,k                           (4.2)
	 However, Assumption (4.2) is often violated in empirical decision situations, but Saaty argues that a reasonable level of inconsistency is expected and tolerated. To measure the degree of inconsistency of comparison matrices, Saaty introduced the Consistency Index (CI), measured as follows:
	CI=λmax−nn−1                  (4.3)
	 In Equation (4.3), n is the size of the matrix (n x n) and λmax is the maximum eigenvalue of the comparison matrix. By solving the eigenvalue problem and determining the principal eigenvalue λmax, the Consistency Ratio (CR) can be defined by the Equation:
	CR=CIRI                       (4.4)
	In Equation (4.4), CI corresponds to the Consistency Index calculated based on the Equation (4.3) and RI corresponds to Random Index values, which vary with the matrix size. A random matrix is one where the judgments have been entered randomly based on the Saaty’s scale and therefore it is highly inconsistent. More specifically, RI is the average CI of 500 randomly filled matrices provided by Saaty (1980), for different matrix sizes, as shown in Table 4.2. 
	Table 4.2 Saaty’s Random Index Values (RI) [1] 
	 Finally, as it was mentioned previously, a reasonable level of inconsistency is acceptable, therefore if CR<0.10, the degree of consistency is considered satisfactory. Otherwise, consistency adjustment procedures proposed by Saaty can be performed, based on a maximum deviation approach [18]. 
	4.2 Analytical Hierarchy Process implementation

	For the AHP implementation, a survey was conducted, where local experts from different involved renewable energy-related groups were asked to perform the necessary pair-wise comparisons of the selected criteria. These experts were selected in such a way, in order to evaluate the different preferences of the RES siting stakeholders, so that their distinct opinions reflect the complexity of the RES siting problem. For example, an environmental-focused expert may favor a site, which is far away from areas of environmental interest, while an expert focused in the techno-economic aspect of the problem, may favor a site close to the road network and the electricity transmission lines. 
	In this study, the selected participants represent different stakeholders, such as the policy makers, the power supplier, the academia, the environmental groups and the engineers. A special advisor for energy of the Region of Crete represents the policy makers group, the head of Crete’s Dispatching Centre represents the power supplier group and a member of the Hellenic Ornithological Society represents the environmental group. In addition, two environmental engineers and a member of the educational personnel of the School of Environmental Engineering, of the Technical University of Crete complete the selected group of experts.
	The participants were asked to perform the pair-wise comparisons of the selected criteria, by filling out the tables presenting in Annex F, defining the relative importance between the compared criteria, based on the scale presenting in Table 4.3.
	Table 4.3 Scale for the Analytical Hierarchy Process implementation
	Therefore, for each of the renewable energy systems studied, there are six completed judgment matrices. Subsequently, the participants’ priority vectors for each RES were estimated, by applying the procedure described in Section 4.1. In addition, as for the engineers group, there are two participants, an average of the engineers’ priority vectors was computed and then, an aggregation of the individual priorities (AIP) was applied. AIP of the five priority vectors of the different stakeholders is implemented by a geometric mean method, based on the Equation:
	PgCJ=i=1nPiCJ1n                                                                                              (4.5) 
	In Equation (4.5), Pg(Cj) is the priority of the group of experts for the criterion j, Pi(Cj) is the priority vector of an individual expert i, for the criterion j and n is the number of experts questioned. AIP is used in cases, where each individual of a group acts on his/her own interest, with different value systems [26], as it is considered in this study. Finally, the priority vectors accruing from the geometric mean method are normalized in order to ensure that:
	j=1nPgCJ=1                                                                                                                  4.6
	After the estimation of the aggregated priority vectors for each criterion j of each RES, the weighted sum aggregation is employed, in order to determine the Overall Priority Index (OPI) for each cell of the study area, based on the Equation:
	OPIi=j=1nwjsij                                                                                                                  (4.7)
	In Equation (4.7), OPIi corresponds to the Overall Priority Index of the cell i, wj is the relative importance of the criterion j, sij is the score of the cell i over the criterion j and n is the total number of criteria. With the employment of the weighted sum aggregation, the priority maps of each renewable energy technology are produced, based on the fact that after the aggregation, each cell of the study area has a score between 0 and 4, where 0 corresponds to 100% priority and 4 corresponds to 0% priority. Finally, the priority maps are produced with the assistance of the RASTER CALCULATOR tool in ArcGIS 10.3.
