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Abstract: In this work, an innovative sustainable spatial energy planning framework is developed
on national scale for identifying and prioritizing appropriate, technically and economically feasible,
environmentally sustainable as well as socially acceptable sites for the siting of large-scale onshore
Wind Farms (WFs) and Photovoltaic Farms (PVFs) in Israel. The proposed holistic framework con-
sists of distinctive steps allocated in two successive modules (the Planning and the Field Investiga-
tion module), and it covers all relevant dimensions of a sustainable siting analysis (economic, social,
and environmental). It advances a collaborative and participatory planning approach by combining
spatial planning tools (Geographic Information Systems (GIS)) and multi-criteria decision-making
methods (e.g., Analytical Hierarchy Process (AHP)) with versatile participatory planning tech-
niques in order to consider the opinion of three different participatory groups (public, experts, and
renewable energy planners) within the site-selection processes. Moreover, it facilitates verification
of GIS results by conducting appropriate field observations. Sites of high suitability, accepted by all
participatory groups and field verified, form the final outcome of the proposed framework. The
results illustrate the existence of high suitable sites for large-scale WFs’ and PVFs’ siting and, thus,
the potential deployment of such projects towards the fulfillment of the Israeli energy targets in the
near future.

Keywords: spatial energy planning; site-selection process; participatory planning; onshore wind
farms; photovoltaic farms; GIS; AHP; Borda Count; TOPSIS; Israel

1. Introduction

Environmental concerns related to reduction in greenhouse gas emissions and miti-
gation of climate change effects have established Renewable Energy (RE) as a mainstream
source of electricity generation globally. According to [1], by the end of 2019, the esti-
mated share of renewables in global electricity generation was 27.3%, while the net addi-
tional installed capacity of RE Technologies (RETs) was higher compared to both fossil
fuels and nuclear for a fifth consecutive year. Moreover, the electricity generated from
new Wind Farms (WFs) and Photovoltaic Farms (PVFs) was more cost-efficient compared
to fossil fuel power plants in many locations worldwide [2], demonstrating the strong
competitiveness of wind and solar energy with conventional sources of electricity.

For global wind energy industry, 2019 was an outstanding year, since the new WF
installations corresponded to over 60 GW and the global cumulative wind power capacity
reached the amount of 651 GW by the end of 2019 [3]. Asia Pacific remained the world’s
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largest wind energy market in 2019 followed by Europe, representing 50.7% and 25.5% of
the global new wind installations, respectively. Developing markets, such as the Middle
East and Africa, with 1.6% of the global new wind installations, demonstrated steady, but
not significant growth during 2019 and, thus, they are currently last in the global wind
energy ranking. Regarding solar PV industry, the global PV power capacity reached 627
GW by the end of 2019, with China being currently the country with the largest capacity
(204.7 GW or 32.6% of the global cumulative PV power capacity) followed by the United
States (76 GW or 12.1% of global PV power capacity) [1]. In the Middle East, most of the
new PV installations (2 GW) were implemented in the United Arab Emirates (with some
PV projects installed in 2018, but commissioned in 2019), whereas in Israel and Jordan, the
additional PV power capacity reached 1.1 and 0.6 GW by the end of 2019, respectively
[1,4].

Israel, as the most developed country in the Middle East, pledged to eliminate the
use of coal, gasoline, and diesel for energy production and transport by 2030, in favor of
renewables and natural gas [2]. In that respect, the Israeli energy targets aim at 10% and
30% electricity generation from RE Sources (RES) by 2020 and 2030, respectively [2,5]. Ac-
cording to the latest available information from the Israeli Electricity Authority [6], by the
end of 2019, the cumulative PV power capacity reached 1.72 GW, which corresponds to
8.7% of the national electricity demand [4], followed by concentrated solar power capacity
(0.24 GW or 1.2% of electricity demand), biogas power capacity (0.04 GW or 0.2% of elec-
tricity demand), and wind power capacity (0.03 GW or 0.15% of electricity demand). Con-
sidering all the above and for facilitating the achievement of the Israeli energy targets, it
is deemed significantly important to develop a sustainable spatial energy plan for the
whole country, focusing on the potential deployment of the mature and cost-competitive
wind and PV technologies on a national scale. Such a plan would enable the efficient de-
termination of the most appropriate sites for the development of large-scale WFs and
PVFs, and, thus, it could set a consistent starting basis towards the production of large
amounts of electricity from RES in the country.

The appropriate site-selection for the efficient and sustainable deployment of WFs
and PVFs corresponds to an important process, which involves various environmental,
social, economic, technical, political, and legal aspects. Geographic Information Systems
(GIS) have been deployed solely or in combination with Multi-Criteria Decision-Making
(MCDM) methods within a large number of investigations related to either WFs’ [7-23] or
PVEFs’ [24-40] siting, aiming to address the corresponding multidimensional siting prob-
lem. The necessity of deploying GIS as a tool for the investigation of land suitability for
single wind turbines or for the proper PV deployment, land use management, and de-
tailed energy planning is also highlighted in [41] and [42], respectively. However, studies
developing an integrated methodological approach for the simultaneous determination
of suitable sites for both WFs and PVFs either at different areas for each RET (isolated WFs
and PVFs) or at common sites (colocated WFs and PVFs) are quite rare [43—46]. In partic-
ular, Ali et al. [43], by combining GIS with the Analytical Hierarchy Process (AHP) and
Local Experts’ (LEs) opinion, investigated the existence of suitable areas for the siting of
isolated WFs and PVFs in the Songkhla Province in Thailand, and they provided im-
portant insights for the siting of the aforementioned RETs on regional scale. A combina-
tion of GIS with AHP has been also applied in [45] to assess the suitability of the land in
South Central England for installing isolated WFs and PVFs on regional scale. In [44], the
author developed a multi-criteria GIS-based approach for the determination of suitable
areas for isolated WFs’ and PVEFs’ siting in Colorado State, the United States (i.e., on re-
gional scale). Finally, a site-selection methodology based on the combination of GIS with
AHP has been developed in [46] to determine the most suitable sites for the siting of iso-
lated and colocated WFs and PVFs on regional scale and, more specifically, in Tehran,
Iran. In Israel, however, there exists no study focusing on the sustainable site-selection of
WEFs and/or PVFs on any spatial scale.
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The present paper focuses on the development of an innovative Sustainable Spatial
Energy Planning (SSEP) methodological framework for Israel in order to identify and pri-
oritize on national scale appropriate, technically and economically feasible, environmen-
tally sustainable as well as socially acceptable sites for the siting of large-scale isolated
and/or colocated onshore WFs and PVFs in the country. The proposed holistic framework
consists of distinctive steps allocated in two successive modules (the Planning and the
Field Investigation module), and it covers all relevant dimensions of a sustainable siting
analysis (social, economic, and environmental). Aiming at filling research gaps existing
nowadays in the site-selection processes of RETs, generally, the present SSEP framework
advances a collaborative and participatory planning approach by combining spatial plan-
ning tools (GIS) and MCDM methods with versatile participatory planning techniques, in
order to consider the opinion of three different participatory groups (Local Public (LP),
LEs, and RE Planners (REPs)) within the site-selection processes. Moreover, it facilitates
verification of GIS results by conducting appropriate field observations. Initially, within
the Planning module, the required Siting Criteria (S5C) for each examined RET related to
economic, technical, environmental, societal, political, and legal factors are defined. All
relevant spatial data are collected and digitized and a RES database including relevant
thematic maps is developed in GIS to illustrate the spatial dimension of each SC. Suitable
areas for WFs and PVFs are, then, determined by: (i) utilizing specific SC that represent
spatial constraints for each examined RET and (ii) incorporating the LP and the LEs’ opin-
ion in the formation of the exclusion limits based on questionnaire surveys and suitable
statistical analysis. Next, for each examined RET, the Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) is applied and three different Suitability Index (SI)
maps are created by taking into account the relevant importance of each Assessment Cri-
terion (AC) in accordance with: (i) the LP view and concerns, (ii) the LEs” knowledge and
experience, as well as (iii) the REPs” expertise. For prioritizing the AC, the social-choice
method Borda Count (BC) [47] is utilized in the case of the LP participation, while the
AHP method, suitable for including experts” opinion in decision-making processes of RES
[45], is applied for both LEs” and REPs’ participation. The most highly suitable sites, as
obtained from the Planning module, are, finally, further examined by performing direct
field observations or by utilizing Google Earth Pro software in case of inaccessible loca-
tions (Field Investigation module). The final outcome of the proposed SSEP includes a set
of highly suitable, accepted by LP, LEs, and REPs, and field verified, sites for the deploy-
ment of large-scale isolated and/or colocated onshore WFs and PVFs on national scale.

