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Electricity is practically indispensable for the development of a country.In this sense, for its
production, it is currently widely used non-renewable natural resources such as oil, gas, water,
coal, uranium and others.Aiming at the environmental protection and sustainability of these
resources, it is necessary to implement measures to implement electricity generation from
renewable sources such as photovoltaic and wind energy.The objective of this work is to address
the renewable sources of electricity generation using the photovoltaic and wind energy matrixes
focused on the sustainability of natural resources currently used for the production of electric
energy in Brazil as well as in the Amazon region.To do so, the methodology used to perform this
work was the research of data in scientific works that covers the main focus issue of this
work.And, based on the results already widely analyzed and discussed by several authors, a
discussion is applied on the use of these two sources of renewable energy for the Amazon region,
in order to discuss the viability or not of the electric energy generation using of the photovoltaic
matrix or region.Where, at the end of the work, it is concluded that, due to the characteristics of
the Amazon region, even though it is an expensive energy generation matrix, the generation of
electric energy using the photovoltaic energy matrix is the best and most Electricity generation in
comparison with the production of electricity through the wind energy matrix for the Amazon
region.
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INTRODUCTION

After all, the progress of each nation is indelibly linked to the
production and/or availability of this important input (1).

The world population growth is undoubtedly a preponderant Given this scenario, it is extremely important to apply all

factor for the increase in energy consumption across the
planet.Since it is necessary, greater environmental resources
to produce electric energy, to guarantee food, consumer
goods among others that can meet the population demand
and the development of the nations. In the modern world,
within the borders of countries, practically all activities
developed to provide a quality life for people depend on the
use of electricity. Therefore, the generation of electric energy
is treated strategically by governments.

technology, knowledge, tools, processes and other means
that can mitigate the degradation of the environment due to
the need to be generated more and more electric energy to
meet the consumption of population demand. The
development of alternative sources of energy, such as solar
energy, wind, biomass, among others, has been receiving
more and more attention in recent years.One of the main
motivations was the increased environmental concern, in
particular due to possible greenhouse consequences for
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future generations (2). In 2013, about 80% of all energy
produced came from the burning of fossil fuels, which are
greenhouse gases. Fortunately, this dependency has been
decreasing in recent years, thanks to the use of renewable
energy sources (2). It is important that governments of all
nations invest in the production of policies that focus on
mixing the dependencies of the use of non-renewable sources
to produce electric energy and, with special attention to the
sustainability of natural resources. Brazilian energy policy
has advanced in several directions over the past 50
years.Since the so-called "Brazilian miracle", attributed to
the impulse given to the construction of infrastructure in the
country, we have historically witnessed spatial
transformations in the Brazilian territory in the name of the
accelerated process of industrialization (3). The discourse of
development was justification for the installation of several
hydroelectric plants in the main hydrographic basins of
Brazil and strongly marked our energy park.Of the electric
energy generated in Brazil, more than 60% is produced by
hydroelectric plants, an inheritance associated with the
abundance of water resources in the country and the potential
for generating national rivers. However, more recently, other
sources were introduced into the Brazilian energy matrix, of
technological advances (3). In this article, we discuss the
importance of the generation of renewable energy sources
and the sustainability of the natural resources used for
electricity generation in Brazil, especially in the Amazon
region.Among these renewable sources of energy, we have
the example of solar Photovoltaic (PV) and wind.

Although the sustainability discourse surrounding the wind
power generation process is widespread, there are risks
involved from the installation process to the generation
process.In this sense, the environmental licensing and the
economic and environmental feasibility studies of the
projects call attention to several factors, from the impacts to
the migratory fauna to the social responses to the lease of
land for the installation of the wind towers (3). Wind energy
is clean, environmentally friendly in technological terms,
compatible with large-scale electric generation, has reduced
environmental pollution and water consumption and does not
produce CO, (4).In addition to the risk of supply insecurity
being small (5). The installation of the project is quick
compared to other energy sources since wind turbines are
produced on an industrial scale and can be quickly installed
and connected to the power grid (6). It is considered that the
major solution to global environmental problems lies in
renewable energy technologies, which would be the basis for
global sustainable development, especially when considering
the problems associated with pollutant emissions (7). From
another point of view, solar energy is also another source of
energy that contributes positively to meet the demand of
electric consumption as well as the environment, since it is a
renewable and clean source of energy. The use of the energy
generated by the sun, inexhaustible on the terrestrial scale of
time, both as a source of heat and light, is now one of the
most promising energy alternatives to provide the energy
necessary for human development.When talking about
energy, it should be remembered that the sun is responsible
for the source of virtually all other sources of energy on earth
(8). It is from the energy of the sun that the evaporation takes
place, the origin of the water cycle, which allows the
damming and consequent generation of electricity
(hydroelectricity).Solar radiation also induces large-scale
atmospheric circulation, causing the winds.

Wind energy is also an indirect form of the manifestation of
solar energy, since the winds are formed from the conversion
of solar radiation into synetic energy, due to a different
balance in the different latitudes between incident solar
radiation and terrestrial radiation Issued (8). Oil, coal, and
natural gas were generated from plant and animal residues
that originally obtained from the resource energy needed for
its development (8). Therefore, the motivation for this work
was to seek to address about the importance of the generation
and use of renewable energy sources, with a comparative
focus between the use of solar Photovoltaic (PV) and wind in
order to weigh the advantages and disadvantages from one to
another to meet the consumption of demand that arise due to
human needs, especially in the Amazon region. But also, the
use of said energetic matrices throughout the Brazilian
territory and especially in the Amazon region, with a view to
preserving the non-renewable natural resources used for the
generation of electric energy, such as oil, natural gas, coal
mineral, uranium and water, currently in scarcity all over the
planet as well, in some regions of Brazil. Therefore, using
renewable sources of clean energy contributes to the
sustainability of the natural resources currently available.

Bibliographic Revision

Solar resource as an energy generator: The sun is the main
source of energy on earth.In addition to being responsible for
the maintenance of life on the planet, solar irradiation is an
inexhaustible source of energy, and there is an enormous
potential for its use by means of a capture and conversion
system in other energy sources, such as thermal and
Electrical (8). The sun is basically a sphere of incandescent
gas, at the core of which happens the generation of energy
through thermonuclear reactions.Its structure, (Figure 1), is
composed of the main regions: nucleus, radiative zone,
convective zone, photosphere, chromosphere, and crown
(sometimes called corona) (8). The nucleus, with a
temperature of about 15 million degrees Kelvin, is the
densest region and where energy is produced by
thermonuclear reactions.Just above is the radiative region,
where the energy produced in the nucleus is transferred to
the upper regions through the radiation (8). The average
annual energy flux from solar radiation (solar irradiance),
when measured in a plane perpendicular to the direction of
propagation of the sun's rays at the top of the earth's
atmosphere, is called the "solar constant" and corresponds to
the value of 1,367 W/m? (8). Considering the radius of the
earth 6371 km and, considering the value of the irradiance of
1,367W/m?* focusing on the projected area of the earth, it is
concluded that the total power provided by the sun to the
earth, the top of the atmosphere is approximately 174
thousand TW (terawatts) (8).

