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Abstract 
Satellite imagery is used for many activities in different areas of the planet, 
including searching for alternative and sustainable sources to meet growing 
energy demand to reduce greenhouse gas (GHG) emissions. One way to mi-
nimize these effects and expand energy parks is to encourage local generation 
through the use of renewable sources, such as solar energy, which is free and 
affordable in many regions of the planet, but that in Brazil is not yet a reality. 
In order to make an assertive decision when installing a solar power system, 
one needs to use tools that involve remote sensing and geographic informa-
tion systems (GIS), and compile information and variables that are relevant 
to the subject of solar power generation and take into account the inherent 
geographic space. In this context, the main objective of this work is to devel-
op a GIS model to identify areas with solar potential on a regional scale using 
active remote sensor images and previously available solar models. To vali-
date the model, this study used an area on the island part of the city of Flo-
rianópolis in Santa Catarina State—Brazil, which suffers from repeated cli-
matic events which cause long power cuts, as its distribution occurs by air all 
over the island. Through the “solar analist” function of ArcGIS and the ma-
trix bases derived from the Digital Model of the Space Shuttle Topography 
Mission (SRTM) with 30 m of spatial resolution and the supervised classifica-
tion of panthromatic and multispectral images fused from LandSat 8 satellite, 
were generates indicative maps of the areas with solar potential. The results 
pointed to a high solar potential in the all year and that could be better ex-
plored by public managers and also by individual consumers. 
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1. Introduction 

In 1957, a terrestrial object, built by the hand of man, was launched into the un-
iverse, where it revolved around the earth for a few weeks according to the same 
laws of gravitation that governs the movement of celestial bodies—the sun, 
moon and stars. It is true that the artificial satellite was neither the moon nor a 
star; it was not a celestial body that could proceed in its circular orbit for a pe-
riod of time that, for us, mortals limited to Earth’s time, would last forever [1].  

Hannah Arendt was referring to Sputnik, the world’s first orbiting artificial 
satellite, which paved the way for new technology called Remote Sensing, which 
is the art and science of collecting information about an object without being in 
direct physical contact with it. It uses electromagnetic energy emitted or reflect-
ed by the targets as a physical principle for capture. The oldest system used for 
this capture is the photographic camera, an invention made in the nineteenth 
century [2]. After photography, aerial platforms emerged (balloons, kites, rock-
ets, aircraft, among others).  

According to [1], the situation created by sciences has great political signific-
ance, so much so that photographic recognition of the earth originated during 
the 1st and 2nd world wars and remains to this day. According to [2], the arms 
race between the United States (US) and the Soviet Union (USSR) that took 
place during the Cold War emphasized the development of intelligence gather-
ing technologies to spy on the enemy’s arsenal. This race revolutionized the 
concept of war. According to [3], it resulted in an asymmetry in postmodern 
combat, and Americans have since demonstrated the vast superiority of their 
weapons and satellites, whose greatest exponent is the Global Positioning System 
(GPS) constellation, operating since the 1990s. 

Free remote sensing images have been used for the purposes of peace, science, 
education and technology in many countries. Examples of these images include 
those from active sensors from the Space Shuttle Topography Mission (SRTM) 
and those from passive sensors such as the ones from the Landsat series. Such 
images are fundamental tools/resources for analysts to identify problems, visual-
ize panoramas and propose viable policy alternatives for decision making in ter-
ritorial management.  

Robert Cowell, an American Forest Engineer, realizing the potential of satel-
lite imagery, developed, during the 1960s, the multi-concept as a useful and ac-
curate scientific method of image interpretation through the development of 
four types of analysis: multispectral, multidisciplinary, multiscale and multi-
temporal. Ever since, image analyses have involved the use of various scenes, 
scales, teams, times and qualities, but all are performed taking into account the 
changes in space and/or time. They also allow predictions to be made, and un-
derstanding the impact of anthropic intervention is paramount. 

In the contemporary era, in which the population increases and uses energy 
more and more, it is urgent and contingent to progress without losing sight of 
the preservation of natural resources. Finding alternatives that use renewable 
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sources of energy are not only necessary but also vital for the preservation of 
living beings, because the environmental damage caused by greenhouse gas 
emissions is irreversible, with an increase in the ozone hole, global warming, 
melting of ice caps and climate change, just to mention a few notable examples. 