	The production of the priority maps facilitates in identifying the sustainable siting location, which are considered to be the available areas of the stricter socio-environmental scenarios, which have a priority percentage greater than 60%. In the next Sections, the sustainable siting locations for each renewable energy system studied are presented, estimating the coverage of each municipality of the Regional Unit of Rethymno. 
	4.3 Sustainable siting areas for wind energy installations siting

	As it was mentioned before, for the sustainable siting locations identification, the priority of the available areas of the environmental scenario for wind energy installations siting, have to be estimated. For this purpose, pair-wise comparisons of the selected criteria were conducted by experts from different renewable energy-related fields. Table 4.4 presents the judgment matrix from the expert of the policy makers group. 
	Table 4.4 Judgment matrix of the expert from the policy makers group
	  The relative weights of the above criteria can be determined from Table 4.4, by normalizing it into a new matrix through dividing the elements of each column by the sum of the elements of the same column. The relative weights of the criteria are then computed by the row average of the new normalized matrix. From the judgment matrix of the policy maker representative, presented in Table 4.4, the normalized new matrix is presented in Table 4.5.
	Based on the aforementioned procedure, the relative importance of the selected criteria from the different stakeholders, for wind energy installations siting is derived, as presented in Table 4.6. Finally, with an AIP of the five priority vectors of the different stakeholders, by a geometric mean method (Section 4.2), the criteria weights are derived. In addition, with the employment of the weighted sum aggregation, described in Section 4.2, the priority map for wind energy installations siting is produced, as presented in Map 4.1.
	Table 4.5 Normalized matrix of the expert from the policy makers group
	Table 4.6 The relative importance of the selected criteria, for wind energy installations siting, from the different stakeholders
	/
	Map 4.1 Priority map for wind energy installations siting based on the criteria weights derived from the AHP
	With the production of the priority map for wind energy installations siting, the sustainable siting locations are identified, which are considered to be the available areas of the environmental scenario, where the SCIs of the NATURA 2000 network are also excluded, which also have a priority percentage greater than 60%. The municipalities’ coverage by the different priority classes of the sustainable siting areas is presented in Table 4.7. 
	Table 4.7 Municipality coverage by the sustainable siting areas for wind energy installations siting 
	Finally, by taking into account the constraint introduced by SFSPSD-RES [85], concerning the maximum land coverage from wind farms in the inhibited islands of the Aegean, the Ionian Sea and Crete, which cannot exceed 4% of the municipality area, Table 4.8 is produced. In Table 4.8, if municipality coverage by the sustainable siting areas exceeds the maximum coverage of 4%, then the 4% coverage is taken into account as the final municipality coverage from wind turbines. In addition, considering the standard wind turbine, with a rotor’s diameter of 85m and an average power of 2MW [85], as well as a technical factor of 75.86 acres/MW [60], the maximum wind power from standard wind turbines is determined in Table 4.8.   
	Table 4.8 Calculation of carrying capacity per municipality for wind energy installations siting
	4.4 Sustainable siting areas for solar energy installations siting

	The same procedure, as for wind energy installations priority map production, was also applied for the estimation of the relative importance of the selected evaluation criteria for solar energy installations siting. Table 4.9 presents the judgment matrix, produced by the criteria pair-wise comparisons performed by the participant from the academia group. By the normalization of the judgment matrixes of every participant, following the procedure presented in Section 4.2, the relative importance of the evaluation criteria for solar energy installations siting, for every participant, were estimated, as presented in Table 4.10. 
	Table 4.9 Judgment matrix of the expert from the academia group
	Table 4.10 The relative importance of the selected criteria, for wind energy installations siting, from the different stakeholders
	By taking into account the available siting areas of the socio-environmental scenario, for solar energy installations siting, as described in Section 3.3.1 and the relative importance of the selected criteria from the AIP of the selected participants (Table 4.10), two different priorities maps are produced, for large-scale PV and CSP farms respectively. After the construction of the priority maps, the sustainable siting areas for each solar energy installations are emerging, corresponding to a priority percentage greater than 60%. An additional area constraint was also introduced for the sustainable siting areas identification, corresponding to an area greater than 1,200m2 for the PVs (power of 60kW) and 400,000m2 for CSPs (power of 20MW) [75]. Map 4.2 presents the sustainable siting areas for PV and CSP farms, based on the criteria relative importance derived from the AHP and Table 4.11 presents the municipality coverage by the sustainable siting areas for each solar energy technology. 
	a)  /
	b)
	/
	Map 4.2 Sustainable siting areas for a) PV and b) CSP farms respectively, based on the criteria weights derived from the AHP
	Table 4.11 Municipality coverage by the sustainable siting areas for solar energy installations siting
	SFSPSD-RES [85] does not state any constraint concerning the maximum coverage per municipality by solar energy installations. Therefore, taking into account only the highest priority siting areas, corresponding to 80-100% priority, the potential maximum power, if the total of these areas is covered by solar energy installations, is estimated, as presented in Table 4.12. For the estimation of the potential maximum power, the technical factors taken into consideration are: 60kW/1,200m2 for PVs and 20MW/400,000m2 for CSPs [75].  