Distribution of average solar irradiation: The value of the
solar irradiation incident in a plane oriented in the direction
of the Equator and with a slope equal to local latitude allows
to calculate the electrical energy that can be converted by a
fixed photovoltaic system. The (Figures 2 and 3) present
maps showing the average annual irradiation of Brazil and
European countries.It can be observed that the potential
available in Brazil is higher when compared to countries in
Europe, where photovoltaic conversion is already widely
used.In addition to the size of the country, it is observed that
in the whole Brazilian territory there is availability of
equivalent solar irradiation or better than in the countries of
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Figure 2: Brazilian map of solar irradiation on an annual average (10).1
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Figure 2: European map of solar irradiation on annual average (10).

southern Europe and surpassing countries such as Germany,
a country with significantly installed generation system
capacity Photovoltaic (8). The amount of energy in the form
of heat and light coming from the sun is continually
measured in petawatts 121.8 (121,8x10"° Watts). This is
absorbed by clouds in the land, sea and land masses.This
colossal energy, one of the indispensable elements for the
existence and maintenance of life on our planet, can be
utilized, through the use of technical processes, in other
forms of energy controlled to meet the needs in improving
the quality of life of the people. The harnessing of solar
energy has been done in various ways over time by human
societies that have already existed and exist.Some inventions
or attempts to use the old solar energy were not successful
because they were not efficient or practical. Solar energy
emerges as a promising alternative, in virtue of great energy
potential, especially for Brazil, which is in a privileged
geographical position of the planet. (2) However, the
production of solar photovoltaic energy worldwide has a
0.7% market share of renewable energy, representing 22.1%
of the total, of which about 90% of the solar modules are
commercialized, are based on photovoltaic cells of mono and
polycrystalline silicon, which have a high cost (12). In this
way, the low representation of the photovoltaic market
Comes from the high cost of manufacturing these solar cells,
which represents an obstacle to the popularization of this
energy source (2). In this context, solar cells titanium dioxide
(Ti0O,) dye - sensitized (English: DyeSensitized Solar Cells -
DSSC) or simply cells Grdtzel, which arose in the early 90’s,
represent an interesting alternative to produce low cost solar
modules (12). The photovoltaic source has a characteristic
that is not found in any other known: it can be used

anywhere, generating electric energy near the consumer,
generally, without the need to build long transmission lines
(14).

The potential for photovoltaic use, however, is immense, and
can be estimated from tens to hundreds of MWp only in the
Amazon region, even if only a portion of the existing 286
diesel generating plants with a capacity of 620MWA could
adopt photovoltaic modules in an Optimized diesel-
photovoltaic ratio (15).In addition, while the distribution of
solar radiation in the region is considerable, and with little
seasonal variation, as shown by the mapping presented
(Figure 2), the distribution of wind resources in the region is
one of the worst in the country (26.45 TWh/Year) (16). In
this way, photovoltaic solar technology is one of the most
viable renewable energy alternatives currently available to
meet the region's demand, which is dispersed and relatively
low energy density.Fossil fuel economy and greenhouse gas
emission reductions are examples of the benefits brought
about by the adoption of a simple system with the addition of
photovoltaic generator without energy storage capacity to a
thermal plant fueled with diesel oil.Adding to this the
prospect of future conversion to a photovoltaic/fuel cell
configuration would result in a 100% "clean and renewable"
generation based exclusively on the solar resource (17).

Nternal Energy: The wind consists of the displacement of
air masses, which brings with it energy with an enormous
potentialparaser used in the generation of electricity.This
branch of electricity generation has been expanding widely
in recent years because it is a clean and abundant energy and
for already presenting a cost of generation feasible to the
point of being inserted in the Brazilian energy matrix (5).
Concerns about issues such as environmental impacts and
global warming have created a need for changes in electricity
generation in several countries around the world.Several
countries have set targets and defined programs to create a
more favorable environment so that alternative sources of
electricity could have a more effective participation in the
electric power generation matrix, also reducing dependence
on fossil fuels (23). At the end of 2013, global wind capacity
reached 318GW and annual installed capacity has been
around 40GW since 2009, with variations of 10% in line
with fluctuations in the world economy (24).The share of
renewable energy in the Brazilian electric energy matrix is
around 85%, while the global average is around 20%
(25).Hydropower is the main responsible for this significant
participation of renewable energies in the electric
matrix.Hydraulic generation participated in 2012 with
approximately 77% of the electric power generation in
Brazil, while in 2011 this share was 82%.This situation
makes the country dependent on weather conditions for
electricity generation.The share of wind energy jumped from
0.5% in 2011 to 0.9% in 2012 (25).

Obtaining electricity from the wind has many benefits and
the functioning of this system involves several fundamental
contents of the physical.The basic principles for the
generation of electric energy from the wind are closely
related to major themes studied by physics that can serve as
an aid to the study of these contents.The study of the physics
that contemplates the wind energy passes through subjects
like the formation of the winds, mechanical energy produced
by the wind, the transmission of this energy and its
transformation into electrical energy (5). Wind energy is one
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of the forms assumed by solar energy.Wind is the movement
of air as a result of an irregular heating of the atmosphere by
the Sun. The earth's atmosphere is heated unequally due to
the solar radiation incident on the terrestrial surface that is
not equally distributed and to the rotating movements of the
planet itself (26). Wind energy can be considered as one of
the forms in which the energy coming from the Sun
manifests, because the winds are caused by the differentiated
heating of the atmosphere.This non-uniformity in the heating
of the atmosphere must be credited, among other factors, to
the orientation of the sun's rays and the movements of the
Earth (27).

This process known as thermal convection, where thermal
energy is transmitted through matter, also occurs in other
cases, such as with breezes.During a sunny day, the air heats
up in contact with the earth's surface and rises while on the
surface of the water or oceans this process, in the same time
interval, is slower due to the specific heat plus
water.Therefore, during the day, the winds blow from the
water to the mainland.Already at night, the water takes
longer to cool than the earth, so the inverse process occurs,
and the atmospheric air will blow from the earth to the water
(5). The wind is very variable, both geographically and
temporally, being influenced by various aspects, which affect
its intensity, direction, and direction, such as soil and relief
conditions, the presence of obstacles, among others (5). The
energy contained in the wind can be used to power
electricity.A wind system can be used in isolated systems,
hybrid systems or systems connected to the grid.Hybrid
systems present the use of more than one source associated
with the generation of electric energy, such as wind turbines
and photovoltaic modules, diesel generators, among others.
(5). Isolated systems are used to supply certain regions, in
rural areas, on farms or in homes.Systems connected to the
grid, such as wind farms, correspond to systems where all
generation is delivered directly to the grid (26).In addition,
wind power generators can be positionated at sea which are
called offshore.A device designed to obtain electricity from
wind is called a wind turbine.According to aspects related to
the construction project, the aerogenerators can be classified
according to the position of the axis of rotation of the wind
rotor (5).

Figure 3: Aerators classified according to the axis of rotation (a) axis of
vertical rotation (b) axis of horizontal rotation (29).

Energy quality in the context of wind generation describes
the electrical performance of the wind generator's electricity
generation system where any disturbances over the power
grid must be maintained within established technical limits
according to the level of demand imposed by the network
operations manager. For the most part of wind turbine
applications, the grid can be considered as a component

capable of absorbing all the power of these units, with
constant voltage and frequency.In the case, for example, of
small isolated systems, situations can be found where the
electric power provided by the aerogenerator achieves values
compatible with the capacity of the network.Where the grid
is weak, energy quality should be one of the main issues to
be observed regarding the use of wind turbines (size, type
ofControl, etc.) (27). A wind system can be used in three
different applications: isolated systems, hybrid systems and
systems connected to the grid.The systems have a basic
configuration, require a power control unit and, in some
cases, a storage unit (27).

