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Abstract

Energy development plans involving the use of solar energy are very beneficial
from an environmental perspective. Its impacts are specific to geographic lo-
cation; taking advantage of the solar energy potential basically depends on re-
liable estimates of the climatological amount of solar radiation received at the
surface, which is a complex function of meteorological and environmental
factors. Obtaining solar radiation data is essential for local development, to
characterize them, there are several cutting-edge methods and technologies.
One of them is the use of satellite images with high resolution. The aim of this
paper is to assess the climatological aspects of incoming solar radiation in
clear sky conditions in the State of Jalisco, Mexico and Guadalajara Metropol-
itan Zone. The results are intended to stimulate the use of solar radiation as
an alternative energy source in an area where heavily relying on fossil fuel
combustion.
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1. Introduction

The planet Earth is going through a critical moment in environmental matters;
the constant emission of Greenhouse Gases to the atmosphere, global and local
climate change, the vulnerability and climatic variability coupled with sprawl of
cities, appear to be out of control. The industrial development of the 19th cen-
tury, the dependence on fossil fuels of the past century and today, they have
caused society to leave the benefits that nature has provided. In this sense, one of

the main concerns of governments around the world is the search for energy re-
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sources that allow its population an integral development [1].

In this context, urban growth, technological development and the socio-eco-
nomic structure are demanding greater consumption of energy. If this trend
continues, reducing planetary fossil fuel reserves estimated at only 40 to 60
years; so, in a short time, these energy sources will come in stage of exhaustion
and increase in prices [2].

According to the above, the current energy model based on excessive con-
sumption of fossil fuels requires a radical change. While it is true that the con-
cern of the governments of the countries is to provide energy to the society, so
must the environment. Given the situation, in recent years, it has been observed
that large cities begin to experience changes in the way of using conventional
technologies based on fossil fuels with renewable energy; including the use of
solar heaters and/or photovoltaic cells.

In fact, within the principles of sustainability (economic, social and ecological)
nature, it is based primarily on renewable solar energy, in other words, getting
energy directly from Sun or indirectly via biomass, the movement of water and
wind, as well as other forms of renewable energy such as geothermal in the inte-
rior of the planet. Referring to this, studies show that with continued govern-
ment support, solar energy can provide 20% of the world’s electricity by 2020
and 50% by 2050 [3].

Different countries of the world are making efforts to promote its use so
much, so that those who are not oil producers have significant experience re-
garding the use of solar potential based technologies. Use of them is a strategy
that most developed countries demands from local and international aspects;
this provides the opportunity to guide activities in modern projects of govern-
mental and social participation, business and the exploitation of the natural re-
sources of the territory.

Some cities are advancing in the production of renewable energies, like solar.
An example to meet the required demand and achieve sustainable development
for its people is Los Angeles city, California; this is the most important potential
market of renewable energies (solar) in United States and one of the most prom-
ising in the world. This city is located to the Southwest and receives a fairly sig-
nificant irradiation average of between 1 kW/m® These conditions have resulted
in that both the State authorities and the private sector continue to create a
prospect of certainty for their promotion and development [4].

Likewise, Spain has the right conditions for the provision and use of solar
energy; indeed, it is one of the European countries that have one of the highest
radiation surfaces [5]. Their situation with regard to other countries of the geo-
graphical area is comparatively favorable. Just to cite one case, the city of Madrid
receives a daily average radiation between 4.6 and 5.0 kW/m? same that it is
used usually for domestic water heating (solar heating) and for electricity gener-
ation (photovoltaic).

Precisely, recent studies show that solar energy is the greater natural resource

of utilization since it provides more energy in one hour to our planet that the
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entire world’s population consumes in a year. In this context, if Sun is the main
energy source, this can be stored and available for the user’s demand, Ze, re-
quiring his capture, conversion and storage, compared to fossil energy, the sav-
ings can be significant [6].