Several sources of energy can be used as alternatives to the use of polluting 
energies. These energies, considered to be renewable—or soft, as some authors 
prefer, e.g., [4]—are “those originated in nature, such as solar, wind, ocean or 
geothermal energy, used locally and in hybrid form to avoid energy costs and 
transport expenses”.  

To allow the visualization of future scenarios in physical spaces and to colla-
borate in the current decision-making process in the identification of renewable 
energy potential, Geographic Information Systems (GIS) have been used as tools 
at various scales, levels of abstraction and spatialization of phenomena. Abstract 
phenomena, such as temperature and solar radiation, are some examples.  

The solarimetric atlases produced and the solar radiation models that are al-
ready developed and commercially available are examples of applications that 
were produced using GIS. However, both atlases (because they have a small 
scale) and radiation models (because they are more precise in point-based iden-
tification) do not meet the need for investigation of solar potential to be applied 
at regional scales (models that can be applied to municipalities, for example). A 
new generation of spatial models that combine the respective advantages of 
point-specific solar radiation models with small scale atlas visualization is re-
quired to make regional-scale insolation/radiation models quick and accurate. 

But in order to make an assertive decision regarding the definition of areas 
with potential to generate energy from solar sources at a regional scale, one has 
to check for the fundamental premises for this potential to exist, e.g., relief and 
proper aspect. The most appropriate techniques to perform these analyses still 
include the use of products such as remote sensing images and/or photogram-
metry as well as GIS tools; firstly, to generate digital models and, secondly, to 
perform spatial analysis of them. Such analysis is necessary so that the informa-
tion coming from the terrestrial surface and the environment, when geographi-
cally spatialized, can become knowledge that allows assertive decision making. 

In this context, the main objective of this work is to develop a GIS model to 
identify areas with solar potential on a regional scale, using active remote sensor 
images and previously available solar models, using as study area the Flo-
rianópolis Island. 

It is worth mentioning that, in Brazil, the production of energy by solar source 
is incipient and in the study area used, its use is negligible, close to other places 
in the world, such as Portugal and Spain, for example. The production of energy, 
mainly in the country, occurs by water, and it is transported over great distances 
via transmission lines. The exploitation of solar energy, both thermal and pho-
tovoltaic, could take place in a more organized and subsidized way, including by 
public management, if there was an economic and political interest, as the Island 
(study area) is a place that suffers numerous weather events and it lacks electric-
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ity when this occurs because the transmission and distribution of energy are all 
carried out via overhead cables. Individualized solar production (which can be 
connected to the grid), in this case, would be an intelligent way to reduce the 
losses caused by such events, in addition to guaranteeing energy in times of 
drought due to water stress due to the absence of rain in the generation units 
hydropower (hydroelectric). It is said that the last climatic event that hit Flo-
rianópolis occurred at the end of June 2020 and the entire island was without 
electricity, and that absence lasted between a few hours in some neighborhoods 
(less impacted) and several days in others (most impacted). Some places have 
been without power for more than seven days in a row, including home and 
commercial establishments. The use of solar energy, in this aspect, would colla-
borate for a faster recovery of the places affected by the events, besides allowing 
an increase in the quality of life of the population and also moving the economy. 

2. Renewable or Soft Energies 

Renewable or soft energies are those that use the forces of nature to generate 
energy without harming the environment and without large logistic systems to 
carry the energy generated. The author [4] points out that the process of energy 
generation, until final consumption, must follow a sustainable and therefore 
smooth path: 

The “soft energy path” assumes that energy is but a means to social ends, and 
is not an end in itself. Soft energy paths involve efficient use of energy, diversity 
of energy production methods (matched in scale and quality to end uses), and 
special reliance on co-generation and “soft energy technologies” such as solar 
energy, wind energy, biofuels, geothermal energy, wave power, tidal power, etc. 
[4]. 