MATERIALS AND METHODS

For the development of this article, it was necessary to use
bibliographic research methods in books, dissertations and
articles already published by both national authors and
authors from other countries that deal with the subjects
described here, and all authors are cited in the references of
this article job. Through the reading and interpretation of the
subjects focus of this work, written by different authors, it is
verified that the methods of electric power generation with
the use of photovoltaic and wind energy sources contributes
significantly to the sustainability and maintenance of the
nonrenewable natural resources that are currently used for
electricity generation. The main focus of this article is
extensively studied and supported by the aforementioned
authors who carried out fieldwork, interviews, information,
meetings with community leaders and conversations in
several traditional communities regarding the
implementation of a photovoltaic clean energy generation
system and wind. In some regions of Brazil there is still
occurring, to a lesser or greater degree, the generation of
electric energy generating units in industrial, commercial and
residential buildings, whose projects fit and benefit from the
advantages of this generation/ consumption system by the
physical reduction in final consumption. In buildings of this
type are implanted to generate one of the following sources
of energy systems:

Photovoltaic: generation by the action of sunlight with the
installation of photovoltaic modules, equipment, and
materials by specialized companies. As it is a modular
system, it is possible to generate very variable powers. The
available area of the building property for installation of the
solar modules defines the maximum power to be obtained

(1).

Wind: generation by wind action, with vertical or horizontal
axis machines capacity deaté 5kW, 110-220V domestically
manufactured or imported (1). Although wind power is
considered clean and renewable, the installation of wind
farms is promoting major impacts on the environment and
the traditional way of life of the locals, however we glimpse
some solutions (37). The research methodology of this study
was based on the critical and analytical reading documents
books, theses, articles published in prestigious journals that
address on the subject matter hereof, and ordering with
cohesion and coherence topics here to clarify the issues
addressed here.

ENERGY MATRIX IN BRAZIL
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Figure (6a) presents the structure of the Brazilian primary
energy supply matrix and figure (6b) is used in the
production of electricity. The burn of the fossil fuel anwers
the demand for much power in transmission and serves
setordecercade 40% of the energy used to agricultural
Brazilian sectorcausingmaisimportante contribution of gases
greenhouse emissions (cabon CO dioxide 2 and carbon CO
monoxide, etc.) in Brazil. Programasde incentive to
dequeima adoption of biomass (ethanol and biodiesel) are
being implemented in the country expected that in the near
future, biomass has significant contribuition of these sectors
reducing the Brazilian contribuitionto the global emission of
greenhouse gases (16).

% (a)
43,6%

Outros Cana de Agticar
13,2%

Biomassa
13,1%

Gis
Natusal
8,7%

Figure 4: a) Brazilian energy matrix andb) Brazilian power
matrix (16)

Currently, hydropower is the main source of electricity
generation of energy in Brazil. Although considered a
renewable font clean, hydroelectric plants produce
environmental impact not appropriately evaluated, due to the
large cultivated areas alagamentode (38). Studies show that
efeitoestufa gases, mainly methane (CH,) are emitted into
the atmosphere in consequence anaerobic degradation of
organic matter processes that occur in wetland (39). In
addition, Brazilian river main rivers capable of generating
high energy density of hydroelectric are almost already
exhausted in the main consuming centers of the country (16).
Nuclear power source is referred to as a "clean" of electrical
energy by not cause the emission of greenhouse gases to
aatmosfera. From the point of view of development, it is
aalternative for cover the expected energy deficit, diversify
sources of energy and enable the Brazilian nuclear program.
The country has a coma world's sixth largest uranium
reserves and only 25% of national territory were mapped. As
a result, government The Project resumed construction of the
nuclear plant Creek III, capacidadede 1.300 MW, thus
completing the cycle that began with Creek 1 em1985.
However, nuclear power has not been well accepted civil by
society because of questions about the risks associating the
problem of storage of radioactive waste generated (16).
Among the renewable sources of energy, wind energy is
wich has received more investment because of the Incentive
Program  for  Alternative = Sources of  Electric
Energy(PROINFA), coordinated by Mines and Energy
Ministry (MME). The technological capability of domestic
industry and decreasing the costs of wind electricity, when
huge national wind potential association are (143.5 GW
according to the Atlas of Brazilian Wind Potential (40))
indicate that this form of generation will be able to occupy in
the medium term, an important role in the country, mainly
acting as a decentralized source and complementarde energy
coupled to the power grid.

However, according to this mesmafonte of information,
much of Brazil, including praticallythroughout the Amazon

and central Brazil, presents condition not suitable for wind
power generation. On the other hand, Brazil, as a country
located the most Partena inter-tropical region, has enormous
potential for solar energy utilization throughout the year
(41,42). The use of solar energy brings long-term benefits for
the country, enabling the development of remote regions
where the cost of electrification by conventional network is
too high in relation to the financial return on investment,
regulating the energy supply in times of drought, decreasing
dependence on the oil market and reducing emissions of
greenhouse gases to the atmosphere as established by the
Kyoto conference (43). There is a wide range of possibilities
in the medium and long-term use of this abundant form of
renewable energy, ranging from small autonomous
photovoltaic systems to large plants that use concentrated
solar power, or hydrogen production systems for use in fuel
cells production work with zero emissions of CO,. However,
today this energy still has an incipient participation in the
Brazilian energy matrix - just solar energy for water heating
has aroused interest in the domestic market, mainly for
employment between the A and B classes of society, industry
and in hotel services (16).

Internal energy offer in brazil: Most energy sources, such
as hydro, solar, wind, biomass, and fossil fuels, can be
considered directly or indirectly from solar energy (44). In
2015, the domestic energy supply (total energy available in
the country) reached 299,2 Mtpe, registering a decrease of
2.1% over the previous year. Part of this decrease was
influenced by the behavior of the domestic supply of oil and
derivatives, which drew 7.2% in the period, due to the
surplus flows in export and import of these energy sources.
Also contributed to the fall in gross domestic supply
weakening of economic activity in 2015, the year that the
Gross Domestic Product (GDP) contracted 3.8%, according
to the latest data released by the Brazilian Institute of
Geography and Statistics (IBGE) (45). In the case of
electricity, it has also been found a decline in domestic
supply of 8.4 TWh (1.3%) compared to 2014. For the fourth
consecutive year, due to unfavorable hydrological
conditions, was made available hydraulic energy reduction.
In 2015 the decrease was 3.2% compared to the previous
year. Although the minor water supply, was a breakthrough
in the share of renewable energy matrix para75.5% 74.6%
explained by the decrease of heat generation derived base oil
and the base of the generation increase biomass generation
and wind reached 21.6 TWh - growth 77.1% - thus
exceeding nuclear generation in 2015. the wind power
reached 7633 MW, 56.2% expansion (45).

l Oferta interna de energia 2015/2014
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Figure 5: Internal offer energy 2015/2014 (45).
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As for the costs of electricity, these consist of a fixed part
corresponding to the amortization of the invested capital -
and a manageable part, composed of the expenses necessary
for the operation of the power plant (6). The fixed part
covers the costs incurred in the implementation of the plant
(design, equipment, construction, assembly and testing), and
the administrablepart is the cost of operation and
maintenance, insurance, wages, etc. encargostrabalhistas low
rates implies rationalization of these expenses and therefore
incompatible with corporate pressures and mercantile
interests decurto term (6). In the case of nuclear power
plants, there are also fuel costs, of decommissioning the end
of life and management of waste radiativos. The costs
actually practiced should be established through the
negotiations between the grantor and the investor, in which
enter subjective criteria such as "attractiveness" for the
investor and "reasonableness" for the consumers; hence the
ethical imperative that the process be absolutely transparent.
It is calculated that in Brazil, the cost of hydropower stays at
around R $ 80/MWh and nuclear at $ 200/ MWh.between
both come wind power which was negotiated by
approximately R$ 100/MWh, in recent auctions held by the
Ministry of Mines and Energy (6). Equation unit cost for
photovoltaic power can be obtained from the graph (Figure
8), which has been generated according to some power
values and their unit cost (49).