The remainder of the article is structured as follows. Section 2 briefly presents the
proposed SSEP framework, while in Sections 3 and 4, the Planning and the Field Investi-
gation module are described in detail, respectively. The results of the present paper are
presented and discussed in Section 5, while, finally, in Section 6, the concluding remarks
and key findings of this investigation are cited.

2. Overview of the Sustainable Spatial Energy Planning Framework

In order to identify the most appropriate, technically/economically feasible, environ-
mentally sustainable and socially acceptable site solutions for the deployment of large-
scale WFs and PVFs in Israel, the SSEP framework shown in Figure 1 is developed and
applied.
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Figure 1. Proposed Sustainable Spatial Energy Planning (SSEP) framework for large-scale Wind Farms’ (WFs’) and Pho-

tovoltaic Farms’ (PVFs’) site-selection in Israel.

The proposed SSEP framework corresponds to a well-structured collaborative and
participatory planning approach and it consists of six distinctive, successive steps allo-
cated into two modules: the Planning module and the Field Investigation module. The
Planning module aims at determining the suitability of the potential sites and it includes
five steps (Steps 1-5, Figure 1). Specifically, in Step 1, the SC are defined and all required
geographic information data are collected/digitized based on the special characteristics of
the study area (Israel), the special siting requirements of each RET, and the REPs’ exper-
tise. Next, in Step 2, a RES GIS database is developed for configuring and illustrating in
the form of thematic maps, the spatial dimension of each SC in a GIS environment. Step 3
follows, which is related to the LP and LE participation within the site-selection process
and, more specifically, in the formation of the SC exclusion limits and the prioritization of
the AC. The next step (Step 4) includes the identification of appropriate sites. This is
achieved by eliminating all unsuitable areas based on specific SC and by considering the
LP and the LEs’ opinion. Finally, in Step 5, the suitability of the potential sites is deter-
mined, and three different SI maps are developed in accordance with: (i) LP view and
concerns, (ii) LEs” knowledge and experience as well as, (iii) REPs” expertise. The most
highly suitable sites obtained from the Planning module, are then considered as input in
the Field Investigation module (Step 6 of the SSEP framework, Figure 1), aiming at veri-
fying the corresponding GIS results based on field observations. In this way, a set of highly
suitable, accepted by LP, LEs, and REPs, and field verified sites for the deployment of
large-scale onshore WFs and PVFs in Israel on national scale is obtained. This set repre-
sents the overall output of the proposed SSEP. It is noted that the proposed framework
could be implemented by a group of REPs, which in the present investigation is assumed
to include the authors of the paper. In the following sections, the modules and the steps
of the proposed SSEP framework are described thoroughly.

3. The Planning Module
3.1. Definition of SC and Data Collection/Digitization (Step 1)
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In Step 1, the SC for WFs and PVFs are initially defined based on the special charac-
teristics and the policies of the study area, the available analog or digital geographic in-
formation data, the special siting requirements of each RET, and the expertise of the REPs.
These criteria enable to identify and analyze spatially the environmental, economic, tech-
nical, political, social, and legal characteristics of the study area. For each of the examined
RET, eighteen (18) SC have been taken into account, denoted hereafter as WSC for WFs
and SSC for PVFs (Table 1). Detailed description of the WSC and the SSC is given in Ap-
pendix A. All relevant required geographic information data were collected from various
sources (i.e., national institutes, services, and official international and national digital da-
tabases providing officially approved cartographic data), they were appropriately pro-
cessed and Geographic Information Datasets (GIDs) were finally obtained (Table 1) by
deploying GIS. It is noted that 10-year or 11-year suitable statistical analysis has been also
conducted to obtain the final data of some essential SC (e.g., SSC.1 and SSC.2).

3.2. Development of a RES GIS Database (Step 2)

In Step 2, a RES GIS database including relevant thematic maps was developed in
GIS in order to: (a) illustrate the spatial dimension of each SC and, hence, (b) support the
implementation of the remaining SSEP steps by facilitating the assessment of the positive
or the negative spatial impact of each SC on the WFs’ and PVFs’ site-selection processes
in Israel. For this development, the national legal restrictions resulted from all existing
relevant policies [48-51] have been taken into account.