According to [5], solar energy is an inexhaustible, free and non-polluting 
source, since the sun reaches the earth in thermal and luminous forms, but the 
capture of such radiation varies according to location, as it depends on latitude, 
season and various atmospheric conditions such as cloudiness and relative hu-
midity.  

A photovoltaic system, for example, does not need sunlight to operate; it can 
also generate electricity on cloudy days. This is because the surplus energy 
available on the grid serves as credit that can be used by the consumer when so-
lar energy is not available. 

The growth rate of installed photovoltaic energy in recent years has exceeded 
all forecasts, thus showing the potential of this technology as a source of energy 
worldwide. Importantly, most of the installed capacity corresponds to grid-con- 
nected installations, accounting for 98% of global capacity, although there is re-
cent interest in stand-alone installations and small-scale systems, especially in 
remote, hard-to-reach areas. According to the Renewable Energy Policy Net-
work for the 21st Century (REN21), grid-connected photovoltaic systems were 
the world’s fastest growing generation technology in 2006 and 2007 [6]. 

Because Brazil is a country located mostly in the intertropical region, it has 
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great potential for harnessing solar energy throughout the year [7] and [8] using 
the thermal and photovoltaic systems. Because of climatic characteristics, the 
former is more suitable to be explored in the South and Southeast regions of the 
country, while the latter, in the North and Northeast regions, in communities 
isolated from the electric power grid.  

This potential was found by the National Institute for Space Research (INPE) 
when the Brazilian Solar Energy Atlas was published in 2006, through the Na-
tional Organization System of Environmental Data (SONDA), The Solar and 
Wind Energy Resource Assessment (SWERA), funds from the United Nations 
Environment Program (UNEP) as well as funds from the Global Environment 
Fund.  

Through geoprocessing techniques, data on Global Horizontal Solar Irradia-
tion—annual average for 2006—from the Brazilian Solar Energy Atlas, can be 
accessed by interested parties. However, as it is a product of a very large spatial 
scope, it has limitations regarding scale and accuracy, and it is not recommend-
ed for identifying solar potential regionally or locally. 

According to [9], incident solar radiation can be measured by terrestrial 
weather stations and meteorological satellites, and/or estimated using models. 
There are several solar models available in the literature, which vary in detail 
about the input parameters and hence the output map. The two most commonly 
used examples of solar radiation models are ArcGIS’ Solar Analyst [10] and the 
Photovoltaic Geographic Information System (PVGIS) [11].  

3. The State of the Art of Gis in Renewable Energy and  
Spatial Insolation Models 

For associating qualitative and quantitative phenomena arising from the earth’s 
surface, whether of discrete, continuous or abstract characteristics, and trans-
forming them into knowledge that can be analyzed and allow decision-making 
in territorial management, the most used tool nowadays involves GIS, since the 
solutions presented guarantee a quality result, the possibility of quality mea-
surement and evaluation, as well as considerable cost and time reductions. GIS is 
a set/system of hardware, software and procedures designed to support the col-
lection, management, analysis, modeling and visualization of georeferenced data 
to solve planning and management problems [12].  

Geographic modeling is one of the main steps of GIS, and it has gained relev-
ance in recent years as a result of methodological and technological develop-
ments. On the one hand, geography, cartography and other earth-related 
sciences have developed analytical tools and, on the other hand, hardware and 
software components also evolved substantially and enable spatial analysis. At 
the same time, the existence of several data production and availability projects 
has complemented the offer and provided support for implementation and test-
ing of various models.  

Spatial insolation models are also geographic models and can be categorized 
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into two types: point-specific and area-based. Point-specific models calculate 
insolation for a location based upon the geometry of surface orientation and 
visible sky. The local effect of topography is explained by empirical relationships, 
visual estimation or, more precisely, by the aid of upward-looking hemispherical 
viewsheds [13].  

Point-specific models can be highly accurate for a particular location, but it is 
not feasible to build a site-specific model in a region. In contrast, area-based 
models calculate insolation for a geographic area, and they calculate surface 
orientation and shadow effects from a DEM. These templates provide important 
tools for understanding the processes of a region.  

The SolarFlux model [14] [15] and [16], developed for use on the ARC/INFO 
GIS platform (Environmental Systems Research Institute, ESRI), simulates the 
influence of shadow patterns on direct insolation using the Hillshade function at 
discrete intervals over time. 