	Table 4.12 Calculation of the carrying capacity per municipality for solar energy installations siting, taking into account the highest priority areas
	4.5 Sustainable siting areas for biomass/biogas plants siting

	Following the same procedure, as for the wind and solar energy installations siting, the relative importance of the selected evaluation criteria, for biomass or biogas plants siting is derived. Table 4.13 presents an example of a judgment matrix, completed by the expert from the power supplier group. In addition, Table 4.14 presents the criteria weights accrued from the judgment matrixes of the different stakeholder, as well as the aggregated weights, derived from a geometric mean method. 
	Table 4.13 Judgment matrix of the expert from the electricity power supplier group
	Table 4.14 The relative importance of the selected criteria, for biomass/biogas plants siting, from the different stakeholders
	Map 4.3 presents the priority percentage of the available siting areas of the environmental scenario, for biomass plants siting, while in Table 4.15 the municipality coverage by the sustainable siting areas and the biomass potential per municipality are presented. The energy potential from wood biomass per municipality is derived from the Equation:
	Βen=i=1nBav×LHVi×neff                                                                                             (4.8)
	In Equation (4.8), Ben is the energy potential of wood biomass (in GJ/y), Bav is the available wood biomass (in t/y), LHV is the lower heating value of the different wood biomass species i (14 GJ/t for vineyards, olive, fruit and broadleaved forest trees and 15 GJ/t for coniferous trees [33]) and neff is the efficiency of the biomass to electricity conversion technology (0.35 for combustion to electricity [55]). 
	/
	Map 4.3 Priority map for biomass plants siting based on the criteria weights derived from the AHP
	Table 4.15  Biomass potential and the municipality coverage by the sustainable siting areas for biomass plants siting
	However, for the sustainable biomass plants siting locations, an additional analysis was also performed, as many of the areas with the highest biomass potential are excluded based on the exclusion criteria adopted, as it can be seen in Map 4.4.
	/
	Map 4.4 The biomass potential of the Regional Unit of Rethymno and the exclusion areas for biomass plants siting
	 Therefore, after the combination of the selected criteria, based on the priorities derived by the AHP, the siting areas with the highest priority (80-100%) are derived. In these areas, hypothetical biomass plants were sited and with a location-allocation tool, in ArcGIS 10.3, five of them were chosen, which can allow the greatest coverage of the available biomass potential, within a 10km driving distance (Map 4.5). The available biomass potential for energy production (combustion to electricity efficiency 0.35 [55]) for each location is presented in Table 4.16, with the corresponding energy potential. As we can see, many high biomass potential areas are covered by these high priority siting areas, within a 10km driving distance. 
	/
	Map 4.5 Allocation of the available biomass potential to five hypothetical biomass plants in high priority siting areas
	Table 4.16 Available biomass and energy potential per high priority location
	Finally, the selected criteria were also combined to produce the priority map for biogas plants siting, presenting in Map 4.6. In addition, the biogas potential per municipality and the coverage by the sustainable siting areas are presented in Table 4.17. For the energy biogas potential estimation, the Equation (4.9) was employed.
	Βenb= Bb×LHVb×neff                                                                                    (4.9)
	In Equation (4.9), Benb corresponds to the energy potential of the available biogas quantities (in MJ/y), Bb is the annual average biogas potential per municipality (in m3/y), LHVb is the lower heating value of biogas (taken equal to 20 MJ/m3 [70]) and neff is the efficiency of the conversion technology (taken equal to 0.85 for electricity and heat production [71]).
	Table 4.17 Biogas potential and the municipality coverage by the sustainable siting areas for biogas plants siting
	/
	Map 4.6 Priority map for biogas plants siting based on the criteria weights derived from the AHP
	5 Sensitivity analysis
	In Section 4, the priority maps, for each of the renewable energy systems studied, were produced, based on the criteria weights derived from the implementation of an Analytical Hierarchy Process (AHP). The suitability assessment performed in the previous Section, was based on value scores assigned to each criterion and on their associated relative importance, determined by implementing a survey among local renewable energy stakeholders. 