Table 1. Siting Criteria (5C), Geographic Information Datasets (GIDs), data processes, and sources employed in the present

work.
SC No. SC Name GID No. Data Process(es)  Data Source(s)
WSC.1 Wind Velocity GID.1 Preprocessing [52]
SSC.1 Global Horizontal Irradiance (GHI) GID.2 Digitization [53]
SSC.2 Average Maximum Temperature GID.3 Digitization [54]
WSC.2/SSC.3 Slope of Terrain GID.4 Preprocessing (55]
WSC.3/SSC.4 Elevation GID.4
WSC.4/SSC.5 Military Zones GID.5
WSC.7/SSC.8  Distance from the Existing High-Voltage Electricity Grid GID.5 Collection [56-58]
WSC.12/SSC.13 Distance from Mineral Extraction Sites/ Quarrying GID.5
WSC.5/SSC.6 Distance from the Existing Road Network GID.6
WSC.6/SSC.7 Distance from Railways Network GID.6
WSC.10/SSC.11 Landscape Protection/Visual and Acoustic Disturbance GID.6 Collection and [57-60]
WSC.11/SSC.12 Distance from Touristic Zones GID.6 Digitization
WSC.13/SSC.14 Distance from Economic Activities GID.6
WSC.14/SSC.15  Distance from Archaeological, Historical, Cultural Areas GID.6
WSC.8/SSC.9 Distance from Land Protected Areas, GID.7 Collection [61]
WSC.17 Distance from Important Bird Areas GID.7
WSC.9/SSC.10 Distance from Civil and Military Aviation Areas GID.8 Digitization [60,62,63]
WSC.15/SSC.16 Distance from Water Areas GID.9 Collection and [58,60]
Digitization
. . Collection and
WSC.16/SSC.17 Distance from Coastline GID.10 o [60,64]
Digitization
WSC.18/SSC.18 Farm Minimum Required Area GID.11 Preprocessing -

3.3. Local Public and Local Experts’ Participation in the Site-Selection Processes (Step 3)

For implementing Step 3, two participatory techniques have been developed (Figure
2) in accordance with each group (LP and LE) facilitating these two groups’ efficient in-
volvement within the site-selection processes and, more specifically, in Step 4 and Step 5
of the proposed SSEP framework (Figure 1). The first technique (Figure 2a) corresponds
to a public participatory technique, and it is based on the utilization of a well-structured
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questionnaire, where focus is given on essential social SC, while the AC are prioritized in
accordance with the principles of the BC method. The second one (Figure 2b) corresponds
to an experts’ participatory technique. It is based on the deployment of a well-structured
questionnaire, where, contrary to the LP questionnaire, focus is given on essential eco-
nomic, technical, environmental, and political SC, while the AC are prioritized in accord-
ance with the principles of the AHP method. Details about these two techniques are given
in the sections that follow.

Local Public Local Experts

Demographic
information

Demographic
information

principles

principles about RE about RE

o ]
= g % g
ryllP [} ryliFY

'g Prioritize Articulate 8 2 Prioritize Articulate 8
& AC based RE views and — ;ﬂ” AC based RE views and b
| on the BC Planners concerns ;:U = on the AHP Planners concerns ?
8 =2 13) °

- = Q ]
) = &

Form exclusion
limits

Form exclusion
limits

Local Public Local Experts

(@) (b)

Figure 2. Schematic view of the participatory techniques developed and applied in the present
site-selection processes for: (a) Local Public (LP) and (b) Local Experts (LEs).

3.3.1. Local Public Participation in the Site-Selection Processes

The questionnaire for the LP has been structured into four main sections. The first
section was devoted to the collection of demographic information of the participants (e.g.,
gender, age, education, and professional occupation related or not to RE), while the sec-
ond section focused on the LP opinion about the deployment of RET for electricity gener-
ation (e.g., types of RETs that the LP recommends for the RES exploitation in Israel). The
third section of the LP questionnaire included questions related to the site-selection for
both examined RETs (i.e., exclusion limits for essential social SC, such as “the most appro-
priate distance of WFs and PVFs from residential areas”). Finally, in the fourth section of
the LP questionnaire, the participants were asked to prioritize 12 AC for the deployment
of isolated WFs and PVFs based on their own different preferences. This prioritization
was achieved according to the principles of the BC method. BC represents a social choice
method that is generated by a large group of people for decision-making purposes, and it
is characterized by anonymity, neutrality, and consistency [47]. In the BC social choice
method, the participants of the decision-making issue rank the alternatives (the AC in our
case) in order of their preference. Once all the responses have been obtained, the prefer-
ence order can be determined.

In the present study, 200 fully-completed questionnaires have been obtained by the
LP from all over Israel (North, Central and South part). This geographic segmentation
enabled to investigate potential different policy orientations on the siting problem of WFs
and PVFs driven by quite different geographic locations. The results of the LP question-
naire survey have been appropriately processed by performing statistical and correlation
analysis using the built-in tools of the SPSS software. In this way, essential insights related
to the deployment of WFs and PVFs in Israel based on the LP views and concerns have
been revealed. Moreover, the overall, among all LP participants, exclusion limits for social
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SC have been obtained as well as the overall relevant importance (i.e., relevant weights)
of the AC with respect to the goal of the examined decision-making problems (siting of
WFs or PVFs).

3.3.2. Local Experts’ Participation in the Site-Selection Processes

In the case of the LEs, the relevant questionnaire has been again structured into four
main sections similar with those of the LP questionnaire. However, the questions in the
third section of the LEs” questionnaire were related to the definition of exclusion limits for
essential economic, technical, environmental, and political SC (e.g., WSC.1, SSC.1, and
WSC.2/SSC.3 in Table 1), while, in the fourth section of the LEs’ questionnaire, the partic-
ipants were asked to prioritize the 12 AC in accordance with the principles of the AHP
method [65,66]. In that respect, each LE performed pairwise comparisons between the AC
and quantified the relative importance of each AC with respect to the goal (siting of WFs
and PVFs) by deploying the fundamental nine point’s scale of the AHP. The correspond-
ing results were further processed to obtain the relative weights of the compared criteria
and, thus, to form the priority vector. The robustness of the pairwise comparisons was
assessed by calculating the consistency index and the consistency ratio [67]. The overall,
among all participating LEs, priority vector has been calculated by employing the aggre-
gating individual priorities technique (i.e., aggregation of all the individual priorities)
[68,69], since in the present investigation, each LE acts as an independent individual.

The LEs’ group involved in the present study consisted of 4 LEs (doctoral researchers,
senior managers, and professional engineers in RE) from universities and companies from
all over Israel, carefully selected, considering their background on the siting of WFs and/or
PVFs. These LEs quantified the exclusion limits of several essential SC and prioritized the
AC based on their own high experience, high-level of knowledge on the local climatic
conditions, and on the special characteristics of the study area, as well as the availability
of the land in Israel. It is noted that the number of LEs participated in the present work is
a bit larger compared to other previous relevant studies, where the opinion of one [23] or
two [17] or three [26] experts was taken into account.