The Solar Analyst model builds on the strengths of point-based and area-based 
models. In particular, it generates an upward-looking hemispherical viewshed, 
essentially producing the equivalent of a hemispheric (fisheye) photograph [17] 
and [18] for each location in a DEM. Hemispherical viewsheds are used to cal-
culate insolation for each location and produce an accurate insolation map. It 
calculates the integrated insolation for any time period using latitude and eleva-
tion of the site, surface orientation (aspect), shadows cast by the surrounding 
topography, daily and seasonal changes in solar angle and atmospheric attenua-
tion. It is implemented as an extension of ArcGIS.  

According to the website https://ec.europa.eu/jrc/en/pvgis [19], PVGIS pro-
vides free and open Internet access to solar radiation and temperature data for 
photovoltaic potential performance evaluation. Its features are: photovoltaic po-
tential; solar radiation and temperature; complete time series of hourly values of 
solar radiation and photovoltaic performance; typical weather year data for nine 
climate variables; ready-to-print maps (by country or region) of solar resources 
and photovoltaic potential. It contains different solar radiation databases (based 
on satellite data and reanalysis products), covering the entire terrestrial territory. 
It also offers print-ready maps solar and photovoltaic potential, in PDF and 
PNG formats for individual regions and countries.  

Several studies have been conducted to include geographic modeling in mul-
tipurpose planning and decision-making activities, not just those involving da-
tabase structures. In order to clarify decision processes involving various projects 
and problems that require a spatial solution, the adaptation of GIS models has 
been a reality in the search for alternatives in power generation.  

4. Definition and Characterization of the Study Area 

The study area (see Figure 1) covers the largest island of the city of Florianópo-
lis, with 421.23 km2. It is located on the Atlantic Ocean, in the center of the coast 
of the Santa Catarina—Brazil, in latitude 27˚ South and longitude 48˚ West. 
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Figure 1. Study area. 

 
Florianópolis Island has an elongated and narrow shape, with an average 

length of 55 km and an average width of 18 km. With a very jagged coastline, it 
has several coves, tips, islets, bays and lagoons. It is situated parallel to the con-
tinent, separated by a narrow channel. Its relief is formed by mountainous and 
discontinuous ridges which serve as a watershed. The highest point is the Ri-
beirão hill, with 532 m of altitude. Parallel to the mountains, sparse plains 
emerge eastward and in the northwestern portion. On the east side of the island, 
there is presence of dunes formed by the action of the wind. 

There is no consensus on the number of beaches on Florianópolis Island; it 
can range between 42 and 100 beaches, all of which are very different in terms of 
access, amount of beach (sand), infrastructure, beauty, water temperature, wave 
formation and etc. 

The climate, according to the Köeppen classification [20], which analyzes both 
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temperature and precipitation simultaneously, is considered to be humid meso-
thermal, with hot summers, cold winters and humidity all year round. Accord-
ing to Strahler’s climate classification [21], which is based on climate controls 
and rainfall characteristics, the climate is considered to be Subtropical Humid, 
controlled by tropical air masses and polar air masses, with abundant rainfall, all 
year round, with maximum rates occurring in the summer, mostly in January. 

With regard to winds, according to data from the Integrated Center for Mete-
orology and Water Resources of Santa Catarina (CLIMERH), in the last 80 years, 
there has been a predominance of north winds (36.9%), followed by southeast 
winds (16.9%), south winds (15.7%), northeast winds (10.0%), northwest winds 
(2.8%) and southwest winds (1.1%). The prevailing winds in Florianópolis blow 
from the north quadrant, with average velocity of 3.5 m/s, but the fastest winds 
blow from the south with average velocities of 10 m/s. The south winds precede 
the entry of cold fronts and present gusts that reach up to 22 m/s [22]. 

The average temperature recorded by the Florianópolis Main and Synoptic 
Climatological Station during the period from 1911 to 2009 was 20.6˚C. The 
quarter with the highest average temperatures was January, February and March, 
with 24.5˚C, and the lowest average temperatures were recorded in the months 
of June, July and August: 17.6˚C. There is a great variety of vegetation because it 
is located in a coastal zone. 