20000

216000 -

- .

3 14000 e
£ 12000

2 10000
2000 y = 20877x 04
RZ=0,7151

Custo Unita

0 20 40 60 80 100 120 140 160
Poténcia (MW)

Figure 6: Graphic unit cost as a function of power (49).

Since the unit cost equation for wind energy can be obtained
through the graph (Figure 9), from investment actual values
of Brazilian wind parks and their powers (49).

¥ =1.092,119x09%2
R2= I"I,QQ1

Cun/P

0.01

\‘1“\“*___‘___‘_'

0 40000 80000
P [kw]

120000 160000

Figure 7: Curve for determining the unit cost of a Brazilian
wind farm (51).

The (Figure 10) shows the cost of capital for each type of
source as a function of power. It can be observed that the
smaller the less power the total investment. In addition, it is
noted that energy with the largest investment is the
photovoltaic and the cheapest is wind energy.

Regarding Small Hydro Power (SHP), it can be seen that the
higher the waterfall, the lower the cost of capital (49).

R$ 350,000,000.00
R$ 300,000,000.00
RS 250,000,000.00
R$ 200,000,000.00
R$ 150,000,000.00
R$ 100,000,000.00

R$ 50,000,000.00

Investimento Total
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Poténcia (kW)
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Edlica =Fotovoltaica == Biogas

Figure 8: Capital cost for each type of source as a function of
power (49).

Photovoltaic Energy In Brazil: The solar energy incident
on the earth's surface is more than about 10.000 times the
gross demand current power of humanity. However, its low
density (energy/area) and its geographic and temporal
variation represent major technical challenges for its direct
use on a large scale. In search of the direct use of solar
energy, various technologies have been studied, with
particular emphasis on photovoltaic conversion, thermal
conversion and bioclimatic architecture. (44) The
photovoltaic conversion constitutes the direct conversion of
light energy into electricity through the photovoltaic effect.
The thermal conversion constitutes the direct use of sun
thermal energy, either for immediate use (heating water,
industrial processes, etc.) or to generate electricity via a
thermodynamic process (steam generation, etc.) (44). Most
of the impressive growth of the PV market is related to
installations connected to the grid in developed countries.
There is a huge potential for this application in sunny urban
areas around the world. Brazil is particularly well situated for
this type of application, because of the considerable
availability of solar energy resource, and the high value that
can be given to PV systems in commercial areas to urban
centers. (52)

The solar radiation maps on an inclined plane in the value of
local latitude (Figure 13) show both the possibility of use of
PV nationwide as the small seasonal variation throughout the
year. In the survey of the economic viability of PV projects,
more detailed information of the seasonal solar radiation
distribution is required, and the project database Solar and
Wind Energy Resource Assessment (SWERA) provides the
mapping of this solar resource in temporal resolution (10).
PV systems can contribute to the maximum capacity of
umarede the peak demand occurs during the day. Comercial
regions with high air conditioning loads in the overall noon
time have demand curves in good sync with the solar
radiation (53,54). Another important factor in this analysis is
the comparison between the peak load values in winter and
summer. The higher demand in the summer compared to the
winter period, the greater the chance of the load coincide
with the availability of solar resource. This is typical
behavior in most of the capitals of Brazil (10). Consumption
data curves of urban areas around the country show the
difference between the areas where commercial buildings
dominate, with peak demand during the day, and residential
areas, where the demand peak values occur at dusk.
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To make best use of the distributed nature of solar electricity
generation, it is important to know the PV capacity in
different areas of the city when installing a new PV station,
to select consumers with higher credit potential (10). In this
context, the Concept of Effective Potential Load Easing
(ECCP) of PV was set to quantify the credit potential of a PV
facility located strategically (54,55). (Figure 12) shows that
for a typical demand curve in an urban center, the peak
reduction effect by adding a small number of PV modules
(for example, 2m’ thin film photovoltaic amorphous silicon
15% efficiency) to assist in reducing the network load
requirements. To determine the potential benefit of PV
systems (Figure 12), it is necessary to know the distribution
of solar radiation on an hourly basis, and this information
can be accessed throughout the Brazilian territory through
the database generated in SWERA project. In the near future,
when the use of PV systems interconnected to the grid
become more widespread, with the cost reduction and
recognition of the benefits of the generation PV distributed,
lifting the effective potential load mitigation will be of high
strategic value for suppliers einvestidores of energy. In
developing countries, solar power has had the booster agent
to their application to meet small demands in isolated areas.
With a significant portion of the population living in the
countryside and still without access to electricity and basic
social services, Brazil and several other countries have found
this technology possible solution (44). In Brazil, another
motivator certainly be a strategic concern for the Amazon
region, in which there is field for the application of
photovoltaic hybrid systems/diesel. Brazil has a significant
advantage over the developed countries regarding the use of
solar energy as it is located at a latitude range in which the
incidence of solar radiation is much higher than that in those
countries (44).

Photovoltaic energy in the amazon region: Due to its large
land area, it is a challenge for utilities bring energy to all
inhabitants of the Amazon region. The Amazon region (AC,
AM, AP, MA, MT, PA, RO, RR, TO) is sparsely populated,
with approximately 17 million people ocupando5 million
km’, which means 12% of population the country about 59
% of its territorialextentions. The power generation, where it
exists, based on it’s mainlythermoelectric isolated systems
with power ranging from a few kW paraas small houses tens
of MW bigger cities the paras. Only 9% of the country's
electrical energy consumption are found in the Amazon
region, and it is estimated that about 30% of the population
of region not have access to electricity (44) .More than 300
small isolated diesel generation systems are operated in the
Amazon concessionariasde electricity sites, and other
thousands are used by private owners (44).Currently, is
widespread that of distribution decentralization of energy
and energy sources utilization is the only way to deliver
electricity to billions of people who have access to this yet
notessential commodity for quality of life.Not in the capital
available and cost effective undermines the traditional
naforma distribution. The long distances and demand
relativelt low to make the transmission and distribution costs
prohibitive (16). Thus, solar technology is one of the most
alternative energy available now had answered demand in
the region, which is scattered and relatively little density
energy. The fossil fuel economy and emission redugdode
greenhouse gases are examples of benefits brought by
adopting a single system with the addition of photovoltaic
generator without energy storage capacity to thermal a plant

fed with diesel fuel. Added to this aperspectival future
conversion to a photovoltaic configuration /fuel cell
generation would result in a 100% "clean and renewable"
based solely on solar resource (16).

Figure 9: Solar radiation on tilted annual average plan (10).

The mappings of solar energy resources show a high solar
radiation flx in the Amazon region (about 5.5 MW/m?) with
low variability inter-seasnal and appropriate the technical
standards recommended for hybrid mini-systems technology.
The (Figure 14) shows that, on a yearly average, the potential
available for daily generation PV in kWh/kWp, which can be
expected to PV technology of amorphous silicon employed
thin film in the Amazon region, with the small towns and
local villages and diesel generation unit’sregion (10).
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Figure 10: Potential available for daily generation PV in kWh/kWp, in
the Amazon region (57).

Energy wind in brazil: Obtaining electricity from wind has
many benefits being that function of system involves several
physical and fundamental content. The basic principles for
generating  electrical  energy from  wind relate
intimamentecom major themes studied by physics that can
will serve as an auxiliary to the study of such content. The
physical study of contemplating the wind passes by themes
such as the formation of the wind, the mechanically made
wind energy, the transmission of energy and asua
transformation into electricity (58). The wind is considered a
renewable source of energy and its use occurs by converting
the kinetic energy of translation into kinetic energy of
rotation, with the use of wind turbines to generate electricity
or pinwheels and mills for mechanical work such as pumping
water (59).
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The wind energy exploitation began with shipping, with
vessels sailing moved for thousands of years. However, the
winds began to be seen as important in electricity generation
only from the early nineteenth century, and a century later,
with the first major 1970 oil crisis, when there was, in the
West, political interest and sufficient investment to enable
the development and production of wind power generation
equipment on a commercial scale (60).

