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ABSTRACT: This work aims to identify the most suitable location for photovoltaic power
plants on the Spanish island of Gran Canaria. To that end, we propose a methodology which
will assess those physical territorial resources involved in the development of photovoltaic solar
energy by means of two devices: the available territorial resource map and the available
territorial resource index. In order to achieve this objective, multi-criteria analysis through an
analytical hierarchy process with geographical information systems was used. The empirical
analysis concluded that a large percentage of the island territory enjoys excellent potential for
the setting-up of photovoltaic plants. The contribution of this research is particularly important
in an island context, since it is in this type of territory where such tools are especially relevant
to plan the best use of limited land area and availability.
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Introduction

In this article, we will focus on the analysis of the territorial resources for the potential
development of photovoltaic energy in Gran Canaria, one of the two main islands of the
Canarian archipelago, Spain, formed by seven islands (see Figure 1). Gran Canaria is located in
the centre of the archipelago, with a land surface area of 1,560 km? spread over 21
municipalities, and with 847,830 inhabitants in 2015 (Canarian Statistics Institute, 2016). This
archipelago is located in the North East of Africa, between the latitudes 27°37° and 29°5” N and
the longitudes 13°20° and 18°10° W. Its geographic fragmentation, its distance from the large
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energy production plants (located 1,000 km away from mainland Spain), and the lack of
conventional energy resources have created a critical dependence on oil-based imports (Bueno

& Carta, 2006).

Figure 1: Geographical location of the Canarian archipelago.
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Source: Prepared from the Natural Earth project (http://www.naturalearthdata.com) and
GRAFCAN.

Energy is considered a key factor in sustainable development, to such an extent that the future
of the planet may well depend on how this energy can be obtained and used (Calero, 2011). This
is the case for islands where there is an increasing demand for energy. In addition, the
environmental and social concerns related to fossil fuels create the conditions for researching
alternative and more viable energy sources. The current energy model is questionable, especially
when renewable energy is being favoured for its unlimited features, its more homogenous
territorial distribution, and its ability to avoid producing dangerous waste. In this regard, the
Europe 2020 strategy (2010) proposes that renewable energy should reach 20% of energy
consumption of the EU by 2020, as well as a 20% reduction in CO2 emissions, with the aim of
creating a model of sustainable economic development that safeguards energy supply,
competitiveness, and environmental sustainability. In this vein, Del Rio and Burguillo (2009, p.

1315) state that:

renewable energy sources (RES) have a large potential to contribute to the sustainable
development of specific territories by providing them with a wide variety of socioeconomic
benefits, including diversification of energy supply, enhanced regional and rural development
opportunities, creation of a domestic industry and employment opportunities.

One of these alternatives, solar energy, is easily available in tropical locations, such as the

Canary Islands.
Islands and islanders could benefit from economic, social, and environmental gains by

switching to solar energy. From an economic perspective, large electricity systems are not
efficient in small islands, because economies of scale are not feasible, even with the lower cost
of petroleum these days; therefore, an alternative energy model—different from those used in
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continental regions—is necessary (Perez & Ramos Real, 2008). Social benefits are also
involved, as the quality of life of the original population could be increased, since the higher
costs involved in procuring fossil sources of energy are averted; while solar energy is an
‘infinite’ and freely available resource. And from an environmental point of view, the use of
green energies helps combat climate change, by reducing acid rain and global warming. As
islands are threatened by the rising of ocean water levels caused by global warming, renewable
energy sources—and especially solar energy—would be friendlier resources if they were to be
used in these territories.

According to data from the Energy Report by the Canary Islands Government (2016), in
2014 the energy demand of electric power in the Canaries showed an 88.2% dependence on oil.
The rest of the energy consumption has been covered mainly by the generation of electricity
through renewable energy (11.8%), with 5.9% of photovoltaic power. However, this data does
not reflect the significant potential that this archipelago has to generate photovoltaic energy
(Monedero et al., 2013) in relation to available resources.

The Canary Islands Government (2016) reports that, in 2014, renewable energy
generation in Gran Canaria represented 10.9% of total energy, 0.9% below the archipelago
average and far from the 20% goal of Europe 2020. With regards to photovoltaic energy,
39.3MW were installed in Gran Canaria, which is only 3.4% of total energy and 2.5% below the
archipelago average. This data reveals the need for a more effective use of this kind of energy
in order to adjust available resources to existing demand in a more sustainable way. In this way,
the use of autonomous energy sources is essential to achieve the most important energy
objectives on the island: the reduction of supply vulnerability, the decrease in external energy
dependence, to minimize the cost of energy, and the protection and preservation of the
environment (Calero & Carta, 2004).