Originally, “90% of area of the territory of the island was covered by vegeta-
tion; 74% of this vegetation was the Atlantic Forest; 9%, mangroves; 7%, beach-
es, dunes and sandbanks, and the rest was occupied by dunes without vegetation 
(4%) and by lagoons (6%)”. However, especially as a result of continuous hous-
ing development activity in several areas, the vegetation has been devastated in 
several areas [23]. 

The island has a unique biogeography with several ecosystems: mangroves, 
sandbanks, lagoons, dunes, beaches, rocky shores, forests. Each one of them has 
a vital role in the ecological balance and the maintenance of quality of life, hence 
many of them are legally established as Conservation Units (CUs). There are 13 
CUs on the Island: 7 parks, 1 extractive reserve, 1 private natural heritage re-
serve, 1 environmental protection area, 2 environmental monuments and 1 eco-
logical station. Importantly, in these areas, construction is not allowed, hence 
structures to capture energy via renewable sources cannot be installed. 

The economy in Florianópolis is centered around the public, commerce and 
services sectors, with a main focus on tourism. Industry and agriculture are not 
exploited for environmental reasons. However, the capital is prominent in the 
technology industry with approximately 300 companies. Artisanal fishing, an 
integral part of the culture of the island, which once provided subsistence to 
many native families, declined in the 1990s with the advance of industrial fish-
ing. On the other hand, there has been a growth, in the last two decades, of shell-
fish and oyster cultivation, which makes Florianópolis the largest oyster produc-
er in Brazil. 
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Regarding the generation and consumption of energy by renewable sources, 
there is not enough data to perform a quantitative analysis of the real situation 
of Florianópolis Island. It is known that viability of wind power generation, a 
priori, requires conditions that are not found in most Brazilian municipalities, 
including Florianópolis, which has large areas of vegetation, hills and also ex-
treme weather events such as extratropical cyclones that prevent the construc-
tion of wind farms, for example. The potential for insertion of stand-alone plants 
in households should be investigated, but there are not enough data from me-
teorological stations at different wind measurement heights to enable the identi-
fication of this possible wind potential in Florianópolis. The only data on aver-
age wind speed points to an inconstant value of only 3.5 m/s; according to [22], 
this is not considered to be sufficient to ensure the minimum potential of 3.6 
m/s, as indicated by [5].  

The energy generated by water sources, even in small format, needs appropri-
ate relief and large areas of land for flooding (to obtain sufficient water drop 
height to generate potential energy). It is therefore not suitable for exploration in 
cities or areas of environmental preservation; hence it is not present on Flo-
rianópolis Island. 

Some factors influence the retention of solar energy under the surface, such as 
geographical (relief and appearance) and climatic (atmospheric dynamics, mari-
timity and continentality) ones. The municipalities with the highest surface solar 
retention are far from the coast. But the analysis of the data provided by the So-
lar Atlas for the Florianópolis island shows the existence of absolute global solar 
radiation between 4500 wh/m2 and 4700 wh/m2 (watt hour per square meter) 
[24]. 

Photovoltaic solar energy is explored in households and in some companies, 
such as Eletrosul, as well as in research projects (e.g. UFSC Fotovoltaica). Solar 
thermal energy is also explored in households. 

5. Materials and Methods 

To develop the proposed method, first a bibliographic research was conducted in 
different bibliographic sources; then, an energy matrix (by renewable source) 
was chosen, taking into account the needs of Florianópolis Island. It was found 
that solar power was the most suitable source of energy to be surveyed, because 
of its availability, privileged geographical location, no need for transporta-
tion/logistics for use, and scarce use. 

The second step was to identify which conventional and primary cartographic 
information and products would be considered as essential to generate second-
ary information in order to identify solar energy potential, as well as to check 
their free, online availability. ESRI’s ArcGIS was defined as the GIS software to 
develop the model. 

The use of a DEM was considered to be essential for collecting information on 
altitude, inclination, slope to generate the solar potential by aspect of the 
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mapped surface. The DEM used a mosaic of 30 m pixel SRTM images as input to 
generate solar potential per aspect. 