3.4. Determination of Appropriate Sites (Step 4)

In Step 4, areas unsuitable for the siting of WFs and PVFs are identified and excluded
from further analysis. Hence, appropriate sites for the potential deployment of the afore-
mentioned RETs are, finally, determined. Unsuitable areas are identified by employing
the SC thematic maps of the RES GIS database developed in Step 2 along with the exclu-
sion limits of essential SC as resulted from the LP and LEs’ questionnaire surveys in Step
3. The SC along with their siting aspect and their incompatibility zones for the case of WFs
and PVFs are shown in Table 2 and Table 3, respectively. For determining unsuitable ar-
eas, two linear geoprocessing models (one for the WFs” and one for the PVFs’ site-selec-
tion) have been created, edited and managed by building all required geoprocessing
workflows in a GIS environment.
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Table 2. Siting Criteria (SC) and their incompatibility zones for large-scale Wind Farms’ (WFs’) site-selection.

No. Siting Criterion Siting Aspect Unsuitable Land Areas
WSC.1 Wind Velocity Economic <5.0 m/s
WSC.2 Slope of Terrain Economic/Technical >20%
WSC.3 Elevation Technical/Environmental >2000 m
WSC.4 Military Zones Political All
WSC.5 Distance from the Existing Road Network Economic/Technical/Social <150 m and >10,000 m
WSC.6 Distance from the Existing Railways Network Technical/Social <150 m
WSC.7 Distance from the Existiéfcll—ligh—VOItage Electricity Economic/Technical <150 m and 530,000 m
i
WSC.8 Distance from Land Protected Areas Environmental <500 m (environmental protected areas)
WSC.9 Distance from Civil and Military Aviation Areas Political/Technical <2500 m
WSC.10  Landscape Protection/Visual and Acoustic Disturbance Social/Legal <1900 m (urban ‘tmd resm.lentlal areas)
<920 m (solitary residences)
WSC.11 Distance from Touristic Zones Social/Economic <1100 m
WSC.12 Distance from Mineral Extraction Sites/Quarrying Technical/Restrictive <100 m
WSC.13 Distance from Economic Activities Social/Technical <500 m
WSC.14 Distance from Archaeological, Historical and Cultural Social/Political <1000 m (WHS)
Areas <500 m (rest cultural areas)
WSC.15 Distance from Water Areas Environmental/Social <100 m
WSC.16 Distance from Coastline Environmental/Social <500 m
WSC.17 Distance from Important Bird Areas Environmental <500 m
WSC.18 Farm Required Area Economic <2,500,000 m2

Table 3. Siting Criteria (5C) and their incompatibility zones for large-scale Photovoltaic Farms’ (PVFs’) site-selection.

No. Siting Criterion Siting Aspect Unsuitable Land Areas
SSC.1 GHI Economic <1600 kWh/m?/year
SSC.2 Average Maximum Temperature Economic/Technical >40 °C
SSC.3 Slope of Terrain Economic/Technical >5%
SSC.4 Elevation Technical/Environmental >2000 m
SSC.5 Military Zones Political All
SSC.6 Distance from the Existing Road Network Economic/Technical/Social <150 m and >10,000 m
SSC.7 Distance from the Existing Railways Network Technical/Social <150 m
SSC.8 Distance from the Existing High-Voltage Electricity Grid Economic/Technical <150 m and >30,000 m
SSC.9 Distance from Land Protected Areas Environmental <500 m (environmental protected areas)
SSC.10 Distance from Civil and Military Aviation Areas Political/Technical <1000 m
SSC.11 Landscape Protection/Visual and Acoustic Disturbance Social/Legal <800 m (urban a'nd res1d.ent1al areas)
<120 m (solitary residences)
SSC.12 Distance from Touristic Zones Social/Economic <500 m
SSC.13 Distance from Mineral Extraction Sites/Quarrying Technical/Restrictive <100 m
SSC.14 Distance from Economic Activities Social/Technical <500 m (no buffer from Industrial Zones)
SSC.15 Distance from Archaeological, Historical and Cultural Social/Political <1000 m (WHS)
Areas <500 m (rest cultural areas)
SSC.16 Distance from Water Areas Environmental/Social <100 m
SSC.17 Distance from Coastline Environmental/Social <500 m
SSC.18 Farm Required Area Economic <5,000,000 m?

3.5. Determination of SI of the Appropriate Sites (Step 5)

3.5.1. Definition of AC

In order to prioritize the appropriate areas for large-scale WFs” and PVFs’ siting, 12
AC have been defined (hereafter called WAC and SAC for wind and solar energy exploi-
tation, respectively). Specifically, in the case of WFs, the appropriate areas resulting from
Step 4 are assessed and prioritized according to the following 12 WAC: wind velocity
(WAC.1), slope of terrain (WAC.2), proximity to road network (WAC.3), proximity to
high-voltage electricity grid (WAC.4), distance from land protected areas (WAC.5), dis-
tance from important birds areas (WAC.6), distance from touristic zones (WAC.7), dis-
tance from archaeological, historical, and cultural areas (WAC.8), land use (WAC.9), prox-
imity to areas with high population (WAC.10), wind energy potential (WAC.11), and vis-
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ibility from the residential areas (WAC.12). As for PVFs, the appropriate land areas result-
ing from Step 4 are assessed and prioritized according to the following 12 SAC: GHI
(SAC.1), average maximum temperature (SAC.2), slope of terrain (SAC.3), proximity to
road network (SAC.4), proximity to high-voltage electricity grid (SAC.5), distance from
land protected areas (SAC.6), distance from touristic zones (SAC.7), distance from archae-
ological, historical, and cultural areas (SAC.8), land use (SAC.9), proximity to areas with
high population (SAC.10), solar energy potential (SAC.11), and land aspect (SAC.12). The
criteria that are introduced for the first time in this paper as AC, are described in Appendix
B.

3.5.2. Inclusion of AC Importance by Each Participatory Group

The prioritization of the AC in the WFs’ and the PVFs’ site suitability analysis was
made according to the outcome of the LP and the LEs" questionnaire surveys (Step 3 of
the proposed SSEP framework) as previously described in Section 3.3. Additionally, to
these two groups, the relevant importance of the AC has been also quantified by the au-
thors of this paper (herein refereed as REPs) based on their own expertise in spatial and
RE planning. This quantification was implemented in accordance with the principles of
the AHP method as in the case of the LEs’ group. It is noted that the different backgrounds
of the three participating groups may reflect different policy orientations of the examined
RE siting problems. Thus, the complexity of such critical planning issues can be revealed.
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Figure 3. Relevant importance (%) of (a) Wind Assessment Criteria (WAC) and (b) Solar Assess-
ment Criteria (SAC) based on Local Public (LP), Local Experts” (LEs’), and Renewable Energy
Planners’ (REPs’) opinion.