The reasons for focusing the empirical study on the photovoltaic sub-sector of renewable
energy industry are three-fold: (a) this sector is likely to offer interesting business opportunities;
(b) it is a strategic sector for the economic growth in Spain, as well as in the Canary Islands; and
(c) it is an economic activity where location is a key success factor, as firms usually intend to
optimize natural resources. Finally, the implementation of photovoltaic power in the territory
will be analyzed through ‘solar farms’, as the location of photovoltaic power stations in urban
areas would require another type of analysis which integrates data of another nature such as the
use of the building (residential, service, industrial), the quantity and forms of the surface areas
of the buildings, and their viability to take on solar panels in relation to such issues as
morphology, orientation and shadowing between buildings (lzquierdo et al., 2008;
Schallenberg-Rodriguez, 2013; Wiginton et al., 2010).

According to the Europe 2020 strategy (2010), EU Member States should search for new
economic growth opportunities in their environmental challenges, making a more efficient use
of natural resources. As Balkyte and Peleckis (2010, p. 631) point out, “Being competitive or
being only sustainable is easier than being sustainable and competitive at the same time,” and a
compatibility of both concepts should be generally recognized. In this line, Rutkauskas (2008)
indicates that the competitiveness of a nation depends on its capacity to efficiently use available
resources, as well as its ability to introduce innovation and positive changes in an environment
that can assure sustainability. As Gallardo-Cobos et al. (2011) state, the territory is, in itself, a
key strategic asset to achieve competitiveness, and it is necessary to create capacities to exploit
it. In addition, Colletis-Wahl and Pecqueur (2001) consider that it is important to take into account
not only active but also latent resources, as the latter could reveal new niches of endogenous
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productive activity in the territory that strengthens its innovation process. This aspect is even
more important to islands given the specific socio-economic aspects of these territories: they
tend to be smaller, far from mainlands, and form part of a wider fragmented region
(Baldacchino, 2004). At EU level, regions with specific geographical characteristics, including
islands, have received much “EU regional policy attention and their economic development is
considered important in helping the EU to attain its important ‘territorial cohesion’ objective”
(Armstrong et al., 2012, p. 177). Therefore, we need an estimate of the available natural
resources in the territory to safeguard the sustainable competitiveness in the long term.

And yet, the geographical distribution of the territory’s physical resources is not taken
into account in most territorial competitiveness research (Deas & Giordano, 2001; Dégl &
Holtbriigge, 2010; Huggins, 2003; Moon et al., 1998). The measurement is done in general terms
(such as farming areas, m? per capita; roads, km by km?; or business concentration, number of
companies per capita), without specifying the exact location and the inter-relations among such
resources. This should be taken into account when dealing with sectors such as energy,
agriculture, or tourism, whose success and sustainability are based on the location of specific
resources in a geographical area (Chhetri & Arrowsmith, 2008; Eslami & Roshani, 2009;
Hajehforooshnia et al., 2011; Hossain et al., 2007; Pasqualini et al., 2011; Tiba et al., 2010).

Given this context, this work focuses on the available territorial resources for the development
of photovoltaic energy on the island of Gran Canaria, where the use of the scarce land has to be
‘optimized’. It proposes to simultaneously evaluate the combination of the physical territorial
resources involved in the development of the photovoltaic energy through an available territorial
resource map (ATRM) and an available territorial resource index (ATRI). The development of
this energy in a territory requires a minimum amount of solar radiation in combination with
other resources such as the power grids that transport generated energy, communication
channels that favour the construction and maintenance of the installations, the orography, the
available land, etc. Thus, the ATRM map aims to quantify the available resource and to inter-
connect all those factors that make the territory attractive. The ATRI index synthesizes the
information of the map through a numerical value which enables to compare territories. On the
basis of the information that both tools (ATRM and ATRI) offer, it is possible to set up a land
use policy that prioritizes the best areas to settle a specific activity based on the use of natural
resources. Therefore, in an insular context where disadvantage is notably significant in relation
to the energy supply as it depends on the import of oil products, the use of tools such as the ones
here proposed (ATRM and ATRI) is especially relevant to design an adequate land policy.