However, the substitution of conventional energy production to renewable
solar not can be popularize and imitate in any time and space under the same
conditions and characteristics. Nor it occurs spontaneously, by itself or by de-
cree. On the contrary, it is a process that has occurred (since the first oil crisis)
on concern countries in obtaining energy resources that enable people to an
integral, endogenous and specific development for each territory. For this pur-
pose, it requires the active participation of different stakeholders, agreements
and common interests in energy projects.

In terms of obtaining accurate data of solar radiation, this information becomes
important for local development; however, worldwide data are scarce, due to the
high costs of the instruments of measurement, accuracy and maintenance. There-
fore, characterize it reliably without terrestrial information required to have or use
other current technologies based on satellite images that allow high resolution to
estimate its amount, considering its terrain and climatic characteristics.

In relation to the above issues raised, the objective of this study is to obtain,
through the management of data from satellite images, the main results on the
amount of solar radiation in the State of Jalisco, Mexico and Guadalajara Met-
ropolitan Zone (ZMG). The results of this analysis can be motivation to the de-

velopment and use of solar energy as the primary energy source in the region.

2. Antecedents

The models for the estimation of solar radiation are needed as references to un-
derstand the geometric and environmental factors that affect the flow of solar
radiation energy and make estimates where there is global irradiation data and
its components. The first models developed determined the global solar radia-
tion starting to meteorological variables; including humidity, precipitation,
cloud cover and effective sun hours. To become more common measurement
models were developed to determine the direct and diffuse components. Cur-
rently they stand the methods for estimating the solar radiation and its compo-
nents from the data provided by satellite imagery.

In this case, geostationary satellites carry out the monitoring of the atmos-
phere and cover of clouds continuously at different time scales (e.g., hourly and
monthly), covering large regions. Regarding the Geostationary Operational En-
vironmental Satellite (GOES) has the advantage of providing insolation data on
a continental scale with high spatial and temporal resolution; generates solar
radiation maps with a detailed resolution on specific regions. Such maps provide
an excellent opportunity to study the climate and surface energy [7]. Therefore,
this makes them a suitable source of information for integration into Geographic
Information Systems (GIS).

The estimating from models based on satellite data, as any other technique has
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a margin of error conventionally considered, a mean square error between 20%
and 25%, when compared with measurements carried out by stations located at
specific sites. It is for this reason that should be noted the importance of terre-
strial networks (stations distributed in the observed territory) as an essential
source of information [8]. In addition, knowledge of the solar radiation is crucial
for obtaining and implementing different models; among them, evaporation of
water and efficiency in irrigation systems, crop growing and energy efficiency,
among others.

Several studies have shown that countries located within the so-called Global
Solar Belt (CSG) represent about 75% of the world population and 40% of the
global electricity demand (Figure 1) [9]. However, high levels of solar radiation,
the installed capacity in these countries only makes up only 9% globally [10]. A
study published in 2010 reported that the countries located in this belt (between
the latitudes of £35° with respect to the Equator) have solar potential which still
not been effectively exploited. A study published in 2010 reported that the coun-
tries located in this belt (between the latitudes of £35° with respect to the Equa-
tor) have solar potential which still not been effectively exploited [11].

At the national level, Mexico is geographically located within this CGS; poten-
tially suitable surface for utilization. Through the elaboration of documents such
as the Atlas of Solar potential (Figure 2) [12] and wind of the Mexican Republic,
the Secretary of Energy (SENER) encourages the use of renewable energies.
These instruments are for public use and provide information related to the
amount of received solar radiation and wind potential in the territory; In addi-
tion, they can be the beginning of regional and local studies [13].