To estimate the solar potential by aspect, weights were defined for the differ-
ent solar paths applied to the study region (considering the geographical loca-
tion of Florianópolis Island) through Analytic Hierarchy Process (AHP). Flat re-
lief regions (upward or flat aspect) have excellent potential for solar uptake, so 
they were assigned weight 5. The north-facing surfaces have very high potential, 
and were assigned weight 4. The surfaces facing northeast and northwest have 
high potential, and were assigned weight 3. The surfaces facing east and west 
have medium potential, and were assigned weight 2. The surfaces facing south-
east and southwest were assigned weight 1 because they have low potential, and 
the surfaces facing south were assigned weight 0 because they have null potential 
(do not receive insolation throughout the year). Figure 2 and Table 1 show de-
tails of this definition in the wind rose.  

 

 
Figure 2. Wind rose. 

 
Table 1. Weights by potential and aspect (solar orientations) of the study area. 

Aspect/Solar orientations Potential Solar Orientation Weight 

Flat Excellent −1˚ 5 

North Very High 337.5˚ to 360˚ and 0˚ to 22.5˚ 4 

Northeast High 22.5˚ to 67.5˚ 3 

Northwest High 292.5˚ to 337.5˚ 3 

West Medium 247.5˚ to 292.5˚ 2 

East Medium 67.5˚ to 112.5˚ 2 

Southeast Low 112.5˚ to 167.5˚ 1 

Southwest Low 212.5˚ to 247.5˚ 1 

South Null 167.5˚ to 212.5˚ 0 
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There was also a need to collect information on land use and occupation, 
which could come from either supervised satellite image classifications or from 
aerial photogrammetric restitution or from thematic cartographic bases to define 
the restrictions that should be taken into account in mapping solar energy po-
tential, such as CUs, for example. Based on this definition, a mosaic of LandSat 8 
(United States Geological Survey, USGS) images with 30 m pixel was used. They 
were fused from the red, green and panchromatic bands with a final resolution 
of 15 m and after that, supervised classification was performed to extract 6 
classes of land use and occupation (tree, shrub, urban, exposed soil, dunes and 
field). The class of tree vegetation was considered as the most important to de-
fine the restrictions because it can be correlated with the native forest of the re-
gion. The 13 CUs identified in Florianópolis, previously mentioned in item 3, 
were considered as restricted areas. Thus, these areas, after rasterization to a 15 
m pixel, formed another restriction class called CU.  

The ModelBuider tool was selected to build the GIS model and the Area Solar 
Radiation function was chosen to calculate the global radiation of the study area. 
They are both from ArcGIS. The Area Solar Radiation function also uses a DEM 
as input. For this purpose, the same 30 m resolution SRTM image mosaic was 
used to generate the potential by aspect. The following input parameters were 
entered: the year 2019; 14 h of daily radiation; 30-minute frequency; average 
geographical latitude of 27.5˚S; sky size resolution of 200; diffusion factor 0.3; 
transmissivity of 0.5e; uniform sky diffusion model. The calculated global radia-
tion returns the total value accumulated in the year; therefore, a calculation was 
performed to obtain the average daily radiation value in KW∙h/m2 using the ras-
ter calculator. Absolute global mean daily values (absolute radiation) were de-
termined.  

For a better representation of the solar potential reality of the study area, the 
solar potential by aspect was multiplied by the absolute average daily values (ab-
solute radiation), which generated the relative solar potential values. For inves-
tigation of the final solar potential, the restriction relative to tree vegetation 
(strongly correlated with the occurrence of Permanent Protection Area (PPA))— 
and also the CU class—was also multiplied as null value (weight 0). No other re-
strictions were considered because, a priori, solar panels can be installed in ur-
ban environments (roofs) as well as in water reservoirs. In the end, it was possi-
ble to identify the areas with potential to generate energy from the solar source 
for the Florianópolis Island region. Figure 3 shows a flow chart of the materials 
and methods used in this study. 