To accomplish our research goals, this paper is organized into four sections. After this
introduction, the second section includes the empirical application of the methodological
proposal to obtain the ATRM and ATRI. A third section is devoted to discuss the results. We
conclude by reviewing the main outcomes of this work.

Methodology

The research work by Aran et al. (2008) was used as the supporting methodological framework
to obtain the ATRM and ATRI. We describe an environmental decision-support system (EDSS)
for selecting optimal sites for grid-connected photovoltaic power plants, combining multi-criteria
analysis and the analytic hierarchy process with GIS and taking into account orography, location,
and climate factors. The five stages needed to complete the process are set out in Figure 2.
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Figure 2: Methodology for available territorial resource map and index.
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Source: Adapted from Tegou, Polatidis, & Haralambopoulos (2010).

Stage 1: Identification and selection of criteria. The objective of the first stage is to select the
criteria that are decisive for the evaluation of the territorial resources involved in the productive
activity under study. As the resources related to the development of a specific productive activity
are multiple, a multi-criteria analysis with geographic information systems (GIS) (Gémez &
Barredo, 2005; Malczewski, 1999, 2006) is used to obtain the ATRM. Geo-information enables
the exact location of territorial resources from thematic layers, each one representing a resource
(see Figure 3). The multi-criteria analysis used is based on an analytical hierarchy process
developed by Saaty (1977), which consists of a linear weighted summation where the weights
are calculated by establishing levels of hierarchy among the criteria. The relative importance
among each criterion pair is established through pairwise comparison at each level. This method
can be implemented in the GIS IDRISI software (Eastman, 2003) or as a macro for ArcGis
(Marinoni, 2004). In recent years, the analytical hierarchy process has been commonly used
because it is intuitive and easy to implement in GIS, leading to a significant advance in the
guantity and quality of the research related to various techniques, including planning of urban
infrastructures (Hajehforooshnia et al., 2011; Suarez-Vega et al., 2011; Yang et al., 2008),
landscape modelling (Vizzari, 2011), location of facilities (Dey & Ramcharan, 2008; Kontos et
al., 2005; Tuzkaya et al, 2008; Wang et al., 2009), and the planning of renewable energy
(Izquierdo et al., 2008; Omitaomu et al., 2012; Perpifia et al., 2013; Tegou et al., 2010).
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Figure 3: GIS information obtained from the Canary Islands Government.
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Source: Prepared from Catastro and GRAFCAN data.

Stage 2: Data collection and thematic layers processing. In the second stage, the criteria are
added to the GIS via different thematic layers from the geo-information available in the Spatial
Data Infrastructure (SDI) of the Canary Islands (https://www.idecanarias.es). Literature
suggests that these criteria should be classified into facilitators and restrictions. In this work,
nine factors were considered, based on different sources (e.g., Aran et al., 2008; Aydin et al.,
2013) with the objective of finding the ideal location of photovoltaic power plants through GIS
on Gran Canaria. They were grouped in two levels (Table 1): first-level and second-level factors.

Table 1: Classification of facilitators.

First-level facilitators | Second-level facilitators Critical points
Global irradiance Less than 4,500 Wh/m?/day = 0
. More than 5,000 Wh/m?/day = 1
Climate 0 —
Average temperature More than 45° C = 0
Lessthan 15°C =1
Slopes Less than 3% =1
More than 30% =0
Orography Orientation Between 337.5° and 22.5°=0
Between 157.5° and 202.5° = 1
Shade Shade_:d areas =0
Illuminated areas = 1
Land use Compat!b!l!ty less than 0.04 =0
Compatibility more than 0.25 =1
Proximity to road access More than 2,000m =0
Location Less than 300m =1
Proximity to electricity lines More than 2,000m =0
Less than 300m =1
Proximity to urban areas More than 5,000m = 0
Less than 1,000m =1
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And concerning restrictions, those established in the literature (e.g., Aran et al., 2008; Aydin et
al., 2013) were considered, as Table 2 shows.

Table 2: Constraints.