In this context, its location on the American continent, geography, latitude

Snuﬁ:é Solar Millennium AG, Erlangen

Approprieate for
solar thermal power plants: B excellent [ | very good good not appropriate

Figure 1. Global solar belt [9].
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Figure 2. Annual average solar global radiation for Mexico [12].

and altitude, the influence of the tropical, dry and temperate climates, particu-
larly the predominance of dry weather in approximately 50% of the country,
make conducive the uptake of this natural source of energy. Its tropical climate
with around 30% and the warm climate with 20%, complete 100% of the analysis
of the Mexican territory [14]. In this respect, the Federal Government has de-
veloped a rural electrification project in the country with two main objectives; 1)
integrate in rural areas sustainable and efficient energy services, ie., using solar
thermal and photovoltaic, and 2) improve the quality of life of the inhabitants of
those areas. Based on the geographical location and mentioned by Thoma, et al.
[14] in solar energy, Mexico is located within the first three places in potential
worldwide. Still, Mexico was evaluated in 18th place according to the index of
investment attractiveness of renewable energies [15]. However, the conditions
for the exploitation of solar energy are suitable with a higher national average 5
kWh/m®.

In this sense, a study by Diaz [16] on direct normal solar radiation in the State
of Baja California, Mexico, during the year 2012 shows that this area of the
North of the country has great potential for energy capture, being the months of
March to September the most significant with values above 5 kWh/m?-day
(Figure 3).

Meanwhile, Colotlan (town close to the ZMG) shows an annual average of 5.9,
Lagos de Moreno (located northeast of the state) 5.5 and Puerto Vallarta (west-
ern Jalisco) 5.5 kWh/m*-day, respectively. Figure 4 shows its behavior during
the course of the year in the above regions, highlighting the months of March,
April and May as the most relevant [17].

Moreover, in relation to the registered studies using information from the
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Figure 3. Monthly average solar radiation for Baja California [16].
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Figure 4. Monthly average solar radiation for some municipalities in Jalisco [17].

network of stations, Gonzalez et al. [18] shows relevant results regarding the
amount of incident solar radiation on surface and day length in the ZMG
(Figure 5).

It should be noted that in surface observations are scarce in rural areas and
when they have, are just specific examples which provide little information on
the spatial variability of the solar radiation. Measurements of clouds using Earth
satellites have the potential to complement surface observations, providing in-

formation on incoming solar radiation at large spatial and temporal scales [19].

3. Study Area

The State of Jalisco (Figure 6) is located in west-central Mexico. Its extension is
80.137 km’, corresponding to 4.1% of the national territory. To the north, Jalisco
is bordered by the states of Nayarit, Zacatecas and Aguascalientes, to the east by
San Luis Potosi, Guanajuato and Michoacan de Ocampo, to the south by Mi-
choacan de Ocampo, Colima and the Pacific Ocean, and to the west by the Pa-
cific Ocean and Nayarit. Its geographical bounding coordinates being 22°45'N -
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Figure 5. Average monthly solar radiation and average monthly duration of day in the ZMG [18].

ek tados Unidos

Tlajomulco de Zuniga a

América

Figure 6. Geographical location of the State of Jalisco and Guadalajara Metropolitan Zone.

18°55'N and 101°28'W to 105°42'W [20].
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Jalisco is the fourth most populous federal entity in Mexico and one of the

most developed States in the country in terms of its economic, commercial and

cultural activities. Its climatic features show great diversity ranging from sub-

humid warm to the semidry temperate, stressing the warm sub humid with rains

in summer. It presents great contrasts due to the formation of reliefs and the in-

fluence of water bodies, both marine and lacustrine. All these conditions influ-

ence in particular in the development of the entity.

Added to this, the State of Jalisco occupies one of the surfaces of the country

with the greatest beauty and abundance of natural resources, a situation that

makes it conducive to the development of ecotourism projects. Its outline goes

from swathes of coastline, areas with high mountains and tropical jungles. Its

climatic conditions make it a highly conducive to the development of commer-
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cial aquaculture of tropical and subtropical zone.