	In this Section, in order to check the sensitivity of the assigned weights and the results obtained, a sensitivity analysis was carried out. For the sensitivity analysis implementation, different scenarios were employed, concerning the criteria weights. Apart from an equal-weighted scenario, techno-economic, socio-environmental and safety scenarios were employed. For example, in the techno-economic scenario, all techno-economic criteria were given equal weights and for the rest criteria, their relative importance was set to zero. In the next Sections, the different scenarios for the sensitivity analysis implementation and the associated results, for each of the renewable energy technologies studied are presented. 
	5.1 Sensitivity analysis implementation for wind energy installations siting     

	In this Section, the different scenarios, concerning the criteria relative importance for wind energy installations siting, for the sensitivity analysis implementation are presented. Table 5.1 presents the criteria weights derived from the AHP, as well as the criteria weights for the different scenarios employed, for the sensitivity analysis implementation. In the techno-economic, socio-environmental and safety scenarios, the criteria not falling under each category, were assigned a weight equal to zero, after consulting Table 3.5, describing the evaluation criteria type for wind energy installations siting.
	Table 5.1 Criteria relative importance in the different sensitivity analysis scenarios for wind energy installations siting
	Table 5.2 The coverage of the Regional Unit of Rethymno in the different sensitivity analysis scenarios, for wind energy installations siting
	5.2 Sensitivity analysis implementation for solar energy installations siting

	Table 5.3 Criteria relative importance in the different sensitivity analysis scenarios for solar energy installations siting
	Table 5.4 The coverage of the Regional Unit of Rethymno in the different sensitivity analysis scenarios, for solar energy installations siting
	5.3 Sensitivity analysis implementation for biomass plants siting

	Table 5.5 Criteria relative importance in the different sensitivity analysis scenarios for biomass plants siting
	Table 5.6 The coverage of the Regional Unit of Rethymno in the different sensitivity analysis scenarios, for biomass plants siting
	6 Conclusions
	The RES siting problem and more specifically the problem of finding suitable sites to host renewable energy installations is a common research area for scientific papers and other studies. The main characteristic of this problem is its complexity, as different and often contradictive criteria have to be taken into consideration, in order to find the most suitable siting areas. For example, an environmental criterion for wind energy installations siting, such as the distance from areas of environmental interest, whose aim is to be maximized, in some cases may contradict with the criterion of the distance from the road network, which is a techno-economic criterion aimed to be minimized. Therefore, the key objective of the RES site selection studies is to find the most suitable locations, for the minimization of the impacts on the natural and human environment and the maximization of the economic and technical potential.
	This study dealt with the renewable energy installations siting problem, by employing Geographic Information Systems and the Analytical Hierarchy Process (AHP). Therefore, a dynamic methodology was developed, for finding the sustainable siting areas to host wind, PV and CSP farms, as well as biomass and biogas plants. The adopted methodology was applied in the case study of the Regional Unit of Rethymno and enabled:
	 the identification of the legally available siting areas for each RES, after reviewing the related legislation
	 the evaluation of the available siting locations, based on techno-economic, socio-environmental and safety criteria 
	 the classification of each evaluation criterion into a five-class priority scale, after a rigorous literature review 
	 the determination of the criteria relative importance, by implementing the AHP, where local experts from different involved renewable energy-related groups were asked to perform the necessary pair-wise comparisons of the selected criteria
	 the identification of the sustainable siting areas for each RES, after the production of priority maps with a weighted sum aggregation of the selected criteria
	 the sensitivity evaluation of the methodology’s results, by employing different scenarios for the criteria weights
	The results from the adopted methodology, for the Regional Unit of Rethymno, in terms of the coverage from the highest priority sustainable siting areas (80-100%) are: 1.55% for wind energy installations, 2.88% for PV farms, 0.17% for CSP farms, 1.40% for biomass plants and 0.69% for biogas plants. In addition, the results of the adopted methodology, in terms of the potential maximum power from the highest priority areas are: 76MW for wind energy installations, 530MW for PVs and 30MW for CSPs. Finally, the highest priority areas for biomass plants siting have the energy potential of 16.95GWh/y, for the collection of the available biomass in a 10km driving distance. 