Criteria Constraint area
Protected areas The perimeter of protected areas
Water reservoirs The perimeter of reservoirs
Installations The perimeter of the installation
Roads Road width
Ravines 5 m from public water domain
Isolated housing The perimeter of the built up areas
Population area The perimeter of the populated area
Main roads 20 m from the centre axis
Sea-land limits 100 m inland from the shore
Military areas The perimeter from military area
Slope Areas with > 40% slope
Minimum surface area | Plots with surface area > 0.012 km?

Stage 3: Territorial resource map and territorial constrained map. The third stage consists of
obtaining the territorial resource map and the territorial constrained map. In order to create the
territorial resource map (TRM), the thematic layers of the factors are made in raster format, as
it is adequate to represent spatial variables of continuous nature (e.g., terrain slopes, solar
radiation, and temperature). As these layers have different measurement units, it is necessary to
standardize them in order to carry out a joint analysis. In this case a fuzzy standardization is
used (between the values 0 and 1) from a sigmoidal membership function (Eastman, 2003). To
this end, it is necessary to identify the critical point of transition between 0 and 1 in each factor.

Furthermore, not all factors influence with equal weight. In order to assign this weight
in a hierarchical process, deliberation starts with the so-called first-level factors. For this, a
square matrix is created where the pairwise comparison of its factors can be carried out. A value
is assigned to each element of the matrix which represents the relative importance of the factor
in the row and column in relation to a scale from 9 (most importance) to 1/9 (least importance).
The main eigenvector of the matrix, which represents the order of priority of factors, determines
their weights, whereas from the maximum eigenvector, a quantitative measurement of the
reliability of the assigned values (consistency ratio) is obtained. This value should be less than
0.1 (Kablan, 2004). This same process is used for the rest of the levels of factors in the hierarchy.
The final weight of each factor is obtained by multiplying the weight of the factors, taking into
consideration their permanency at each level of the hierarchy. Once the definite weights are
calculated, the territorial resource map is achieved. Each pixel takes on a suitable value through
the linear weighted summation (Voogd, 1983) of the thematic layers that represent the different
factors. In this map, the most suitable areas will take on a value closer to 1 and the least suitable
areas will take on values closer to 0.

In order to obtain the territorial resource map, the first-level factors considered are
climate, orography, and location. The climate factor was evaluated through two components that
directly influence the performance of the photovoltaic facilities (global irradiance and average
temperature). The data were obtained from the Solar Map of the Canary Islands by GRAFCAN
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(2013). Global solar irradiation determines the amount of photovoltaic energy that can be
obtained depending on the solar climatic areas where the plant is placed (see Figure 4).

A photovoltaic solar power station is efficient when irradiation is higher than 4,500
Wh/m?/day and the areas with irradiation over 5,000 Wh/m?/day are considered the most
appropriate (e.g., Aran et al., 2008; Aydin et al., 2013). These values were taken into account to
determine the cut-off points in the fuzzy standardization. Applying an increasing sigmoidal
membership function between these values, we obtain the standardized irradiation thematic
layer included in Figure 5.

Figure 4: Spatial distribution of global irradiance (Wh/m2/day).
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Figure 5: Standardized global irradiance thematic layer.
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As far as the climate factor refers, photovoltaic systems lose power when their temperature
increases. Thus, for the same degree of solar irradiation, a photovoltaic system will produce less
energy in a warmer area than in a cooler one (Chenlo & Abella, 2006). In our research, those
areas with an average temperature lower than 15°C will be the most appropriate and the least
will be those that go over 45°C environmental temperature.

The evaluation of orographic factors was carried out by a digital terrain model available
in the SDI of the Canary Islands done by GRAFCAN (http://tiendavirtual.grafcan.es/index.jsf).
Concerning the first orographic criteria, the areas with steep slopes are not suitable locations for
the construction of these facilities since the work needed to prepare them would greatly impact
on the environment. This is the reason why the standard set for areas that are not appropriate are
those that have more than a 30% slope and the most appropriate ones are those that have less
than a 3% slope (e.g., Aran et al., 2008; Aydin et al., 2013). Moreover, areas orientated towards
the South will have much more significant solar resources than those areas that are facing North.
This circumstance indicates that the orientation of the hillsides should be another factor to
consider when evaluating this territorial resource. In this case, for the standardization we have
considered that the hillsides with an orientation between 157.5° and 202.5° will be the most
suitable, and those orientated between 337.5° and 22.5° will not be suitable. Furthermore,
photovoltaic power that reaches an area will also decrease if it is in the shade. The shade varies
during the day and throughout the year, depending on the orography of the terrain and the
position of the sun. This is why an azimuth and the altitude of the sun were calculated in twelve
positions in relation to the latitude of the island (combining the sunrise, midday, and sunset in
the four seasons of the year). With this data, a thematic layer was obtained (see Figure 6). It
includes the average values of shade between 130 (value of maximum illumination) and 0 (value
of complete shade). To determine the cut-off points of standardization, it was estimated that an
area will be in shade when the values are less than 80 and those areas with values over 110 are
the most illuminated ones.