6. Results and Discussions 

The development of the model and its application allowed to present results in 
two distinct planes: the application in Modelbuilder where the flow was pro-
duced for identification of areas with solar potential (Figure 4), and the produc-
tion of maps identifying the areas with potential to generate energy from the so-
lar renewable source. Figure 4 can be seen that in blue are the cartographic bases 
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used (shapes or rasters), in yellow are the functions or operations used to per-
form transformations in the model and in green are the products generated, that 
is, the results of the integrations or algebras carried out. 

Table 2 and Figure 5 show the amount of solar potential by geographical as-
pect of the study area. In order for the study area to be geographically evaluated 
in relation to the solar potential, there are some variables that need to be ana-
lyzed, where the main one is the ideal inclination in relation to the receipt of 
sunlight during the year. 

 
Table 2. Solar potential by aspect. 

Aspect/Sun Orientations Potential Weight Area (km2) Area (%) 

Flat Excellent 5 33.24 7.89 

North Very High 4 90.32 21.44 

Northeast/Northwest High 3 112.05 26.60 

West/East Medium 2 88.30 20.96 

Southeast/Southwest Low 1 31.33 7.44 

South Null 0 65.98 15.66 

Total - - 421.23 100 

 

 
Figure 3. Materials and methods. 

 

 

Figure 4. Application of the model. 
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Figure 5. Solar potential by aspect. 
 
Therefore, this study focused on analyzing whether the Florianópolis Island 

region really had the adequate potential for exploiting solar energy, that is, 
whether the location’s latitude (approximately 27˚ South) and whether its orien-
tations of greater insolation incidence, corresponded to the geographic North or 
the Flat or flat faces. The solar height, which specifies the location of the Sun in 
space on each day of the year, was not considered. This work used global radia-
tion values for the whole of 2019, regardless of the season or special days. 

In this way, it was considered both the best uses of direct solar radiation that 
occur when the sun’s rays strike more and closer to the targets during the sum-
mer (more than 14 hours of sun a day), and the worst uses of solar radiation that 
occur when the rays strike less and more distant from the targets during the 
winter (only 9 hours of sun per day). 

It is noteworthy that the geographical position of Brazil allows the sun to 
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strike perpendicularly only to places where the latitude is up to 23˚ South, not 
being the case of the specific study region. 

Table 2 and Figure 5 show that approximately 84% of the investigated region 
has some solar potential a priori because of its position to the sun, with solar 
potential by aspect classified between low and excellent. The south face corres-
ponds to 15.66% of the area and has no solar potential. A priori, the flat face and 
the northwest, northeast and north faces correspond to the highest potentials as-
signed, resulting in 55.93% of the total area, i.e., the area has solar potential by 
aspect between high and excellent. 28.4% of the surveyed area also has potential; 
however, it ranges between low and medium. It is worth mentioning the North, 
Northeast and Northwest faces, which correspond to 48% of the total area, be-
cause of the geographical location of Florianópolis Island. 

After calculating the potential per aspect, the absolute global radiation accu-
mulated for the year 2019 was calculated using the “Area Solar Radiation” tool of 
ArcGIS. Then, using the Raster Calculator tool, the average daily radiation value 
was calculated in wh/m2 for the year 2019, which resulted in values between 
2.188 and 4.564 wh /m2. The map in Figure 6 and the description of the results 
in Table 3 show that the function for calculating global radiation uses the area as 
a whole and does not take into account the sun orientations. According to this 
result, the whole area has solar potential between 2188 and 4.564 wh/m2, which 
does not correspond to reality. 

For a better representation of the solar potential reality, the solar potential per 
aspect was multiplied to the absolute solar potential, generating the relative solar 
potential, which is shown in Figure 7 and Table 4, where it can be seen that the 
areas identified in black have no solar potential because of their position (south 
face). This corresponds to 7.89% of the surveyed area. 

Figure 7 also shows that there are many areas with solar potential identified 
in 92.11% of the area, with radiation calculated between 2.188 and 4.564 wh/m2 
(daily average for the year 2019).  

In order to identify the solar potential while taking into consideration the re-
strictions, the Florianópolis Island Conservation Units were subtracted from the 
relative solar potential map, resulting in the map shown in Figure 8. It can be 
seen that approximately 17% of the Island is composed of Conservation Units 
(shown in blue), and Table 5 shows the values per area of relative solar potential 
with restrictions. 