	In addition, from the implemented sensitivity analysis, a reduction was observed in the sustainable siting areas of the techno-economic scenario, in relation to the coverage derived from the AHP, for every renewable energy technology studied. Moreover, it must be noted that the priority vectors derived from the AHP for each technology, emphasize in the safety and socio-environmental criteria, giving them greater importance in relation to the techno-economic criteria. Therefore, the main advantages of the adopted methodology are that:
	 it takes into account the three spectrums of the sustainable development to ensure both the environmental and landscape preservation and the feasibility of the investment
	 it takes into account the complexity of the renewable energy installations siting, by incorporating the distinct opinions of different renewable energy-related involved groups
	 it enables the creation of alternative scenarios, for the exclusion criteria selection and the evaluation criteria importance and the visualization of the results for each scenario
	7 Discussion and recommendations for further research
	Further research can also be performed in the methodology development, for the RES sustainable siting areas identification and its application in the Regional Unit of Rethymno. More evaluation criteria can be incorporated, more stakeholders can participate in the survey for the criteria weights determination and more renewable energy technologies can be studied. Therefore, economic evaluation criteria can be employed for the economic potential determination and investors in the RES field can participate in the survey, for their input in the criteria relative importance.
	In addition, for the AHP implementation, the criteria can be divided into categories, regarding their type (e.g. technical, economic, social, environmental, safety) and the hierarchical structure of the problem can include sub-criteria (e.g. the environmental criterion can include the distance from the NATURA 2000 sites and the distance from the water bodies sub-criteria). In this case, the selected stakeholders have to perform the necessary pair-wise comparisons for the criteria and the sub-criteria of each criterion separately.   
	Finally, the developed methodology is based on the quality and quantity of the available data for collection. In this study, a special effort was made for the collection of the necessary data from official authorities and scientific studies. However, as discussed in previous Sections, a spatial representation of the medium voltage lines of the Regional Unit of Rethymno was not available to us by the competent authority. In addition, forest maps and spatial data on the high productivity agricultural areas were not published yet for the Regional Unit of Rethymno. Therefore, data from the historical CORINE database were employed, concerning the forest and agricultural areas of the region. However, despite these limitations, the methodology developed is dynamic, allowing for the continuous update of the collected data, which can, in turn, lead to the employment of additional evaluation criteria. 
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	Annex A
	In this Section the evaluation criteria (Crit.) and constraints (Con.) for siting wind energy projects, from the literature review are presented. Table A.1 and Table A.2 present the most common evaluation and exclusion criteria, while Table A.3 present the less used criteria and constraints, based on the literature review performed.
	Table A.1 Overview of the evaluation criteria and constraints used in the literature for wind farms site selection
	Table A.2 Overview of the evaluation criteria and constraints used in the literature for wind farms site selection (Continued)
	Table A.3 Overview of less used evaluation criteria and constraints from the literature review of wind farm site selection
	Annex B
	In this Section the most common criteria (Crit.) and constraints (Con.) for the studies presented in Section 2 are presented in Table B.1 and Table B.2. Other less used criteria are: sunshine hours, relative humidity, land value, population density, flooding risk, area and distance from airports, national defense infrastructure and mines.  
	Table B.1 Overview of the distance criteria and constraints used in the literature for solar farms site selection
	Table B.2 Overview of the criteria and constraints used in the literature for solar farms site selection
	Annex C
	In this Section, the criteria classification and buffer distances used in the literature, concerning the criteria selected in this study for the evaluation of the available siting areas for wind energy installations, are presented. For the classification of the available areas according to their suitability for each criterion, some authors employ trapezoid membership equations and others apply value scores to each criterion class (Tables C.1 to C.10). For this study, the criteria classification and assigned value scores of suitability are presented in detail in Section 3.2.2.  