Figure 6: Shade analysis from a GIS.
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For the evaluation of the four second-level factors that make up the location, the 1:5.000 land
use and topography maps available in the Spatial Data Infrastructure of the Canary Islands were
used (http://tiendavirtual.grafcan.es/visor.jsf?currentSeriePk=1). In relation to the land use
factor, a classification through pairwise comparison was established (see Table 3). The thematic
layer was standardized from this classification, taking into consideration that the areas with a
compatibility lower than 0.04 are not suitable and the most adequate areas are those with
compatibility of over 0.25.

Table 3: Classification of land use. Consistency ratio (CR): 0.02.

Location types Compatibility
Urban areas, infrastructures, and industrial sites. Beaches and dunes. Pools,

. ; . 0.01
ponds, damns, and salt lakes. Pine forest. Quarries and mines.
Forests and areas with autochthonous trees. 0.04
Flowers and fruit trees. Vegetable crops. 0.06
Sandbars, landfills, and tips. 0.11
Coastal and inland scrub. 0.16
Abandoned cultivation and land with little vegetation. 0.25
Deteriorated scrubland and grasslands. Land without vegetation. 0.39

We have also considered the proximity of road access to the site, as it facilitates the access for
the installation and maintenance of the equipment (see Figure 7). The availability of a suitable
electrical power supply is also necessary in the area, so it facilitates the connection of the
photovoltaic installation to the existing network. Therefore, the road access and electrical power
supply are territorial resources to be considered, as their distance or proximity from the site can
increase or reduce the infrastructure costs or make its construction not feasible. To standardize
those criteria, the reduced surface and the uneven orography of the island were factors taken
into account. Thus the following was established: 300 m as optimal distance and 2,000 m as
maximum distance to any electricity power supply and transport links.

Figure 7: Road network analysis from a GIS.
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Source: Prepared from GRAFCAN data.

Finally, we have estimated that the proximity to urban areas is a second-level factor that also
improves the viability of the photovoltaic plant, as it reduces transmission loss of generated
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electricity. Taking into consideration the territorial context, these stations should not be further
than 5,000m from urban centres and the best locations would be those below 1,000m.

Next, all factors were weighed through pairwise comparison (Saaty, 1977) considering
the two levels. In the first level, it was established that climate factors are the most important as
electricity production of the photovoltaic energy plant depends on the weather (see Table 4).
The second degree of importance was given to orographic factors as the topography of the land
(e.g., orientation of hillsides, slopes, shade created by the land orography) can condition the
feasibility of the plant. The least relative importance was assigned to the location of this type of
installation, considering the physical resources in that area.

Table 4: Pairwise comparison matrix of first-level factors and calculated weights. CR: 0.002.

Climate | Orography | Location | Weights
Climate 1 2 7 0.6025
Orography 1/2 1 4 0.3151
Location 17 1/4 1 0.0824

Of the nine second-level factors, the four most critical in capturing photovoltaic energy were
given the highest weights (see Table 5): solar irradiation (47.8%), shaded areas in the territory
(17.9%), temperature (12.5%), and hillside orientation (10.5%). Next ranked are: land use
(3.9%), slope (3.1%), electricity supply (2.2%), transport network (1.5%), and distance to urban
areas (0.6%).

Table 5: Final weight of criteria.