Figure 8 and Table 5 show that although there is an area of approximately 
17% of CUs on the Island, therefore with no expectation of exploitation of solar 
potential, there is still 76.73% of area with relative solar potential to be explored, 
with radiation values between 2.188 and 4.564 wh/m2 (daily average for the year 
2019), and most of the area (63.14%) has high solar potential with values be-
tween 3.903 and 4.564 wh/m2. No other restrictions have been surveyed because 
it is considered that solar energy can be explored in urban areas and even in 
lakes/lagoons. 
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7. Conclusions and Final Remarks  

It was concluded that all objectives were achieved because: the information and 
cartographic products needed to develop the model and the application was de-
fined; a model was implemented in Modelbuilder which resulted in the identifi-
cation of possible areas with solar potential and; the model in Modelbuilder was 
applied in a study area for validation. The resulting maps presented satisfactory 
results, pointing to the solar potential for the study area, that is, Florianópolis 
Island. 

It is considered that: the application of Modelbuilder in different geographic 
regions depends on a few factors and needs some assumptions to be taken into 
account, such as the use of DEM for extraction of altitude and aspect (sun 
orientations), satellite images or rasterized land use and occupation maps to de-
fine the possible restrictions. 

 

 

Figure 6. Absolute solar potential—Daily average for the year 2019. 
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As to the solar potential of the region, it is concluded that it is high for solar 
exploration, since more than 76% of the region has some solar potential, be-
tween low and excellent, mainly because of the relief and the geographical situa-
tion of the Island, with many north, northeast and the northwest faces. 

For the areas with solar potential identified in this work, further studies should 
be conducted on the type of equipment to be installed (thermal for fluid heating 
or photovoltaic for power generation), as well as on the use of other models with 
higher resolutions, such as Digital Surface Models (DSM) from laser surveys or 
Unmanned Aerial Vehicles (UAVs), to validate and improve results. 

It is further recommended that, for applications of this geographical model in 
other regions of the globe, the following assumptions should be taken into ac-
count a priori: existence of DEM and DSM, configuration of parameters for he-
misphere, latitude and appearance of the site, as well as verification of the num-
ber of hours of sunshine per year, cloudiness and rainfall. 

 

 
Figure 7. Relative solar potential—Daily average for the year 2019. 
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It is concluded that in the study area and also throughout Brazil, there is still a 
need for studies and discussions involving managers, public and private compa-
nies, universities, research centers, among others, to define a long-term strategy  

 

 

Figure 8. Restricted Relative Solar Potential—daily average for the year 2019. 
 

Table 3. Absolute solar potential—Daily average for the year 2019.  

Radiation (wh/m2) Area (km2) Area (%) 

Between 2.188 and 3.418 12.41 2.95 

Between 3.419 and 3.735 34.79 8.26 

Between 3.736 and 3.968 52.76 12.53 

Between 3.969 and 4.173 267.16 63.42 

Between 4.174 and 4.564 54.11 12.85 

Total 421.23 100.00 
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Table 4. Relative solar potential—Daily average for the year 2019.  

Radiation (wh/m2) Area (km2) Area (%) 

0 33.24 7.89 

Between 2.188 and 3.562 18.17 4.31 

Between 3.563 and 3.902 48.77 11.58 

Between 3.903 and 4.152 258.36 61.33 

Between 4.153 and 4.564 62.69 14.88 

Total 421.23 100.00 

 
Table 5. Restricted Relative Solar Potential—daily average for 2019. 

Radiation (wh/m2) Area (km2) Area (%) 

Restriction (CU) 71.63 17.01 

Without potential 26.36 6.26 

Between 2.188 and 3.562 16.37 3.89 

Between 3.563 and 3.902 40.92 9.71 

Between 3.903 and 4.152 212.70 50.50 

Between 4.153 and 4.564 53.25 12.64 

Total 421.23 100.00 

 
to provide the production of solar energy, with a view to increasing energy de-
mand and availability of high-level solar radiation that can be used throughout 
the year. 
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