	Table C.1 Literature review on the criterion of the distance from areas of environmental interest for wind energy installations site selection
	>1,000m from areas of ecological value,
	>250m from ecologically sensitive areas,
	>500m from wildlife conservation areas
	>1000m from areas of ecological value/special scientific interest
	-                       4
	-                       6
	>500m from Natura 2000 sites
	>1,000m from important bird areas
	>2,000m
	>1,000m from landscape and wildlife designations
	Table C.2 Literature review on the criterion of the distance from water bodies for wind energy installations site selection
	Table C.3 Literature review on the criterion of the distance from areas of cultural interest for wind energy installations site selection
	>500m,3,000m,6,000m with different value scores
	Table C.4 Literature review on the criterion of the distance from antennas for wind energy installations site selection
	Table C.5 Literature review on the criterion of the distance from airports for wind energy installations site selection
	Table C.6 Literature review on the criterion of the distance from electricity transmission lines for wind energy installations site selection
	Table C.7 Literature review on the criterion of the distance from the road network for wind energy installations site selection
	Table C.8 Literature review on the criterion of the slope for wind energy installations site selection
	Slope-Suitability
	0-7degrees(excellent)
	7-16degrees(good)
	16-30degrees (fair)
	30-40degrees(poor)
	>40degrees (unsuitable)
	Table C.9 Literature review on the criterion of the elevation for wind energy installations site selection
	Table C.10 Literature review on the criterion of the wind potential for wind energy installations site selection
	Annex D
	Similar to wind energy installations, a literature review was conducted for solar energy installations, presenting the buffer distances and criteria classification applied in the studies, found in the literature. Tables D.1 to D.7 present the criteria classification and constraint values applied in the literature for the criteria selected in this study. Consulting these Tables the criteria classes for this study were produced, as presented in detail in Section 3.3.2.  
	Table D.1 Literature review on the criterion of the distance from the road network for solar energy installations site selection
	Table D.2 Literature review on the criterion of the distance from the electricity transmission lines for solar energy installations site selection
	Table D.3 Literature review on the criterion of the slope for solar energy installations site selection
	Table D.4 Literature review on the criterion of the aspect for solar energy installations site selection
	Table D.5 Literature review on the criterion of the land uses for solar energy installations site selection
	Table D.6 Literature review on the criterion of the distance from water bodies for solar energy installations site selection
	Table D.7 Literature review on the criterion of the solar potential for solar energy installations site selection
	Annex E
	In this Section, the literature review on the biomass/biogas plants evaluation siting criteria and constraints is presented. Tables E.1 to E.7 present the criteria classification and buffer distances found in the literature, concerning the evaluation criteria selected for this study. A detailed description of the evaluation criteria and related priority scales, for this study, is presented in Section 3.4.2. 
	Table E.1 Literature review on the criterion of the distance from areas of environmental interest for biomass plants site selection
	>500m
	Exclusion of environmental protected areas
	Exclusion of environmental protected areas, such as NATURA 2000 sites
	Table E.2 Literature review on the criterion of the distance from water bodies for biomass plants site selection
	>500m
	>150m
	>50m
	>50m
	Table E.3 Literature review on the criterion of the distance from areas of cultural interest for biomass plants site selection
	>200m
	Table E.4 Literature review on the criterion of the distance from the road network for biomass plants site selection
	>100m
	>70m
	>10m
	Acceptable range between 10-3,200m from highways
	Table E.5 Literature review on the criterion of the slope for biomass plants site selection
	<15%
	<10%
	Table E.6 Literature review on the criterion of the distance from the electricity transmission lines for biomass plants site selection
	>100m
	<2km
	Acceptable range between 10-1,600m
	Table E.7 Literature review on the criterion of the biomass potential for biomass plants site selection
	Annex F
	In this Section, the questionnaire sent to the selected participants is presented. It consists of three tables, one for each of the renewable energy technologies studied, for the implementation of the criteria pair-wise comparisons. In addition, instructions were also enclosed for the correct completion of the tables.
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	Θέμα: Ερωτηματολόγιο για την ιεράρχηση κριτηρίων χωροθέτησης μονάδων ΑΠΕ στην ΠΕ Ρεθύμνης  
	        Χανιά,  Μάρτιος 2018
	Αξιότιμε κύριε/κυρία,
	Tο παρόν σύντομο ερωτηματολόγιο πραγματοποιείται στα πλαίσια της μεταπτυχιακής διπλωματικής εργασίας μου στο μεταπτυχιακό πρόγραμμα ‘’Περιβαλλοντική Μηχανική’’ της Σχολής Μηχανικών Περιβάλλοντος του Πολυτεχνείου Κρήτης. Η μεταπτυχιακή διπλωματική εργασία, με επιβλέποντα καθηγητή τον κ. Θεοχάρη Τσούτσο, έχει θέμα τη διερεύνηση του δυναμικού ΑΠΕ της ΠΕ Ρεθύμνης και την εκτίμηση των βιώσιμων θέσεων χωροθέτησης αιολικών, ηλιακών και εγκαταστάσεων εκμετάλλευσης βιομάζας στην ΠΕ Ρεθύμνης.