First-level factors Second-level factors Final weight
Climate Global irradiance w = 0.793 0.478
w = 0.603 Average temperature w = 0.207 0.125
Oroaranh Slopes w = 0.098 0.031
N Orientation w = 0.334 0.105
e Shade w = 0.568 0.179
Land use w =0.471 0.039
Proximity to road access
. w=0.188 0015
Location Proximity to electricity lines
w =0.082 oximity y 0.022
w = 0.267
Proximity to urban areas
w = 0.074 0.006

Taking this weighing into account, the territorial resource map was obtained through the linear
weighted combination of the factor layers (see Figure 8).
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Figure 8: Territorial resource map.
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The next step in the process is the elaboration of the map of territorial constraints (MTC). The
thematic layers that make up this map (such as legislation, environmental aspects, and
topography) are compiled in vector format. This format, in contrast to the raster one, defines
and measures accurately the surface of the areas which are suitable for the activity researched.
Due to its dichotomous nature, its standardization is carried out through a Boolean method
(appropriate, excluded).

The map of territorial restrictions identifies the area of the territory that can effectively
be used for the development of photovoltaic energy, considering the restrictions established in
the literature (e.g., Aran et al., 2008; Aydin et al., 2013) and already included in Table 2. In
relation to the protected areas, the positioning of the photovoltaic energy plants should take into
account the biodiversity conservation policies in the territory. To carry out this study, the
protected areas that have been established as sensitive areas by the Canarian Network of Natural
Spaces and the Natura 2000 network were included. Both networks were considered because,
even though in general terms the territorial delimitations are quite concurrent, there are some
areas that are not common. Restrictions related to the water reservoirs are due to the difficulty
involved in constructing the photovoltaic plants over surface areas covered by water. Therefore,
this restriction was limited to the perimeter of lakes, ponds, swamp areas, reservoirs, and pools,
as well as the perimeter of installations such as industrial buildings, shelters, and bridges. The
existing road width in the territory was also excluded.

With respect to the watercourse of the ravine, in Decree 86/2002, which regulates public
water domain, Article 12 states that the watercourses of the ravines are subject to, as a general
rule and through its whole longitude dimension, an easement for public use of 5m width. In turn,
the restriction that makes reference to the distance to populated areas and isolated housing will
affect the perimeter of the urban areas (dense and sparse), and also the isolated built-up areas.
The Canarian Road Regulations (Decree 131/1995) were considered in terms of road access, so
the safety distance of 20 m from the axis was established.
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Figure 9: Map of Territorial Constraints (MTC).
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Article 43 of Royal Decree 1471/1989, which establishes coastal law, states that the easement
of the sea-land protection will extend to 100 meters, measured from inland to the inside limit of
the sea shore. Moreover, Article 30 of Constitutional Law 5/2005 states that “in the areas of
national territory considered of interest to defence [...] may be limited the property rights of
goods located in them, owned by domestic and foreign people, according to what is determined
by law.” Those areas with more than a 40% slope were also rejected as suitable surface areas
for the setting of photovoltaic plants. Finally, so as not to scatter the number of photovoltaic
plants and to avoid an excessive visual impact, the only land plots that were taken into account
are those that can hold installations which are able to offer over 1 MWp (Megawatt peak) of
electricity, as the average surface area needed to install 1kWp is 12 m?. Figure 9 shows the result
obtained from the map of territorial constraints.

As we are dealing with a vector map, it delimits with precision the areas where it is
possible to place the photovoltaic plants.

Stage 4: Available territorial resource map. The objective of the fourth stage is to obtain the
available territorial resource map (ATRM), which will illustrate the territorial resource that can
actually be used considering the restrictions. To do this, unsuitable areas are excluded from the
map. This is an essential document for the evaluation of available resources in the territory. In
this document, the influence of all the factors with respect to their assigned relative weight is
synthesized. Thus, the areas that obtain a value 0 in some factors are not totally excluded if they
have a highly relative weight in others. The application of restrictions accurately delimits the
territorial area susceptible to use. Moreover, the system permits the information to be updated
without the need to repeat the whole process each time.

The ATRM is then obtained by adding the restrictions to the territorial resource map (see
Figure 10). To facilitate visualization, four suitability levels were used: poor (0-0.25), moderate
(0.25-0.50), suitable (0.50-0.75), and highly suitable (0.75-1).
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Figure 10: Available territorial resource map and municipalities of Gran Canaria.

Legend
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Source: Prepared from GRFCAN data.