In reference to the Guadalajara Metropolitan Zone, this is at the center of the
State of Jalisco; its extreme coordinates are: between 20°46'00" and 20°32'08" of
North latitude, 103°12'30" and 103°29'00" of West Longitude about and an alti-
tude of 1.540 meters above average sea level. It comprises the municipalities of
Guadalajara, Tlaquepaque, Tonala, Zapopan, Tlajomulco de Zuniga, El Salto, Ix-
tlahuacan de los Membrillos and Juanacatlan.

In terms of its orography, the ZMG is located in the basin of the Valley of the
Grande River of Santiago, in the valleys of Atemajac and the plain of Tonald,
between the mountains of the Sierra Madre Occidental and the Neovolcanic axis.
The surrounding mountainous reliefs are: Northwest, La Sierra de San Esteban;
to the Southeast, La Serrania de San Nicolas and mountain sets Cerro Escondi-
do-San Martin and El Tapatio-La Reyna; to the South, Cerro del Cuatro-Santa
Maria-Gachupin-Tesoro; and to the West, the forest “La Primavera”. It should
be emphasized that the profile of its relief and the atmospheric basin lead to sta-
ble weather conditions [1] [21].

The municipality of Guadalajara is the most populous metropolitan area with
about 1.5 million inhabitants; Zapopan is followed with little more than 1.2 mil-
lion, Tlaquepaque with more than 600 thousand, Tonala with more than 470
thousand, Tlajomulco de Zuniga, with more than 400 thousand and jump with a
little more than 137,000 inhabitants (Table 1). In contrast, Ixtlahuacan de los
Membrillos and Juanacatlan are municipalities with the lowest population; with
around 41 thousand, and with more than 13,000 inhabitants, respectively [22].

Climate

The Guadalajara Metropolitan Zone is characterized by the influence of a tem-
perate climate subhumid with rains in summer. The interval between March and
May corresponds to the dry and hot season; then, just in the transition period
May-June when rainy season starts, same may be extended until October (sum-
mer rains). This range of rainfall is characterized by the presence of storms with
intense electrical activity and significant winds that at times be accompanied by

hail (severe local storms).

Table 1. Demographic information and surface of the guadalajara metropolitan zone.

Municipality (11; o}f; 111)1;1(1);) S(ukrliallzc;e Inhabitants/km?
1 Guadalajara 1,469,140 187.91 7818.3
2 Zapopan 1,225,003 893.15 1371.5
3 Tlaquepaque 602,729 270.88 2225.1
4 Tonala 471,117 119.58 3939.7
5 Tlajomulco de Zuiiiga 404,197 636.93 634.6
6 El Salto 137,629 41.5 3316.3
7 Ixtlahuacan de Membrillos 41,039 184.25 222.7
8 Juanacatldn 13,215 89.08 14.9
Total ZMG 4,364,069 2734.0 1596.2
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In relation to climatic variables, the period from March to May observed the
warmest days with maximum temperatures above 31°C; even these can also reg-
ister in February. An outstanding fact is the extreme maximum temperature
recorded on May 9, 2003 (39°C). Towards the seasonal period of autumn-winter
rains are reduced and experience a transition the passage to sunny days and cold
north winds. In winter cycle occasional frosts may occur, particularly in peri-
pheral locations from ZMG, with temperatures up to —1.5°C during the coldest
nights.

In months of December, January and February is when present influence the
lower temperatures. Another significant fact is the extreme minimum tempera-
ture observed on December 14, 1997 (-7.0°C). A particular experience was the
snowfall for the month of December 1997 in the city of Guadalajara; a fact ab-
normal, whereas the previous one took place on February 8 of 1881; that is, after
116 years. In resume, climate two typical characteristics are obtained, 1) the
northern climate is warmer, colder and less rainy, and 2) the southern climate is
less warm, less cold and wettest (Table 2) [23]. In addition to the regional cli-

mate in case study, data from ground stations to be considered in the analysis of

Table 2. Average climatic parameters for Guadalajara (1951-2015).