	Για κάθε τεχνολογία ΑΠΕ, αφού προσδιορίστηκαν οι περιοχές αποκλεισμού και οι ελάχιστες αποστάσεις από συγκεκριμένες χρήσεις, που ορίζει η νομοθεσία, αναζητούνται οι βιώσιμες περιοχές χωροθέτησης, με την εισαγωγή περιβαλλοντικών, αισθητικών και τεχνοοικονομικών κριτηρίων. Στα πλαίσια αυτά, δημιουργήθηκε το επισυναπτόμενο ερωτηματολόγιο προς συμπλήρωση, από δείγμα ειδικών και εμπλεκόμενων ομάδων που σχετίζονται άμεσα με το προς μελέτη αντικείμενο. Συγκεκριμένα, στους τρεις πίνακες του ερωτηματολογίου παρουσιάζονται τα κριτήρια για την ιεράρχηση των νομοθετικά διαθέσιμων περιοχών, κάθε τεχνολογίας ΑΠΕ που μελετάται και παρακαλείται η συμπλήρωσή τους, ακολουθώντας τις οδηγίες που επισυνάπτονται.
	Η συμμετοχή σας θα μας βοηθούσε ιδιαίτερα στην ολοκλήρωση της μελέτης και στην εξαγωγή αξιόπιστων αποτελεσμάτων για τις βιώσιμες περιοχές χωροθέτησης, λαμβάνοντας υπόψη και τη σχετική σημαντικότητα κάθε κριτηρίου, σύμφωνα με τις απαντήσεις των εμπλεκόμενων ομάδων. Για τη διαδικασία αυτή, θα χρειαστείτε το πολύ 10-15 λεπτά, ακολουθώντας και τις οδηγίες που επισυνάπτονται. Τέλος, τα αποτελέσματα της έρευνας, εφόσον σας ενδιαφέρουν, θα είναι στη διάθεσή σας.
	Σας ευχαριστούμε θερμά για το χρόνο σας και την πολύτιμη βοήθειά σας!
	Με εκτίμηση,
	Μαρίνα Γιαμαλάκη,
	Πολιτικός Μηχανικός ΕΜΠ,
	Μεταπτυχιακή Φοιτήτρια της Σχολής Μηχανικών Περιβάλλοντος, 
	Πολυτεχνείου Κρήτης 
	E-mail: mgiamalaki@isc.tuc.gr
	F.2 Instructions
	Οδηγίες για τη Συμπλήρωση των Πινάκων
	Στο τρίτο αρχείο, που επισυνάπτεται, με τίτλο «Πίνακες», θα βρείτε τρείς πίνακες, έναν για κάθε τεχνολογία ΑΠΕ που μελετάται, στους οποίους η πρώτη σειρά και στήλη περιλαμβάνει τα κριτήρια αξιολόγησης, που εδώ παρουσιάζονται αναλυτικά, στους Πίνακες 2-4.
	Για τον προσδιορισμό της σχετικής σημαντικότητας κάθε κριτηρίου, ζητείται η κατά ζεύγη σύγκρισή τους, σύμφωνα με την κλίμακα προτίμησης, που δίνεται στον Πίνακας 1. 
	Πίνακας 1 Κλίμακα Σχετικής Προτίμησης
	Έτσι, παρακαλείται η συμπλήρωση των τετραγώνων ΜΟΝΟ ΤΗΣ ΚΙΤΡΙΝΗΣ ΠΕΡΙΟΧΗΣ των τριών πινάκων σύμφωνα με το παρακάτω παράδειγμα.
	ΠΑΡΑΔΕΙΓΜΑ
	/
	Σχήμα 1 Απόσπασμα από τον Πίνακα 1, για τις συγκρίσεις των κριτηρίων χωροθέτησης των αιολικών μονάδων
	Για παράδειγμα συμπληρώνεται ο πρώτος πίνακας, που αφορά τα κριτήρια για την χωροθέτηση αιολικών μονάδων και έστω ότι συγκρίνεται το κριτήριο της απόστασης από υδάτινα στρώματα, με το κριτήριο της απόστασης από το οδικό δίκτυο (στην 3η  γραμμή της κίτρινης περιοχής και στην 8η στήλη, σημειώνεται με κόκκινο κύκλο στο παραπάνω σχήμα).