1 Firgas 8 Ingenio 15 Aguimes

2 Valleseco 9 Valsequillo de G.C. 16 Las Palmas de Gran Canaria
3 Santa Brigida 10 Santa Maria de Guiade G.C. 17 Telde

4 Teror 11 Agaete 18 Tejeda

5 Moya 12 Santa Lucia 19 San Nicolas de Tolentino
6 Arucas 13 Gaéldar 20 Mogan

7 Vegade San Mateo 14 Artenara 21 San Bartolomé de Tirajana

This map delimits the areas where it is possible to place the photovoltaic plants and evaluates
them according to the suitability of their location. Table 6 shows the available surface area in
accordance to suitability level.

Table 6: Area suitability for photovoltaic plant placement.

Suitability Pixel value | Area (km?)
Poorly suitable 0.00-0.25 0.81
Moderately suitable | 0.25-0.50 17.71
Suitable 0.50-0.75 41.83
Highly suitable 0.75-1.00 433.10
Total 493.45

Stage 5: Available territorial resource index. The process culminates with the calculation of a
numerical value: the available territorial resource index (ATRI). This index enables to carry out
a comparative evaluation among territories. This index was obtained as a result of multiplying
the arithmetic mean of the value that the ATRM pixels take on by the available areas obtained

from the MTC, according to the following equation:
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ATRl:@*S:CRT*s

where CRTi is the value that represents the quality of the territorial resource of each pixel that
the GIS calculates for each municipality and the whole island, n is the number of pixels of the
available area, and S is the available surface area.

Table 7 shows the value of the CRT, that is, the average suitability of the pixels for Gran
Canaria and each of its 21 municipalities; the available surface area (S), the ATRI and, in the
fourth column, its relative value for each municipality compared to the whole island.

e | pvrese e | v [
municipalities in Gran Suitability (CRT) (S) (CRT*S) | ATRIg ¢
Gran Canaria (whole island) 0.853 493.45 420.912 1.000
Agaete 0.799 10.73 8.575 0.020
Agliimes 0.918 43.84 40.241 0.096
Artenara 0.853 4.46 3.806 0.009
Arucas 0.581 19.40 11.273 0.027
Firgas 0.732 5.81 4.255 0.010
Galdar 0.850 32.09 27.276 0.065
Ingenio 0.905 18.95 17.147 0.041
Las Palmas de G. C. 0.769 27.84 21.406 0.051
Mogan 0.853 37.82 32.256 0.077
Moya 0.794 5.96 4,732 0.011
San Bartolomé de Tirajana 0.888 106.09 94.209 0.224
San Nicolés de Tolentino 0.846 14.51 12.276 0.029
Santa Brigida 0.809 7.12 5.762 0.014
Santa Lucia de Tirajana 0.900 39.81 35.829 0.085
Santa Maria de Guia de G. C. 0.819 20.98 17.185 0.041
Tejeda 0.898 0.38 0.345 0.001
Telde 0.885 55.84 49.418 0.117
Teror 0.788 12.26 9.663 0.023
Valleseco 0.853 3.38 2.879 0.007
Valsequillo de G. C. 0.862 14.82 12.771 0.030
Vega de San Mateo 0.854 11.36 9.703 0.023

Results

From the results shown in Table 6, it can be seen that the available surface area is 493.45 km?, which
implies that 31.6% of land is suitable for the placement of photovoltaic power plants. It should be
highlighted that out of this available surface area only 3.8% is poorly or moderately suitable and
87.8% is highly suitable. Table 7 shows that only Firgas (0.732) and Arucas (0.581) are least suitable
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for the localization of photovoltaic power plants, and the remaining 19 municipalities of the island
of Gran Canaria are highly suitable for these facilities, according to the methodology deployed.
After evaluating the different municipalities through the relative ATRI (Table 7), it can
be observed that the most suitable areas are located in the South and South-East of the island:
San Bartolomé de Tirajana (22.4% of the whole island), Telde (11.7%), Aglimes (9.6%), Santa
Lucia de Tirajana (8.5%), and Mogéan (7.7%). These results align with the fact that some of these
municipalities are home to the main renewable energy plants in the island. Moreover, in the
North of Gran Canaria there are also some municipalities with a high ATRI: Géldar (6.5%), Las
Palmas de Gran Canaria (5.1%), and Santa Maria de Guia de G.C. (4.1%), which could be good
locations for the development of this type of energy. However, some municipalities, such as
Artenara (0.9%), Valleseco (0.7%), and Tejeda (0.1%), located at the centre of the island, with
medium to high suitability index (CRT) have a low indicator due to the fact that available surface
area is a condition to the value of the ATRI. For example, Tejeda, with a 0.898 CRT, has only
0.38 km? of available surface area, mainly due to the fact that it is a natural protected area.