Several countries, including Brazil, spent efforts in research
on the use of wind energy for electricity generation (61).
However, it was from the stimulus experience market held in
California in the 1980’s, Denmark and Germany in the
1990’s, that the wind-electric utilization reached significant
levels in terms of electricity generation of economy (62).
Wind power offers a commercial and mature technology that
has been used on a large scale in developed nations since the
early 90’s, often with government subsidies (44). Brazil has
water and wind potential to open his possibilidadede produce
renewable and sustainable manner, all the energy elétricaque
consumes at present and consume from 2050, when,
according to the Brazilian Institute of Geography and
Statistics (IBGE), the population will be stabilized at 215
million (50). The history of wind power in Brazil is directly
related to the state of Ceard and developed forcefully in the
1990°s this period date the studies for the wind energy
potential that is concentrated in the states of Ceara and
Pernambuco. Began the measuring towers between 30m to
50m installed at selected locations on the coast of the states
of Ceara, Bahia and Paran4, as well as areas in Minas Gerais,
which were studied since 1983. Strategically, the
government established the first Ceara wind energy
commercialization projects, attracting the state national and
international investors, and in 1993, towers were installed to
prospecting for wind potential, the energy Company of Ceara
(COELCE) and the Hydroelectric Company of Sao Francisco
(Chesf) that enabled, in 1996, the first demonstration project
of wind technology in Brazil (59). In 2001, the Center for
Energy Research (Eletrobras/Cepel) conducted an inventory
of the Brazilian wind potential, estimating it at 143 GWpara
turbines found on the market, installed in the most recent 50
meters. Study towers show that, with the development of
more efficient turbines and higher towers, the potential may
exceed 280GW (50). Currently, the research focused on new
materials that enable the development of wind turbines
larger. Today, the industry manufactures wind turbines with
power range of up to 2MW. There is now strong intention of
applying this technology, especially on the coast of
northeastern Brazil, where winds schemes are considered
good. On the coast of the state of Ceara, for example, are
already installed more than 15 MW of wind generation, the
majority of private sector. Already there are also facilities in
the states of Parana and Minas Gerais (44). In Brazil still find
themselves other promising locations where measurement of
winds campaigns is being carried out, for example, the north
coast of the state of Rio de Janeiro (44).

RESULTS AND DISCUSSION

Grounded on all the information produced by different
authors mentioned above in this article, about the generation
of electricity using for this renewable source of clean energy
dedicated exclusively to power generation using solar energy
(photovoltaic) and wind (wind), it can be said, from the data
presented in this paper, it is possible to meet the world

population demand, but especially to Brazil, making use of
these technologies (photovoltaic and wind). In general, it can
be seen (Figure 16) which, in the case of Brazil, the use of
wind power has evolved over the years. And that, for certain
regions (northeast, southeast and south) where the
predominance of winds (Figure 17) are favorable in most of
the year, up to viable investment from the government,
companies and generating private industries of electricity,
expand wind farms already existing in these regions, making
better use of the wind potential regions that do not have wind
farms for implementation of new generating parks electricity.
Thus, it becomes possible to produce electricity by means of
renewable energy generation, contributing to the
sustainability of non-renewable natural resources are scarce
and are currently needed for the generation of electricity. In
the case of Amazon, in regions where the main source of
electricity is with the use of disel oil burning for the
operation of power plants. It is important to bring some
examples, considering the experiences of other countries,
good practices related to planning, installation and operation
of wind farms, as regional and local plans for the deployment
of wind energy projects in Germany, Ireland and Australia
that outline clear guidelines for integrating wind turbines
with other land uses (63). In Brazil, despite having more than
90% of clean generation (hydroelectricity), there is still
broad scope of renewable energies, since over 90% of its
land area are located in the tropical region, with excellent
solar resource, plenty of biomass, and good wind regimes in
some regions, causing Brazil undoubtedly is one of the
largest countries in the world for application of these
technologies (44). The critical magnitude for evaluating the
wind potential of a region is the local wind speed (v), which
influences cube - shaped (v°) in calculating the available
potential (64). Therefore, the feasibility or otherwise of the
use of wind systems essentially depends on the wind regime
of the area concerned, and may be said, through the inimetos
cases already studied, that in general the operation of
electricity generation through wind turbines should be
considered only at locations which have a higher average
velocity of the wind or of 6 m/s. For regions where the winds
have available speeds below this, you should think only in
the use of wind energy for water pumping (service small
communities, irrigation, etc.), yet in places not served by the
electricity grid, or where costs are high (64). The Brazilian
wind map produced by Eletrobras (1988), from data obtained
by the Ministry of Aeronautics (at airports), and Secreetarias
of Agriculture (meteorological ports), indicate that for the
Manaus region an average speed of about winds 1,5m/s.
Moreover, the study of ELETROBRAS also indicates the
occurrence of high periods of calm produced by the
influence of quante air masses that dominate the region, such
equatorial landmass and intertropical convergence, the latter
acting in almost every year, causing instability and the
predominance of vertical movements of air masses instead of
horizontal movement (64). Considering now the Manaus
geographic localization, its high rainfall and the enormous
array of small rivers and streams that cross the region, the
little need for irrigation or water accumulation, it is
concluded that the use of option wind power in this location
must be virtually ruled out. This finding coincides with
several other studies, such as the plan 2015 Eletrobras
(1994), citing only the north of Roraima as a promising area
for wind energy utilization in the northern region of the
country, and the study by the Electric Company of
Amazonas (CEAM) (65).
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As mentioned above, the Amazon region to the wind
conditions for installing wind farms do not provide favorable
conditions as shown in isopleta winds (Figure 17). So, do not
be investment makes possible this kind of renewable power
generation depending on wind conditions and other factors,
for example, environmental conditions of the region, due to
be the largest forest area in the world and a heritage of
humanity in which all aim at forest protection, and also not
provide conditions of large open areas such as the coastal
areas of the northeast, southeast and south that, for the
implementation of wind farms. However, for the use of
renewable electricity generation from the use of photovoltaic
cells, the Amazon region has an enormous potential and
many challenges. However, in the Amazon, the challenges to
bring electricity to the communities are extremely complex
given its large territory and those humans habitating areas
with compact, dense forest hydrographic web and in this
condition, solar photovoltaic energies are considerated an
alternative to energizing isolated and remote areas (65). The
sparse populations in large areas of Brazilian amazon are
difficult, in turn, the use of conventional electrification, but
can be met by renewable energy, which even had a strategic
character in border regions (44). In Amazonas state, we
found several communities distributed along the rivers,
distant from each other. Most of these communities are
remote, remote areas of the capital and the cities of the state
eainda difficult to access, being considerated by residents of
these isolated community’s dependent on forest resources
and rivers for their survival(66).

Conclusion

The concept of sustainability in the generation and use of
electricity aims to manage the ecosystem to establish a
commitment to a harmonious relationship with the
environment in an assessment of results and impacts on soil,
water, flora, fauna and all the elements of nature. The
buildings housing projects must therefore consider all the
technical requirements always framed this concept to
consider quality and sustainable projects (1). Brazil is a
country rich in renewable resources, but needs to invest more
in these areas and become less dependent on electricity
polluting sources such as those used in power plants, and has
water and wind potential that open you the possibility to
produce in order renewable and sustainable, all the electricity
it consumes in the present and future.