	Έστω ότι θεωρείται ισχυρή προτίμηση (υπεροχή κατά την γνώμη μας) του κριτηρίου της απόστασης από τα υδάτινα στρώματα, έναντι του κριτήριου της απόστασης από το οδικό δίκτυο, τότε συμπληρώνεται στο αντίστοιχο κελί του Πίνακα ο αριθμός 4 (σύμφωνα και με τον Πίνακα 1). Αντίθετα, αν θεωρείται ισχυρή προτίμηση στο κριτήριο της απόστασης από το οδικό δίκτυο (που βρίσκεται στη στήλη), τότε στο κελί αυτό συμπληρώνεται ο αριθμός 1/4.
	Συνεχίζοντας τις κατά ζεύγη συγκρίσεις, περνάμε στη σύγκριση του κριτηρίου της απόστασης από τα υδάτινα στρώματα με το κριτήριο της κλίσης εδάφους. Έστω ότι θεωρείται ακραία προτίμηση του κριτηρίου της κλίσης εδάφους, τότε συμπληρώνεται στο αντίστοιχο κελί (σημειώνεται με μπλε κύκλο στο παραπάνω Σχήμα) η τιμή 1/5.
	Συνεχίζοντας, περνάμε στη σύγκριση του κριτηρίου της απόστασης από τα υδάτινα στρώματα με το κριτήριο του υψομέτρου. Έστω ότι θεωρείται ίση προτίμηση των δύο κριτηρίων, οπότε στο αντίστοιχο κελί (πράσινος κύκλος) εισάγεται η τιμή 1.
	Συνεχίζονται έτσι οι συγκρίσεις, για το κριτήριο της απόστασης από τα υδάτινα στρώματα, με το κριτήριο της θέασης από πολυσύχναστους χώρους. Έστω ότι θεωρείται μέτρια προτίμηση του κριτηρίου της απόστασης από υδάτινα στρώματα (κριτήριο γραμμής), τότε στο αντίστοιχο κελί (μωβ κύκλος) σημειώνεται η τιμή 2. 
	Ολοκληρώνονται έτσι οι συγκρίσεις της συγκεκριμένης γραμμής, με τη σύγκριση του κριτηρίου της απόστασης από υδάτινα στρώματα με το κριτήριο του αιολικού δυναμικού. Όταν ολοκληρωθούν οι συγκρίσεις για τη συγκεκριμένη γραμμή, περνάμε στην επόμενη. Σημειώνεται ότι δεν απαιτείται η συμπλήρωση όλου του πίνακα, παρά μόνο των τετραγώνων της κίτρινης περιοχής.
	Με αυτό τον τρόπο, συμπληρώνονται τα τετράγωνα των κίτρινων περιοχών των τριών πινάκων που επισυνάπτονται. Γενικά, κατά τις κατά ζεύγη συγκρίσεις, αν προτιμάτε το κριτήριο, που βρίσκεται στη γραμμή του πίνακα, τότε το αντίστοιχο κελί συμπληρώνεται με το βαθμό της προτίμησης, σύμφωνα με τον Πίνακα 1. Αντίθετα, αν προτιμάτε το κριτήριο που βρίσκεται στη στήλη, έναντι του κριτηρίου που βρίσκεται στη γραμμή, τότε το αντίστοιχο κελί συμπληρώνεται με την τιμή 1/α, όπου α αντιστοιχεί στον βαθμό προτίμησης του κριτηρίου αυτού, σύμφωνα με τον Πίνακα 1.
	Αν θέλετε μπορείτε να συνεχίσετε την ανάγνωση του παρόντος κειμένου, όπου παρουσιάζονται αναλυτικά τα κριτήρια για την αξιολόγηση των διαθέσιμων περιοχών χωροθέτησης κάθε τεχνολογίας ΑΠΕ που μελετάται, όπου μπορείτε να δείτε και τον τύπο του κριτηρίου και αν ο στόχος είναι η μεγιστοποίηση ή η ελαχιστοποίησή του (Πίνακες 2-4).
	Σας ευχαριστούμε θερμά για το χρόνο, που αφιερώσατε στην ανάγνωση των οδηγιών,
	Μαρίνα Γιαμαλάκη,
	Πολιτικός Μηχανικός ΕΜΠ,
	Μεταπτυχιακή Φοιτήτρια της Σχολής Μηχανικών Περιβάλλοντος, 
	Πολυτεχνείου Κρήτης
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	Απόσταση από Τόπους Κοινοτικής Σημασίας (ΤΚΣ) και Ζώνες Ειδικής Προστασίας (ΖΕΠ) του Δικτύου NATURA 2000
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