Conclusion

This study proposes a new methodology to identify the best localization of photovoltaic power
plants on the island of Gran Canaria, by assessing those physical territorial resources involved
in the development of that type of renewable energy through two instruments: the available
territorial resource map (ATRM) and the available territorial resource index (ATRI). In order to
achieve this objective, we have used multi-criteria analysis through an analytical hierarchy
process with geographical information systems. The empirical analysis concluded that there is
a large percentage of land that shows a highly suitable qualification, which indicates the
existence of an excellent territorial potential in the municipalities of Gran Canaria for the setting-
up of photovoltaic plants. According to the results, 31.6% of land in Gran Canaria can be used
for the placement of photovoltaic power plants. Out of this available surface area, 87.8% is
highly suitable. Considering that only 3.4% of the energy currently consumed in Gran Canaria
stems from photovoltaic energy, our findings indicate the existence of a very significant
potential for the development of this renewable energy. Finally, the calculation of the ATRI in
the different municipalities of the island enables the identification and ranking of those most
suitable for investment in this activity. These are those located in the South and South-East of
the island (San Bartolomé de Tirajana, Telde, Agiiimes, Santa Lucia de Tirajana, and Mogan),
and three municipalities in the North (Géldar, Las Palmas de Gran Canaria, and Santa Maria de
Guia de G.C.). Therefore, these municipalities have the best natural conditions related to the
factors considered in our study—climate, orography, and location of physical resources—for
the setting-up of photovoltaic power plants.

Renewable energy, and specifically solar photovoltaic energy, was the industry selected
for the empirical study. The reasons for this decision are three-fold: (a) this sector is likely to
offer interesting business opportunities; (b) it is a strategic sector for the economic growth in
Spain, as well as in the Canary Islands; and (c) it is an economic activity where location is a key
success factor, as firms usually intend to optimize natural resources. The study was carried out
on the island of Gran Canaria (Spain) and its municipalities, with a relevant potential use for
both public authorities and private investors.

This work shows that the integration of multi-criteria analysis with geographic information
systems is an effective tool to assess the available territorial resource for the development of a
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particular economic activity such as the installation of photovoltaic power plants. This evaluation
was carried out on the basis of an analytical hierarchy process structured in five stages. To do this,
nine facilitators were defined and classified into three groups (climate, orography, and location) as
well as twelve restrictions. The result was the available territorial resource map (ATRM) which has
a double objective: (a) it accurately marks the territorial area susceptible to use as a territorial resource
by obtaining the restrictions in vector format and (b) it quantifies the influence of the available resources
according to the relative weight that was assigned to each of them. Taking the ATRM as a reference,
the available territorial resource index (ATRI) was obtained. This index synthesizes the information
of the map through a numerical value which allows territorial comparison. A sigmoidal distribution
for the evaluation criteria measurements was chosen, which represents a methodological
contribution to the existing literature as no precedents have been found in this respect.

This research has important practical implications for policymakers. On the basis of the
scientific information that the ATRM and ATRI offer, a land use policy that strengthens those
areas with better conditions for the development of a particular economic activity can be
formulated. In this vein, the assessment of all the available resources is particularly important
in insular territories where the need to assign the best use to the existing limited land is critical.
Therefore, the ATRM and the ATRI favour the strategic decision-making aimed at: (a)
environmental preservation, delimiting perfectly the areas where it is viable to place a particular
activity; (b) economic viability, classifying the territory according to its suitability for the
economic development; and (c) social equity, making it possible to plan between needs and
available resources throughout the territory. Furthermore, the system allows the updating of
information independently. This facilitates the tracking of resources over time, without the need
to repeat the whole process each time.

Moreover, this methodology can be applied to the study of synergies between different
and potentially complementary sectors. For instance, the synergies that might exist between
agriculture and livestock activities as well as the sub-sectors of renewable energy such as bio-
mass, bio-fuel, and bio-gas. Taking advantage of the possibilities resulting from the integration
of multi-criteria analysis with geographic information systems, resulting applications can enable
the classification and evaluation of the territory, indicating which areas would be suitable for
the development of one or more activities and which ones will be more appropriate to make the
most of the synergies between different activities.
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