Based on all the above, Figure 3 shows the relevant importance (%) of the WAC and
SAC as obtained from the LP, the LEs, and the REPs. Compared to LEs and REPs, the LP
emphasizes mostly on the importance of the social and environmental aspects of the pre-
sent site-selection processes, since the results of the LP questionnaire survey led to the
largest relevant weights for WAC.10, WAC.9, WAC.12, WAC.6, and WAC.8 and for
SAC.6,5AC.10, SAC.9, and SAC.8, among all three participatory groups. At the same time,
however, the LP seems to acknowledge the importance of the existence of high wind ve-
locity and GHI in the potential sites, since for this group, large relevant weights have been
also obtained for WAC.1 and SAC.1. Comparing the LEs’ results with those of the REPs,
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it can be concluded that REPs follow a clear technoeconomic policy orientation of the sit-
ing issue, whereas LEs focus mostly on both economic and environmental AC. Finally, all
three participatory groups provide the smallest weight to WAC.7 and SAC.7.

3.5.3. Site Suitability Analysis

Having defined and prioritized the AC, site suitability analysis of the appropriate
sites of Step 4 is implemented. This is achieved by utilizing the TOPSIS method [70,71].
More specifically, the values of each AC are, initially, expressed into a common and ob-
jective SI scale by deploying a 10-point suitability scale. Table 4 shows indicatively the
suitability classification of 4 essential WAC and SAC. Next, an m x n initial decision matrix
is established, where m represents the number of alternative sites and #, the number of
AC. The normalization of this matrix follows. The relative weights of the AC as obtained
from the application of the BC or the AHP method (depending upon the participatory
group) are then taken into account in order to estimate a weighted normalized decision
matrix. The prioritization of the sites and the determination of an initial SI follows. Lastly,
the 10-point suitability scale is deployed to determine the final SI and the corresponding
results are incorporated in GIS for illustrating the spatial suitability allocation of the pro-
posed sites. In the present work, for each examined RET, three site suitability analyses
have been implemented, taking into account the opinion of each participatory group sep-
arately. In this way, different potential site-selection plans for the sustainable deployment
of WFs and PVFs in Israel can be realized.

Table 4. Suitability scaling of essential Wind Assessment Criteria (WAC) and Solar Assessment
Criteria (SAC).

AC Suitability Scaling

2 4 6 8 10

WAC.1 (m/s) 5-6 67 7-8 89 >9

WAC.2 (%) - 15-20 10-15 5-10 0-5
WAC.4 (km) 20-30 15-20 10-15 5-10 0.15-5

WAC.6 (km) 0.5-1 1-2 2-3 34 >4

SAC.1 (kWh/m?/year) - 1816-2026 2026-2105 2105-2187 2187-2303

SAC.2 (°C) 28-29 27-28 26-27 25-26 <25

SAC.3 (%) - 4-5 3-4 2-3 0-2
SAC.5 (km) 20-30 15-20 10-15 5-10 0.15-5

4. The Field Investigation Module (Step 6)

In the Field Investigation module (Figure 1), the sites identified in Step 5 to have high
suitability (SI equal or higher than 6.0) for the siting of large-scale WFs and PVFs are se-
lected in order to verify the corresponding GIS results by performing field observations.
For achieving this, the workflow shown in Figure 4 is deployed. Initially, the precise loca-
tion of the site under investigation is determined based on the coordinates available from
the GIS results. Next, the site availability (i.e., no land use conflicts) is examined in the
field, while, moreover, the accuracy of the determined in GIS geographic boundaries of
the site is validated. The inspection of the site characteristics (e.g., land use, proximity to
road network, etc.) follows along with the identification of special site-specific character-
istics, which cannot be recognized in GIS (e.g., land occupation restrictions). Having im-
plemented all the above, the field data are compared with the corresponding GIS results.
If these data/results agree well, the SI calculated in the Planning module does not require
any update, the examined site is characterized as “field verified,” and it is, thus, consid-
ered as an element of the overall output of the proposed SSEP. The opposite holds true in
cases, where the agreement between the field data and the GIS results is not adequate. It
is noted that for inaccessible locations, where direct field observations/on-site analysis
cannot be realized, Google Earth Pro software is alternatively deployed as shown in Fig-
ure 4. This tool is also employed to verify the slope of terrain and the elevation of the
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examined sites. Table 5 shows the site characteristics examined in the present investiga-
tion by direct field observations and/or by deploying the Google Earth Pro software.

Precise location Is the site under
(coordinates) determination investigation Google Earth Pro
of the site using GIS accesible? NO

¢ YES

Direct field observations/
on-site analysis

( Examination of site availability )

Validation of the accuracy of the
site’s geographic boundaries

A

( Inspection of site characteritics )

specific characteristics (not

Identification of any special site-
recognized a priory in GIS)

Corresponding GIS .
results r*Fleld/Google Earth Pro data

/ Good agreement? /
1
v YES NO y
Field verified site with SI as Non-field verified site -
resulted from the Planning module SI calculated in the Planning
+ module requires further revisions

Inclusion of the site in the overall
output of the proposed SSEP

Figure 4. Workflow followed for the realization of the Field Investigation module (Step 6 of the
proposed SSEP).

Table 5. Site characteristics examined in the present investigation within the Field Investigation
module.

Site Characteristic Field Investigation Process
Land use On-site analysis
Distance from residential areas On-site analysis and Google Earth Pro
Geographic boundaries and shape of the site On-site analysis and Google Earth Pro
Proximity to road network On-site analysis and Google Earth Pro
Slope of terrain Google Earth Pro
Elevation Google Earth Pro
Important bird areas On-site analysis
Environmental protected areas On-site analysis and Google Earth Pro
Touristic zones On-site analysis
Archaeological, historical, and cultural areas On-site analysis and Google Earth Pro
Land occupation On-site analysis and Google Earth Pro

5. Results and Discussion
5.1. Creation of SC Thematic Maps

Numerous thematic maps were created to depict the spatial dimension of SC in WFs’
and PVFs’ site-selection processes.

Indicatively, Figure 5a,b includes the thematic maps of WSC.1 (wind velocity at 100
m height above the ground level, 10-year analysis) and of SSC.1 (GHI, 11-year analysis),
respectively, while the thematic maps of WSC.2/SSC.3 (slope of terrain) and of
WSC.8/SSC.9 (distance from land protected areas) along with WSC.17 (distance from im-
portant bird areas) are shown in Figure 6a,b, respectively.
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Figure 5. Thematic maps of (a) Wind Velocity (WSC.1) and (b) Global Horizontal Irradiance (GHI)
(SSC.1) as defined in Table 1.
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Figure 6. Thematic maps of (a) Slope of Terrain (WSC.2/SSC.3) and (b) Distance from Land Pro-

tected Areas (WSC.8/SSC.9) and Distance from Importance Bird Areas (WSC.17) as defined in Ta-

ble 1.