As shown in this work, we see the enormous potential that
Brazil must generate electricity, in addition to the main
headquarters that the country has for power generation
(hydropower). However, on the advantages and
disadvantages that each system has, we highlight for
photovoltaic systems the following positive points.

Renewable and Sustainable: Solar radiation is a
phenomenon naturalndo pollutant, and with the great
advantage of being inexhaustible, plus desertion free, it does
not require processing for your use. Poroutro hand, the
manufacture of the equipment and materials necessary
parauso the mounting system is for industrial processes in
totalmentecontrolaveis environmental pollution aspect,
aprodugdo including solar panels. It is therefore a process of
generation of electricity framed as sustainable. There is no
mechanical movement motoresou parts in the system, there
is no production deruidos (1).

Installation area: In residential projects, solar panels
sdonormalmente installed on rooftops or buildings,
ieemespacos unused constructions. In areas of parking, it has
also been installed solar panels that serve as coberturapara
cars.

Modular: If need to expand capacity in geragdoelétrica, the
system is modular, allowing additions by adding other panels

(D).

Maintenance: The equipment and system components are
simple technologies, so the need for maintenance is minimal.
The duration, in terms of component life is long. The
fabrication of photovoltaic cells and modules or plates is
more sophisticated technology, particularly the cell due to
the production of silicon (the most used today) with
appropriate  characteristics. Only countries that cell
manufacturing technology are the providers worldwide (1).
Costs: While the cost of investing in yet be high deployment,
with the increased use of this type of generation already
verified decay in prices, with continuous trend this fall. This
tendency is making the generation of photovoltaic electricity
a solution more economically viable. It is likely that in the
near future, there is a faster evolution of this economic
viability and the use of this power generation system
becomes more popular. Operating source solar energy free

(1).

Isolated Systems: The electricity generation by use of solar
energy is umafonte excellent electrical supply to remote
places oude difficult access, being isolated systems. Has
been usually deployed to suit small loads of special purpose
facilities (1). However, the disadvantage, the photovoltaic
system consists of the following points:

Variable Generation: The amount of electricity produced
has immediate variation linked to the weather conditions
(cloudy, rain, snow). During the night there is some
production, which requires the storage of energy produced in
batteries during the day in isolated locations without public
distribution network. The electrical energy storage in
batteries, despite the continuous evolution, is limited in
power to small powers (1).

Cost: Initial investment in Brazil is high more because
dosmodulos photovoltaic transformation, which are always
imported. Depending on the project, this investment may
take longer to be amortized. You need to assess very
carefully the costs versus benefits before deployment (1).

Performance and Limitations: Solar panels have up to 25%
yield. This imposes a limitation on the performance of
electric generation capacity because the number of solar
panels that can be installed in the available area ownership.
The conditions of atmospheric pollution in the system
installation region may influence the photovoltaic generation
capacity (1).

Difficulty: One aspect to be considered in the design of
photovoltaic power generation in existing or new residential
building, is about the direction in which the panels are to be
installed, since, for greater efficiency must be oriented to the
north, by because of better utilization of solar radiation. This
aspect may not be framed as a disadvantage, but no doubt is
relevant and may introduce additional costs (1).
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As energy production with the use of energy sources from
wind, you can highlight as positive points:

Environmental pollution and reduced water consumption
don’t produces carbon dioxide (CO,, ; the installation of the
project is fast compared to other energy sources; the wind is
considered inexhaustible and renewable source of energy;
wind power, has a sales and mature technology that has been
employed on a large scale in developed nations since the
early 90’s; Brazil has water and wind potential that open you
the possibility to produce, renewable and sustainable
manner, all the electricity it consumes in this and consume
from 2050; inventories of the Brazilian wind potential,
estimated at 143 GW of turbines found on the market,
installed on towers 50 meters and, more recent studies show
that, with the development of more efficient turbines and
higher towers, the potential may exceed 280 GW;

The disadvantage can stand out naturally: If the wind farm
deployments are not properly planned correctly can cause
environmental impacts that interfere with the migration
routes of the winged wildlife, or cause acoustic impacts
above tolerable limits in populated areas.

So, if conlcui that, alongside technical, economic and
environmental requirements, the use of arising electric
potential of photovoltaic and wind renewable sources is
highly possible alternative economically and
environmentally to be applied in electricity production that
will meet the inhabitants of regions around the Brasil. When
it comes to the Amazon, it is concluded that besides the main
generator matrix of energy (hydroelectric) and the
thermoelectric power matrix that serves the region, despite
the costs are still too high, the photovoltaic renewable energy
is one of the promising alternatives to meet energy demand
in the region. However, in function of the factors already
mentioned in this work, uses the energy matrix arising wind
clean sources are not technically feasible for the Amazon
region. Therefore, one can also assert that a clean energy
system like the wind and photovoltaic, structured in
Brazilian conditions would be entirely sustainable and would
be able to indefinitely cover the Brazilian demand for
electricity. This means that only with the use of sustainable
clean energy sources, Brazil can, in the field of electricity, to
match the highly developed European countries. In other
words, development must be pursued through the
improvement of education and public health, improved
production processes and product quality, rationalization of
telecommunications infrastructure and transport systems and
so on - and of course, the rational use of energy for these
purposes (68). Brazil is a country that is fully rich in sources
of clean and renewable energy resources, however, it is
essential that the government, private companies and society
concienrizem and investammais in these areas to become less
dependent on generating polluting energy sources, those used
in thermal power plants.

BIBLIOGRAPHIC REFERENCIES

(1)FERNANDES, L.M.  Eficiéncia  energética e
sustentabilidade para edificagdes, altoqi. Florianopolis:
2017.13 p.

(2)SONAI, G. Et al. Células solares sensibilizadas por
corantes naturais: um experimento introdutdrio sobre
energia renovavel para alunos de graduagdo.Sao
Paulo,v. 38,n. 10,p. 1357-1365. Sao Paulo,

Dezc.2015.Disponivel
em:<http://www.scielo.br/scielo.php?Script=sci_arttext
&pid=S0100-40422015001001357& Ing=en&
nrm=iso>.Acessado em 17/Fevereiro/2017.

(3)FREITAS, M.M.Avaliagdo de riscos geolodgicos no
planejamento energético eodlico no Rio Grande do
Norte, Brasil.Fortaleza, v. 15, n. 1, p. 117-129, Margo,
2016.Disponivem em:<http://www.scielo .br/scielo.php
?Scrip  t=sci_arttext&pid=S1984-2201201600010011
7&1 ng=en&nrm=iso>.Acessado em: 17/ Fevereiro/
2017.<http://dx.doi.org/10.4215/RM2016.1501.0009>

(4)SAIDUR, R.; RAHIM, N. A.; ISLAM, M. R.; SOLANG]I,
K. H. Environmental
impactofwindenergy.renewableandsustainable  Energy
Reviews, v. 15, p. 2423-2430, 2011.

(5)VRIES, B. J. M.; VUUREN, D. P.; HOOGWIJK, M. M.
Renewableenergysources:their global
potentialforthefirst-halfofthe 21st centuryat a global
level: anintegrated approach. Energy Policy, v. 35,
p-2590-2610, 2007.

(6)CEARA. Projeto das usinas eodlicas do estado do
Ceara:relatorio técnico. Fortaleza: Secretaria de Infra-
Estrutura, 2004, 19p.

(7)DINCER, 1. Renewableenergy and sustainable
development: a crucial review. Renewable and
Sustainable. Energy Reviews, v. 4, p. 157 — 175, 2000.