Month 01 02 03 04 05 06 07 08 09 10 11 12 Annual

Absolute
maximum 29.0 33.0 34.0 37.0 39.0 385 34.0 335 32.0 32.0 29.0 29.0 39.0
temperature

Average
maximum  22.7 255 27.0 29.2 31.1 29.5 26.5 263 261 254 244 233 270
temperature

Average

16.1 184 21.7 238 245 239 220 219 21.8 200 182 170 209
temperature

Average
minimum 35 6.3 103 133 154 17.1 162 160 144 115 81 47 119
temperature

Absolute
minimum -55 -30 -1.0 30 50 90 11.0 100 6.0 1.0 -2.0 -70 -7.0
temperature

Total
precipitationin 15.6 10.6 4.7 6.2 299 191.2 272.5226.1 1755 72.4 13.7 10.0 1028.4
mm

Days with
precipitation> 51 32 1.7 21 75 172 236 210 165 94 38 27 11338
0.1 mm

Sunshine
h 209.6 222.3 268.9 274.3 291.1 220.5 197.5 208.7 190.1 211.5 195.3 184.0 2669.8
ours

Relative

humidity % 48 45 40 43 61 72 73 73 67 60 60 58
umidity %

The nomenclature of 01 - 12 indicates the months of the year from January to December. Temperature: in
°C [23].
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the solar potential is that in 365 days of the year, 270 days have an average of 9

hours of sunshine [24].

4. Data and Methods

A widely methodology used in obtaining information solar radiation was devel-
oped by Stewart et al. [25], who estimated solar radiation from visible band data
obtained by the GOES satellite over northwestern Mexico; the results obtained
allow comparisons against ground measurements showing positive correlation,
especially in the months of low cloud cover. In the present study, satellite im-
agery is the primary tool used. The information for the State of Jalisco was ob-
tained through remote sensing satellite; among them, the digital elevation model
(DEM) Aster Global Digital Elevation Model (ASTER GDEM v2.0) [26].

It was delimited the area of work towards the four cardinal points by strips of
up to 1.5 degrees of arc. In doing so, they set data from sources whose territory
was spatial resolution of a degree of arc. Interpolations were calculated and the
projections of shadows were integrated from Nearest Neighbor method. The pa-
rallelogram work was limited to between 17° - 24° north latitude and 100° - 107°
west longitude. Each cell on the ground is 290 m (east to west) and 310 m (north
to south) approximately. The calculation of annual averages was obtained by
monthly averages and weighted by the number of days in each month.

The elaboration of maps of insolation and hours of sunshine for cloudless sky
used the MDE; the sections of the ASTER GDEM joined v2.0 and completed the
values corresponding to the surface of the Pacific Ocean (elevation 0 masl) that
have null values in the original data. The resulting raster was added using the
arithmetic mean at a resolution of 10 arc seconds. Information global insolation
incident on a horizontal surface corresponded to the periods 1983 to 2005 and
2006 to 2011 [26].

5. Results and Discussion

The monthly maps for Sun hours for cloudless sky and the annual average, both
for the State of Jalisco and its Metropolitan Zone (Figure 7 and Figure 8) were
obtained. The results highlight the need to use the solar potential as a sustainable
alternative energy. In this context, the months of November, December, January
and February show values of 9 to 10 average hours daily of sunshine; that the
geographical location of the study area corresponds to the dry and cold season
(autumn-winter).

Similarly, the months of March, April, May and June, reported about 11 hours
of sunshine per day, with a gradual advance of up to 14 hours, being most sig-
nificant month June of this interval. Considering the astronomical seasons, this
period corresponds to the cycle of spring and part of the summer.

Likewise, during the month of July is observed a slight decline in the number
of hours of sunshine (13) in relation to the previous month, not reflecting big
difference with August month (between 12 and 12.5 hours). For its part, the

months of September and October experience a reduction of not less than 10
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Figure 8. Monthly and annual maps of average Sun hours for the Guadalajara metropolitan area.