5.2. Insights from the Local Public Participatory Process
LP participation in the examined WFs and PVFs site-selection processes revealed val-
uable insights for the proper management of the LP prospective negative reactions to the

RETs” deployment in the country of Israel.

As shown in Figure 7, most citizens (87.5%) supported the development of both RETs
in Israel, whereas 12.5% of the citizens participating in the LP questionnaire survey ex-
pressed a negative attitude towards the deployment of Wind Turbines (WTs). The latter
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percentage corresponds to citizens who mainly live in the Northern part of Israel, near to
either existing or planned WFs' sites. The observed opposition against WTs was attributed
to (in descending order, Figure 7): (a) landscape and visual disturbance (LVD), (b) bird
collision and disturbance of wildlife habitat (BCDWH), (c) environmental impact (EI), (d)
lack of high wind energy potential (NHWEP) in the country, (e) acoustic disturbance
(AD), and (f) safety reasons (SR). It should be mentioned that the existing WFs in Israel
do not comply with the restrictions of the proposed in this paper SSEP. Therefore, this
could further feed their negative feelings of WFs’ deployment in Israel.

Il North
B south

Central

[ | Support of both RETs B ~No support of WTs

LVD 76%
I, s

o LVD: landscape & visual disturbance

R 16 BCDWH: bird collision & disturbance
16% of wildlife habitat

D ° EL: environmental impact
NHWEP: lack of high wind energy potential

SR 12% AD: acoustic disturbance

L SR: safety reasons

Figure 7. Local Public (LP) views (%) on Renewable Energy Technologies (RETs) per geographic segment and causes of
negative reactions towards WTs’ deployment in Israel.

Most citizens suggested the deployment of PV projects at all construction scales (Fig-
ure 8a). However, as shown in Figure 8b, large-scale projects were popular in the Southern
part of Israel (55%), since they can produce larger amounts of electricity and potentially
cover the energy needs of a larger part of the population. On the other hand, small-scale
projects were popular in both North and Central Israel (48.6% and 40%, respectively), due
to low land availability in these parts of the country.

T T
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Figure 8. Local Public (LP) preferences (%) on Photovoltaic (PV) projects: (a) per construction scale
and (b) per both construction scale and geographic segment.

Finally, the results of the LP questionnaire survey indicated that “Public Participa-
tion” (PP) and “Appropriate Sites” (AS) correspond to two very important aspects in
RETSs' site-selection processes (Figure 9). The high importance of participation highlighted
in the present investigation is also in line with previous studies, which acknowledge that
PP is crucial for the acceptance of wind energy projects [72-74].
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Figure 9. Local Public (LP) views (%) on the importance of Public Participation (PP) in the RETs’
site-selection processes and of Appropriate Sites (AS) for RETs.

5.3. Determination of Appropriate Sites

Numerous sites for WFs’” and PVFs’ deployment (203 and 1396, respectively) were
identified by superimposing the thematic maps related to exclusion criteria (Table 3 and
Table 4). Wind Appropriate Sites (WAS) less than 2.5 km? and Solar Appropriate Sites
(SAS) less than 5 km? were further excluded from the analysis. Hence, 24 WAS of 160.80
km? total surface area and 87 SAS of 742 km? total surface area were finally considered
appropriate for the potential siting of large-scale WFs and PVFs projects, respectively.

5.4. Site Suitability Analyses’ Results

Table 6 presents the results of the six site suitability analyses implemented in the last
step of the Planning module, where, the SI values are classified into three classes: low
suitability (0.01-3.99), moderate suitability (4.00-5.99), and high suitability (6.00-10.00).
Each land SI reveals the suitability of the potential sites for the considered RETs and vis-
ualizes their spatial allocation on the final suitability maps (Figures 10-12).

Table 6. Suitability analyses results using Geographic Information Systems (GIS) (final results of the Planning module).

Sultablhlg;Analysns RET Participatory Group Suitability Class Suitability
High Suitability 2 WAS (11.12%)
1 WT LP Moderate Suitability 11 WAS (53.59%)
Low Suitability 11 WAS (35.29%)
High Suitability 1 WAS (7.25%)
2 WT LEs Moderate Suitability 7 WAS (47.49%)
Low Suitability 16 WAS (45.26%)
High Suitability 2 WAS (9.73%)
3 WT REPs Moderate Suitability 8 WAS (51.70%)
Low Suitability 14 WAS (38.57%)
High Suitability 8 SAS (10.49%)
4 PV LP Moderate Suitability 63 SAS (72.82%)
Low Suitability 16 SAS (16.69%)
High Suitability 16 SAS (19.53%)
5 PV LEs Moderate Suitability 54 SAS (63.29%)
Low Suitability 17 SAS (17.18%)
High Suitability 28 SAS (35.17%)
6 PV REPs Moderate Suitability 47 SAS (51.85%)

Low Suitability

12 SAS (12.98%)
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Figure 10. Suitability Index (SI) spatial allocation based on Local Public (LP) for (a) Wind Appropriate Sites (WAS) and
(b) Solar Appropriate Sites (SAS).

The results of the WFs’ site suitability analyses (Table 6) demonstrate that the highest
suitability of the potential sites is obtained by considering the LP opinion (2 and 11 WAS
with high and moderate suitability, respectively). On the other hand, REPs opinion deter-
mined the potential PVFs’ sites with the highest suitability (28 and 47 SAS with high and
moderate suitability, respectively). As for the WAS and SAS spatial suitability allocation,
Figures 10-12 show the corresponding suitability maps according to LP views and con-
cerns, LEs” knowledge and experience and REPs” expertise, respectively. It is noted that
some sites were identified suitable for the deployment of both RETs (e.g.,, WAS.2 and
SAS.1).
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Figure 11. Suitability Index (SI) spatial allocation based on Local Experts (LEs) for: (a) Wind Appropriate Sites (WAS) and
(b) Solar Appropriate Sites (SAS).
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Figure 12. Suitability Index (SI) spatial allocation based on Renewable Energy Planners (REPs) for (a) Wind Appropriate
Sites (WAS) and (b) Solar Appropriate Sites (SAS).

Finally, Table 7 shows the WAS (SI > 6.0) and SAS (SI > 7.0) selected to be further
examined in the Field Investigation module. In this table, the area and the SI of the sites
along with the corresponding participatory group that lead to this SI are also included.