(8)PINHEIRO, J.T.; GALDINO, M.A Manual de engenharia
para sistemas fotovoltaico. CEPEL- CRESESB. Rio de
Janeiro, 2014, p. 530.

(9) MATRIX, U.A matriz universal dos sistemas e ciclos
naturais.Disponivel em: http://theuniversalmatrix.com/
pt-br/artigos/wp-content/uploads/2011/12/Sol-
Estrutura-Interna.pngacesso em 13/06/2017.

(10)PEREIRA, E.B.; MARTINS, F.R;; ABREU, S.L;
RUTHER, R. Atlas brasileiro de energia solar. INEP,
2006.

(11)COMMISSION, E. PVGIS Photovoltaic Geographical
Information System.Energy Unit, 2013.

(12)SAWIN, J. L, SVERRISSON, F.;
RENEWABLES.Global Status Report,REN21
Secretariat: Paris, 2014.

(13)O’REGAN, B.; GRATZEL, M. Nature, 1991.

(14)AGENCIA NACIONAL DE ENERGIA ELETRICA.
Nota Técnica, n° 0083 /2012-SRD/ANEEL, del2 Junho
2012. Processo: 48500.002798/2012-61.

(15)BEYER, H.G.; RUTHER, R.; OLIVEIRA, S.H.F. PV
systems as optiontoassistdieselbasedelectricitysupply in
thebrazilianamazon, in, Ed. G.Chakravarthy, A.
Shukla& A. Misra, pp. 179 — 194, 2004.

(16)CENTRO DE PESQUISAS DE ENERGIA ELETRICA.

Atlas do potencial edlico brasileiro.
CEPEL/ELETROBRAS/Ministério de Minas e Energia.
45p., 2001.

(17)PEREIRA, E.B.; MARTINS, F.R; ABREU, S.L;
RUTHER, R. Atlas Brasileiro de Energia Solar. Sao
José dos Campos, 2006.

(18)ELETROBRAS AMAZONAS ENERGIA. Resumo
doprojetomini usinas fotovoltaicas com mini rede de
distribui¢dode energiaelétrica. Manaus, 2012.

(19)ELETROBRAS: Atlas brasileiro de energiasolar.Sao
José dos Campos 1* Edigao, 2006.

(20)PEREZ, R.; LETENDRE, S.; HERING,C. PV and grid
reliability: Availability of PV Power during Capacity
Shortfalls, Proceedings of the American solarenergy



38468

International Journal of Development Research, Vol. 10, Issue, 07, pp. 38458-38469, July, 2020

Society - ASES Annual Conference, Washington, DC,
1-4,2001.

(21)KNOB, P.; RUTHER, R.; JARDIM, C.S.; BEYER, H.G.
Investigating the peak demand reduction capability of
PV: A case study in Florianopolis, South Brazil,
Proceedings of the 19th European Photovoltaic Solar
Energy Conference, Paris — France, 877 - 8§90, 2004.

(22)CABRAL, R.P; PINHEIRO, M.C.A.; LEITE, J.C.
Photovoltaic generation system applied in isolated
communities in the Amazon.Manaus, 2015.

(23)RAMPINELLI; G.A.; JUNIOR, C.G.R.Revista ciéncias
exatas e naturais. 2012.

(24)GLOBAL WIND ENERGY COUNCIL. Global wind
report annual market Update (Global Wind Energy
Council, Brussels, 2014).

(25) EMPRESA DE PESQUISAS ENERGETICAS (EPE),
Balango energético nacional 2013, Ano Base 2012:
Relatorio Sintese EPE.Rio de Janeiro, 2013.

(26)NEVES, E.G.C.; DAN, R.C.F.; TEIXEIRA, C.F.A.
Introdugdo ao estudo de energia edlica. Caderno
Didatico Universidade Federal de Pelotas, Pelotas,
2009.

(27)DUTRA, R.M.; FERREIRA, J.C.E.Energia eoélica:
principios e tecnologias.Centro de Referéncia para
Energia Solar e edlica Sérgio de Savio Brito.
CRESESB. Rio de Janeiro,
2008.Disponivelem:<http://www.cresesb.cepel.br/down
load/tutorial/tutorial_eolica 2008 e-book.pdf>
Acessado em 30/Maio/2017.

(28)Amarante, O.A.C.;Brower, M.;Zack, J.Atlas do
Potencial Eolico Brasileiro (Ministériode Minas e
Energia, Brasilia, 2001.

Disponvelem:<http://www.cresesb.cepel.br/atlas_eolico
_brasil/atlas-web.htm. Acesso em 10/Maio/2017>.

(29) Hau, E. Fundamentals, Technologies, Application,
Economics.Berlim, 2006.

(30) Camioto, F.C.; Rebelatto, D.A.N. Assessment
oftheenvironmentalcontributionbychangingtheenergym
atrixofthe Brazilian pigironandsteel sector. Sao Carlos,
2014.

(31) Intergovernmental Panel ON Climate Change - IPCC.
Climate change 2007: Mitigation of climate change.
Cambridge: Cambridge University Press, 2007.
<http://dx.doi.org/10.1017/CB0O9780511546013>

(32)Silva, F. I. A.; Guerra, S. M. G. Analysis of the energy
intensity evolution in the Brazilian industrial sector -
1995 to 2005. Renewable and Sustainable Energy
Reviews, v. 13, n. 9, p. 2589-2596, 2009.
<http://dx.doi.org/10.1016/j.rser.2009.01.003>

(33) Glavic, P; Lukman, R. Review of sustainability terms
and their definitions. Journal of Cleaner Production, v.
15, p. 1875-1885, 2007. Http://dx.doi.org/10.1016/
j-jclepro.2006.12.006

(34)Lior, N. The current status and possible sustainable paths
to energy “generation” and Use. Nuclear & Renewable
Energy Conference (INREC), 2010 1% International.
Amman, 2010. P. 1-19.
<http://dx.doi.org/10.1109/INREC.2010.5462556>

(35)Paz, L. R. L,; Silva, N. F.; Rosa, L. P. The paradigm of
sustainability in the Brazilian energy sector. Renewable
and Sustainable Energy Reviews, v. 11, n. 7, p. 1558-
1570, 2007. <http://dx.doi.org/10.1016/
j.rser.2005.12.005>

(36)Simdes, A. F.; LA Rovere, E. L. Energy sources and
global climate change: the Brazilian case. Energy

Sources Part A: Recovery, Utilization & Environmental
Effects, v. 30, n. 14-15, p. 1327-1344, 2008.
<http://dx.doi.org/10.1080/15567030801928854>

(37)Lima, M. C. Pesca artesanal, carcinicultura e geragdo de
energia eblica na zona costeira do Ceara. Revista Terra
Livre- AGB, v. 31, p. 1 -16, 2009.

(38)Stivari, S. M. S; Oliveira, A. P.; Soares,
J.Ontheclimateimpactofthe local circulation in the
Itaipu lakearea.climaticchange, 72(1-2):103-121,2005.

(39)Fearnside, P. M. Do hydroelectric damsmitigate global
warming? The case ofbrazil’scurua-Una  dam.
Mitigationandadaptationstrategies forglobal Change,
10:675-691, 2005.

(40)Centro DE Pesquisas DE Energia Elétrica. Atlas do
potencialedlicobrasileiro. CEPEL/ELETROBRAS/Mini
stério de Minas e Energia. 45p., 2001.

(41)Tiba, C. Atlas solarimétrico do Brasil - banco de dados
terrestres. Recife: Editora Universitaria da UFPE, 2000.