Sun hours. These results show a viable option for harnessing inexhaustible
energy. In this case, the period is located in the season of summer and early au-
tumn. The regions of the Centre-East, and coast of the State, are the areas that
logged more hours of sunshine.

The topography of the place has a transcendent role, since in some areas these
periods may vary by a domain of shadows from the mountainous surfaces. Fi-
nally, in the analysis of his annual average, reported up to 12 hours of Sun, hig-
hlighting the East and Central regions and coast of Jalisco; while the ZMG shows
a domain between 11 and 12 hours. These results are related to those reported by
Gonzalez et al. [18].

Similarly, monthly and annual average global maps for insolation in clear sky,
both for the state of Jalisco and his metropolis (Figure 9 and Figure 10) were
obtained. Precisely, the results obtained reported values of 6 kWh/m?>-Day for
the month of November, 5 in December, a slight increase in January (6) and
between 6.5 and 7 for the month of February, respectively; months that corres-
pond to half the stations autumn and winter.

Likewise, in the month of March (transition winter-spring) begins to be ob-
served an increase in the values of solar radiation in the range of 7.5 to 8 kWh/
m?-Day. In this order, during the months of April, May, June, July and August
are reported ranges from 8 to 9.5 kWh/m*-day. These results are for the period
of spring and early summer. The months of May, June and part of July can be
identified as the most significant in the study area.
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Figure 9. Average monthly and annual global insolation maps for Jalisco.
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Figure 10. Monthly and annual maps of average global insolationfor Guadalajara Metropolitan Area.

In this context, during the month of September the results show a period of
decline ranging from 7.5 kWh/m’-day and 6.5 in October in some areas of Jalis-
co. These months correspond to the period of summer-autumn. The regions of
the middle-east and the coast of the State are those that present higher levels of
solar radiation; it should be noted that the relief of the territory intervenes with
the domain of shadows that the mountainous systems favor.

Finally, considering the comprehensive analysis by the average annual insola-
tion for clear sky throughout the state, values between 7 and 8 kWh/m?*-day are
reported. Similarly, the GMA has a similar trend. These results are above those
obtained by Gonzalez et al. [18] and Almanza et al. [17].

The results obtained in this research can be contrasted with those reported by
other authors and in different countries. An example of this are the Atlas of So-
lar Radiation obtained for Galicia, Spain [2], Iberian Peninsula [27], Peru [28]
and Colombia [29]. In the case of Jalisco, the information generated is based on
knowing and demonstrate the importance that the use of solar resource.

The above-mentioned countries receive a smaller amount of hours of sun and
a solar potential between 4 and 5 kWh/m*-Day and, however, have already be-
gun their development effectively.

In counterpart, Mexico and particularly in Jalisco that presents adequate con-

ditions for its utilization, has not yet been promoted and developed as it should.
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Although it is known that the provision of solar energy is subject to geographical
features, weather, climate, technological progress and, in the case of Mexico, to
their public policies in the field of energy, the present study shows that the re-
gion is ideal for its rise and progress.

For this reason, it is necessary to know the amount and distribution of solar
radiation incident on a territory, as well as daily, monthly and yearly variation.
Precisely, Morton [30] notes that the Earth-Atmosphere system receives in an
hour more solar energy of what human activities consume in a year.

The importance of the solar radiation, its measurement is scarce due to the
high costs of the precision instruments required and its maintenance, so that the
measurement network in the state of Jalisco and in other places of the world is
limited. In this regard, the great topographical and climatic variability in Jalisco,
oblige consider better-distributed monitoring networks that allow a more accu-
rate and detailed assessment of this resource. It is necessary to use tools for data
generation of solar irradiation in areas that do not have them; an example of this
is the solar radiation characteristic of a particular region that is represented
through monthly and annual maps with interpolation and extrapolation tech-
niques made from measures on surfaces of other stations [28].