Table 7. Wind Appropriate Sites (WAS) and Solar Appropriate Sites (SAS) selected to be examined
in the Field Investigation module.

No. Participatory Group Area (km?) SI Value élcgordlng to
WAS.1 LP 12.32 6.32
WAS.2 LP 5.57 6.32
WAS.3 LEs, REPs 11.66 7.09,7.54
WAS.4 REPs 3.98 6.01

SAS.1 LP, LEs 6.67 8.06,7.20
SAS.2 LP 6.25 7.26
SAS.3 LP 7.85 7.15
SAS.4 REPs 8.66 8.18
SAS.5 REPs 5.14 7.37
SAS.6 REPs 7.99 7.33
SAS.7 REPs 5.21 7.19
SAS.8 REPs 14.04 7.18

5.5. Field Investigation Results

The further assessment of WAS.1-WAS.4 and SAS.1-SAS.2 (Table 7) within the Field
Investigation module was implemented by performing on-site analysis/direct field obser-
vations. However, for SAS.3-SAS.8 Google Earth Pro was deployed, since those sites were
not accessible. Table 8 shows the main field investigation results.
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Table 8. Field investigation results.

Site No. Main Field Agreement between Field Existence of Special Requirement for  Field Verified
Investigation Process Data and GIS Results  Site-Specific Characteristics SI Update Site
WAS.1 On-site analysis Very good Yes Yes No
WAS.2 On-site analysis Very good Yes Yes No
WAS.3 On-site analysis Very good Yes No Yes
WAS.4 On-site analysis Very good Yes No Yes
SAS.1 On-site analysis Very good Yes Yes No
SAS.2 On-site analysis Very good No No Yes
SAS.3 Google Earth Pro Very good Yes No Yes
SAS.4 Google Earth Pro Very good No No Yes
SAS.5 Google Earth Pro Very good No No Yes
SAS.6 Google Earth Pro Very good Yes No Yes
SAS.7 Google Earth Pro Very good No No Yes
SAS.8 Google Earth Pro Very good No No Yes

For all examined sites, GIS results were in a very good agreement with the corre-
sponding field investigation data, proving the high credibility of the present GIS site-se-
lection analysis. In addition, the field investigation verified the prioritization of the above
sites. The special site-specific characteristics identified, included, but not limited to, the
following: (a) land occupation restrictions, (b) indigenous villages that are unrecognized
by the Israeli government (i.e., Bedouin villages), (c) abandon and semiruined buildings,
and (d) existing PV installations (apart from large-scale projects) on SAS geographic
boundaries. The final characterization of each examined site as “field verified” was im-
plemented by considering the importance of the identified site-specific characteristics in
terms of their impact on the realization of the projects. Within this context, 2 WAS and 7
SAS were characterized as “field verified” sites having an SI as resulted from the Planning
module (Table 7) and, thus, they form the overall output of the proposed SSEP in the case
of Israel. The remaining three sites (i.e., WAS.1, WAS.2, and SAS.1) corresponding to
“non-field verified” sites, require an adequate update of their SI, since their site-specific
characteristics (e.g., land occupation restrictions and indigenous villages that are unrec-
ognized by the Israeli government (Bedouin villages)) have been considered to affect in a
great extend the potential deployment of large-scale WFs or PVFs.

6. Conclusions

In the present work, we develop an innovative SSEP framework to identify and pri-
oritize appropriate, technically and economically feasible, environmentally sustainable,
as well as socially acceptable, siting solutions of large-scale WF and PVF projects at na-
tional scale. Spatial planning tools (GIS) and multi-criteria decision-making methods
(AHP and TOPSIS) were combined with versatile participatory planning techniques, to
actively involve three different participatory groups (LP, LEs, and REPs) into the site-se-
lection processes. A field investigation procedure was introduced, for the first time, to
verify the GIS suitability analysis results by performing direct field observations/on-site
analysis, or by deploying alternative tools, such as Google Earth Pro, for sites that were
inaccessible.

The proposed site-selection methodological framework was applied in Israel. Thirty
criteria (SC and AC), corresponding to several economic, technical, environmental, socie-
tal, political, and legal aspects were employed for the WFs” and PVFs’ siting. The final
outcome of the proposed framework was the identification of two WAS (WAS.3 and
WAS.4) situated in the North Israel and seven SAS (SAS.2-SAS.8) situated in the Central
and the South Israel with high suitability for RES exploitation in Israel. The above sites
were accepted by all participatory groups and they were verified in the field. Key con-
cluding remarks of the present study can be summarized as follows:
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¢  An extremely high, unexploited up to now, solar energy potential in Israel has been
highlighted.

e  The citizens’ negative attitude towards the deployment of wind energy projects in
Israel may be related to the fact that the existing nowadays relevant projects in the
country do not comply with the restrictions of the proposed in this paper SSEP.

e  The national RES GIS database developed in the present paper can contribute to an
accelerated development of RES in Israel.

e The involvement of different participatory groups (e.g., experts and public) into the
spatial planning process has revealed the potential to exploit the experts’ high
knowledge and valuable experience by understanding/acknowledging at the same
time the public concerns; hence, the aforementioned involvement can significantly
boost the deployment of wind and solar energy projects.

e  The existence of high suitable sites for large-scale WFs” and PVFs’ siting in Israel il-
lustrates that large-scale RES projects have the potential to contribute effectively to-
wards the fulfillment of the national energy targets in the near future.

e The results of the present paper could be further utilized within the context of creat-
ing a national energy roadmap in Israel.

The proposed methodology includes successive modules and definite steps and can
be applied in several study areas and for various spatial planning scales. It could be also
further extended by integrating drone technologies within the Field Investigation module
in order to identify/map special site-specific characteristics and, thus, update, if necessary,
the SI calculated in GIS. Finally, an ecological impact assessment study should accompany
each proposed project in selected WAS and SAS, since the entire land of Israel is of signif-
icant importance in terms of biological diversity.
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Appendix A

A detailed description of the SC used in the present investigation is cited below.

Wind Velocity (WSC.1): Mean wind velocity at 100 m above the ground level defined
according to LEs” opinion and studies on geographic regions with relevant climatic con-
ditions (e.g., [11]).

GHI (SSC.1): Total amount of direct normal, diffuse horizontal, and ground-reflected
irradiance [24]. An 11-year statistical analysis (2006-2016) was conducted for 292 sites and
GIS interpolation tools were used to estimate GHI spatially on a national scale.