(42)Colle, S.; Pereira, E. B. Atlas de irradiagdo solar do
Brasil -1%. Versdo para irradiagdo global derivada de
satélite e validada na superficie. Brasilia:Instituto
Nacional de Meteorologia, 1998.

(43)Pereira, E.B., COLLE, S. A energia que vem do
sol.Ciéncia Hoje. 22(130): 24-35. 1997

(44)Galdino, M.A.E.; Lima, J.H.G.; Ribeiro, C.M.; Serra,
E.T. O contexto das energias renovaveis no Brasil.
Revista da Direng. Disponivel em:
<http://www.cresesb.cepel.br/publicacoes/download/Di
reng.pdf>. Acesso em 11/Junho/2017.

(45)Balango Energético Nacional 2016: Ano base 2014 /
Empresa DE Pesquisa Energética (EPE). - Rio de
Janeiro: EPE, 2016. Disponivel em:
<http://www.cbdb.org.br/informe/img/63socios7.pdf>.
Acesso em 12/Junho/2017.

(46)Bortoleto, E.M. A Implantacao de grandes hidrelétricas:
Desenvolvimento, Discurso e Impactos.Vitoria, 2001.
Disponivel em:<http://www.periodicos. ufes.br/
geografares/article/view/1140/853>.
Acessadoem17/Julho/2017.

(47)Pereira, G. Viabilidade econdmica da instalagdo de um
biodigestor em propriedades rurais.ljui,
2009.Disponivel em:
<http://bibliodigital.unijui.edu.br:8080/xmlui/bitstream/
handle/123456789/214/Disserta%C3%A7%C3%a30%2
0Gilberto%?20Pereira.pdf?Sequence=1>. Acesso em
13/Julho/2017.

(48)Agéncia Nacional De Energia Elétrica. Energia
Solar.2008. Disponivel em:<http://www.aneel.gov.br/
aplicacoes/atlas/pdf/ 03-Energia_Solar(3).pdf>. Acesso
em 14/Junho/2017.

(49)Rangel, M.S.; Borg.; Tos, L.LF.S.Analise comparativa de
custos e tarifas de energias renovaveis no Brasil
Revista Brasileira de Energias Renovaveis. 2016.
Disponivel em:  <https://www.google.com.br/url?
Sa=t&rct=j&q=&esr c=s&source=web
&cd=1&cad=rjakua ct=8&ved=0ahuke wiatf336c_uah
wd myykhqlkex4qfg gumaa&url=http
%3A%2F%2Frevistas.ufpr.br%2Frber%2Farticle%2Fd
ownload%2F48124%2Fpdf&usg=afqjcngrokbeynyqi
tzbjyib7dlb7nnmqé&sig2=pfdgto-ocih_ Wpppc_zhsq>
Acesso em 12/Junho/2017.

(50)Carvalho, J. F.; Sauer, I. L. Does Brazilneed nuclear
powerplants? Energypolicy,v.37, p.1580-84, 2009.
(§1)Santos, I. F. S.; Filho, g.lt.; Barros, R.M. Analises

econdmicas, de sensibilidade e elasticidade em projetos



38469

Doriedson Sousa Dias et al. Renewable energy and sustainability: An approach to the use of photovoltaic and wind

energy matrices for the amazon region

de energias renovaveis no Brasil. Revistabrasileira de
Energia, v. 21, n° 2, 2015.

(52)Ruther, R.; Schmid, A.; Beyer, H. G.; Montenegro, A.A.;
Oliveira, S.H.F. Cutting on Diesel, boosting PV: The
potential of hybrid DIESEL-PV systemsin existing
mini-grids in the Brazilian Amazon, Proceedings of the
3rd World Conference on Photovoltaic Energy
Renewable and Rural electrificationconversion, Osaka -
Japan, 555 — 558, 2003.

(53)Perez, R.; Letendre, S.; Herig,C.PV and Grid Reliability:
Availability of PV Power during Capacity Shortfalls,
Proceedings of the American solarenergy Society -
ASES Annual Conference, Washington, DC, , 1-4,
2001.

(54)Knob, P.; Riither, R.; Jardim, C.S.; Beyer, H.G.
Investigating the peak demand reduction capability of
PV: A case study in Florianopolis, southbrazil,
Proceedings of the 19th European Photovoltaic Solar
Energy Conference, Paris — France, 877 — 890, 2004.

(55)Perez, R.; Seals, R.; Herig, C. PV canaddcapacityfothe
grid, NREL Publication DOC/GO-10096-262, NREL,
Golden — USA, 1996.

(56) Beyer, H.G.; Riither, R.; Oliveira, S.H.F. PV systems as
option to assist Diesel based electricity supply in the
Brazilian Amazon, in, Ed. G.Chakravarthy, A. Shukla
& A. Misra, pp. 179 - 194, 2004.

(57)Ons, Operagdo Nacional do Sistema Elétrico Interligado:
dados relevantes de 2001.

(58)Picolo, A.P.; Buhlj, A.J.; Rampinelli, G.A. Uma
abordagem sobre a energia e olica como alternativa de
ensino de topicos de fisica classica. Universidade
Federal de Santa Catarina. Revista Brasileira de Ensino
de Fisica, v. 36, n. 4, 4306 (2014). Disponodivel
em:<http://www.sbfisica.org.br/rbef/pdf/364306.pdf>A
cesso em 18/Junho/2017.

(59) Gorayeb, A.;Brannstrom, C.Caminhos para uma gestdao
participativa dos recursos energéticos de matriz
renovavel (parques eo6licos) no nordeste do Brasil. DOI:
10.4215/RM2016.1501.0008, 2016. Disponivel
em:<http://www.scielo.br/pdf/mercator/v15n1/1984-
2201-mercator-15-01-0101.pdf> Acessado em
15/Julho/2017.

(60)Abber, S. Environmental impacts of wind energy.
Journal of Clean Energy Technologies, v. 1, n. 3, p. 251
—254,2013. Doi: 10.7763/JOCET.2013.V1.57

(61)Dincer, I. Renewable energy and sustainable
development: a crucial review.
Renewableandsustainable Energy Reviews, v. 4, p. 157

- 175, 2000.

(62)Brasil. Atlas do potencial edlico brasileiro. Brasilia:
Ministério de Minas e Energia, 2001a, 42p.

(63)GL. Rules and guidelines industrial services: guideline
for the certification of Wind Turbines. Hamburg, 2010,
339p.

(64)Silva, E.P; Jannuzzi, G.M; Gadgil, A.; Leonardi, M.L.
Possibilidades do uso de fontes renovaveis em Manaus.
Revista  Brasileira de  Energia.  Disponivel
em:<http://new.sbpe.org.br/wp-
content/themes/sbpe/img/artigos_pdf/v06n02/v06n02al
.pdf>Acesso em 21/Junho/2017.

(65)Ribeiro, E. B. P. Levantamento das Potencialidades
Energéticas do Estado do Amazonas. Projeto
Ceam/PIMEB. Brasilia, 1985.

(66)Araujo, C.F. Eletrificagdo rural em comunidades
isoladas na amazobnia: introducdo da energia
solarfotovoltaica na reserva extrativista do rio um ini,
AM. Disponivel em:<http://www.ppgcasa.ufam.edu.br/
pdf/dissertacoes/ 2015/Cinthia%20Araujo.pdf>.
Acessado em 21/Junho/2017.

(67) Associagdo Brasileira De Normas Técnicas.
NBR6123:Forcas devidas ao vento em edifica¢des. Rio
de Janeiro, 2010. 66 p.

(68)Carvalho, J. F. Measuring economic performance, social
progress and sustainability using an index. Renewable
and Sustainable energy reviews, v.15, p.1073-9, 2011.