In addition, detailed knowledge of the spatial and temporal distribution of the
incoming solar radiation on the earth’s surface has the potential utility for a wide
range of hydrological applications and agronomic characteristics, including the
estimation of evapotranspiration and flows of regional carbon, the management
of the water supply, and the application of precision farming practices [7]. Also,
through weather satellites it is possible to estimate the surface irradiation in a
number of sites, higher than the available ground sensors. The resolution on the
regions of great geographical coverage is approximately 1 km® when it comes to
images in the visible spectrum. The cloud cover is the parameter with the largest
influence on the solar radiation, so this capability of the satellites implies an im-
portant potential for assessing the solar resource [8].

Finally, as for public policies it is necessary to indicate that while in eight axes
of action in the National Strategy against the Climate change 2013-2018 one re-
fers to the acceleration of the energetic transition towards sources of clean ener-
gy, to the reduction of the intensity of the energetic consumption, to the de-
crease of the pollution, between others, the National Strategy of Energy 2013-
2027 has an approach based on hydrocarbons, stimulating projects related to the
extraction of the oil in deep waters of the Gulf of Mexico and the gas-shale. With
this, the actions of the Government manifest certain uncertainty in the course to
following in environmental matter and energetic sustainability [31].

A study reported in DESERTEC [32], states that Sun offers an important
starting point because only in six hours, deserts receive more energy in relation
that humanity consumes in a year. Faced with this remark, the question arises
why the use of this resource has not been developed and consolidated, as it
should? Today’s society is faced with the opportunity to reverse the damage to

the environment. On the other hand, big international corporations dedicated to
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the utilization of the solar power have put his look in Mexico, doing studies on
surface insolation levels and they are obtaining positive information for the ex-
ploitation of this resource. In addition, it enters the plans of the Federal Gov-
ernment for the development of networks that allow implementing renewable
energies, particularly solar and wind [10]. It is also relevant to note that in Latin
America, Mexico compared with Brazil, Chile and Argentina, is the one with the

highest potential for converting Sun’s energy into electricity.

6. Conclusions

Solar energy development plans may be the most beneficial from the
environmental point of view. The impacts are specific for each type of region.
Taking advantage of the solar potential in the territory depends on various as-
pects, such as weather and climatic conditions in the area, the intensity of solar
radiation received at the surface, as well as the hours of Sun that they register
every day. If the geographical position of the zone is favorable and the climatic
information enters the permissible range, there can be carried out tasks of utili-
zation of the solar power.

According to the results achieved, the territory of Jalisco receives generous
amount of solar radiation (7 and 8 kWh/m?-day by an average of 11 to 12 hours
of daily sun), enough reason to boost its development.

The information derived from this research allows catching the investors’ at-
tention and society in general on the use of renewable sources of energy, espe-
cially solar. Likewise, it stimulates the innovation and development of necessary
technologies to obtain heat and electricity in diverse applications such as electri-
fication projects, water heating, dehydration of food, in agriculture, in ranching,
bioclimatic design of buildings, among others.

The use of the solar potential is a viable and credible alternative for the gener-
ation of clean energy; therefore, this one must be in use and his cost must be
reasonable. Though the renewable resources are generally difficult and far from
their increased demand, the problems of transfer and energetic storage must be
approached from his accessibility, his cost, guarantees and the application of the
framework of law. The latter is manifesting as the biggest obstacle to their
progress [33].

Sun has a unique role in sustainable energy production and far exceeds other
sources of renewable energy. This solar energy can be converted, captured and
stored steadily for use for the benefit of societies and environmental protection;
in addition to do the energy in self-sufficient regions as mentioned [6].

Finally, one of the advantages that offer the solar power is to generate electric-
ity in isolated places, without needing to implement electrical traditional infra-
structure. This allows the opportunity of the population to obtain the benefits of
the electricity without causing environmental damage and significant savings. In
addition, in conformity with Thoma, et a/ [13], Sun is not subject to the interna-
tional markets, for what, the installation in any remote regions and a good

training to the population can be the opportunity to generate employments, to
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diminish the migration and the urban conglomerates.
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