Average Maximum Temperature (§5C.2): The performance of the modules of PV sys-
tems declines in high temperatures [75,76]. Average maximum temperature is selected,
instead of mean temperature [e.g., 24,33,39], due to relatively high temperatures in Israel,
especially during the summer period. A 10-year statistical analysis (2009-2018) of average
maximum air temperature has been conducted for 292 sites and GIS interpolation tools
were used to estimate the average maximum temperature spatially on a national scale.

Slope of Terrain (WSC.2/SSC.3): Slope of terrain affects the project’s investment cost.
Larger slopes lead to larger installation costs.

Elevation (WSC.3/ SSC.4): Sites in high altitudes are avoided for large-scale WFs and
PVFs, since in those altitudes, rare flora and fauna species are commonly grown, while
the road and the electricity grid are frequently inadequate [77].

Military Zones (WSC.4/S5C.5): Land areas officially used by the National Army for
training and other purposes or as firing fields; thus, they cannot be considered for any
other use.

Distance from the Existing Road Network (WSC.5/SSC.6): The distance of a WF or
PVF from the existing road network could affect the construction/maintenance costs and
it could cause adverse effects (e.g., deforestation) in the environment due to road con-
struction [18]. A minimum distance is defined for safety and aesthetic reasons as well as
a maximum threshold for reducing associated costs and environmental concerns.

Distance from the Railways Network (WSC.6/SSC.7): The existing railways network
and a proper buffer zone from it are excluded for safety, technical, and social reasons.

Distance from the Existing High-Voltage Electricity Grid (WSC.7/SSC.8): A proper
safety distance is defined from the national electricity grid to avoid any grid damage dur-
ing WFs” and PVFs’ installation along with a maximum threshold from it to avoid high
construction/installation costs. Connection to the high or extra high-voltage grid is se-
lected, due to risks (e.g., cable destruction due to grid overloading) associated with me-
dium or low voltage grid [78,79].

Distance from Land Protected Areas (WSC.8/SSC.9): Appropriate distance from na-
tional environmental protected areas (i.e., nature reserves and national parks) and na-
tional forests (if necessary) for preserving their environmental importance.

Distance from Civil and Military Aviation Areas (WSC.9/S5C.10): The operation of
WTs disturbs significantly the airports’ surveillance radar signals [43], while the glint
from PV panels can distract pilots’ vision and disturb also airports’ radars if PV panels are
located close to one another [43]. Two different safety distances have been applied from
all civil and military aviation areas (airports, airbases, public, or private airfields) in Israel.

Landscape Protection/Visual and Acoustic Disturbance (WSC.10/SSC.11): Appropri-
ate distance from residential areas and solitary residences contributing to landscape pro-
tection, visual, and acoustic disturbances avoidance and social acceptance.

Distance from Touristic Zones (WSC.11/SSC.12): Appropriate distance from touristic
sites (hotels, guesthouses and observation points, and tourist attractions) to reduce public
concerns towards wind and solar energy.

Distance from Mineral Extraction Sites/Quarrying (WSC.12/55C.13): Appropriate
distance from land areas officially used for mineral extraction/quarrying based on their
low aesthetic value and high energy needs.

Distance from Economic Activities (WSC.13/SSC.14): Appropriate distance from
land areas officially used for industrial and commercial zones.
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Distance from Archaeological, Historical, Cultural Areas (WSC.14/SSC.15): Appro-
priate distance from World Heritage Sites (WHS), nominated and protected by the United
Nations Educational, Scientific and Cultural Organization (UNESCO), archaeological
monuments, museums, historical places, and cultural areas to preserve their histori-
cal/cultural importance.

Distance from Water Areas (WSC.15/SSC.16): Appropriate distance from water bod-
ies, rivers, canals, and streams.

Distance from Coastline (WSC.16/5SC.17): Appropriate distance from the coastline
according to the national legal restrictions [49].

Distance from Important Bird Areas (WSC.17): Appropriate distance from areas
hosting a variety of significant birds for reducing the potential risk of birds’ collision on
the WTs and protecting rare birds’ species.

Farm Minimum Required Area (WSC.18/SSC.18): Minimum required area to enable
the siting of large-scale WFs and PVFs.

Appendix B

A detailed description of AC not included in the SC of Appendix A is cited below.

Land Use (WAC.9/SAC.9): Land areas corresponding to open areas, shrubs, grass ar-
eas, meadow, vineyard, orchard, and agricultural farms. In Israel, WFs or PVFs are per-
mitted to be proposed and installed in sites currently used as agricultural farms, vineyard,
or orchard, due to the low availability of the land in the country. However, open areas are
considered here as more preferable one for WFs’ or PVFs’ siting, since no land use conflict
can be created.

Proximity to Areas with High Population (WAC.10/SAC.10): High population areas
require high amounts of electricity, especially at the peak time of domestic electricity con-
sumption in the study area (i.e., summer period). RETs installation near to areas with high
electricity consumption could cover the increased peak electricity demand and could con-
tribute significantly to large electricity losses” reduction and, thus, to energy supply cost
reduction.

Wind Energy Potential (WAC.11): Total amount of energy that a potential onshore
wind project could generate. The larger the WAC.11 value is, the higher the SI is for the
specific AC. For each appropriate site, WAC.11 was quantified based on: (a) the land re-
quirements for generating 1 MW from WTs according to the LEs” opinion and (b) the area
factor indicating the fraction of the area that can be covered by WTs. This factor was de-
fined based on previous studies related to the proper micrositing configuration in WFs
[80].

Visibility from the Residential Areas (WAC.12): Distance and altitude at which an
WEF can be seen from a resident with an unaided eye. Relevant visibility maps are pro-
duced based on the elevation raster of the total surface area of Israel and they illustrate
areas, where an installed WT with total height equal to 150 m is visible or not from the
residential areas. The referred height is defined by the LEs based on the existing and fu-
ture standards of WFs in Israel. The higher the degree of visibility from the residential
areas is, the lower the Sl is.

Solar Energy Potential (SAC.11): Total amount of energy that a potential PV project
could generate. The larger the SAC.11 value is, the higher the SI is for the specific AC. For
each appropriate site, SAC.11 was quantified based on: (a) the land requirements for gen-
erating 1 MW from PV panels according to the LEs’ opinion, (b) the existing standards
and best practices of PV projects in Israel, as well as (c) the area factor, taken equal to 70%
according to the maximum load occupancy of PV panels with the minimum shading effect
[35,38].

Land Aspect (SAC.12): Compass direction (e.g., Northern, Southern, or Western) that
a slope faces in the proposed site. SAC.12 is quite important for the efficiency of PV instal-
lations, since it is directly linked with the amount of solar energy that could be produced
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during the daytime [77]. The south-oriented appropriate sites receive the highest suitabil-
ity values [24,28,36].
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