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 It presents an analysis linked to one of the sustainable energy alternatives that 
are currently being adopted with worldwide success. Putting the field research 
method into practice. The results of a study related to an application of 
technological innovation to reduce the amount of the electricity bill in the 
building of the Faculty of Mathematical, Physical, and Chemical Sciences 
(FCMFQ), by introducing photovoltaic technology connected to the network of 
the low tension of the institution. The results of the study of load and hourly 
consumption of energy of the entity are shown and an own methodology is 
deployed for the technological design of a photovoltaic power plant connected 
to the network, which can avoid the consumption of energy of the conventional 
network, reducing the amount of the electric bill of the faculty, managing to 
reduce losses, improve the quality of electric service and reduce CO2 emissions 
into the atmosphere. 
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1.  Introduction 
 

The man has not always used oil as a preferential source of energy. It is estimated that during the 6th 
century BC with the beginning of the Neolithic era, the man began to control and rationally use energy in 
agriculture, as well as the use of animals for work and food preparation. In the fourth and third centuries BC, 
the first major energy systems in history began, with the construction in the rainy areas of the Tigris, the 
Euphrates, and the Nile, of irrigation systems for crops. Around this same time, an elementary machine for the 
lifting of weights based on the lever principle (Rodríguez et al., 2012) was built. 

Electric power is undoubtedly the most widely used resource in the world, it is a technical element that is 
given a vital importance for social development, however the intensive use of fossil fuels (oil, gas, and coal), 
encourage depletion of its reserves, while polluting effects can be accumulated that put at stake the stability of 
life on Earth (Saltos et al., 2016). 

Between the 12th and 17th centuries, there was a strong demand for energy for the processing and 
preparation of metals, which considerably increased the demand for wood to be used as fuel. All this led to an 
inordinate advance in deforestation in many European regions. It is precisely in the seventeenth century, 
when as a result of mismanagement in the use of wood as fuel, there is an acute shortage of this resource in 
Western Europe, especially in the British Isles, where for the realization of industrial activities that are 
derived from thermal energy, had to start burning coal (Saltos et al., 2017). 

From the seventeenth century, the first industrial revolution began to develop, with the emergence of 
technologies such as the steam engine, railroad, and textile machines, producing the first energy transition, 
where wood and charcoal are replaced by mineral coal. Some centuries later between 1860 and 1930 the 
second energy transition linked to the second industrial revolution took place, where electrical systems, 
aviation, and steel were introduced. In this stage, the mineral coal yields the preferential use of oil. By 1859, 
the first well for oil extraction in Pennsylvania had been dug by the Seneca Oil Co. (Saltos, Intriago et al., 
2017). 

In a short period of time already in the second half of the nineteenth century, the share of oil in the global 
primary energy market had rapidly increased, and by 1970 it formed the basis of the first global energy 
supply system (Rodríguez et al., 2017). During the second half of the 20th century the participation of fossil 
fuels in the generation of energy continues to increase and when the scenario of the new energy policies is 
described, it is proposed that the global energy demand registers a strong increase and can increase one third 
from 2010 to 2035 (Vázquez et al., 2017). 

The combustion of fossil fuels is responsible for producing 80% of carbon dioxide (CO2) emissions into the 
atmosphere, generating global warming. Some organizations have published information that reveals the 
danger posed by the burning of coal, oil and natural gas, because the historical level of CO2 in the atmosphere, 
had been at levels between 180 to 280 ppm and in little more than a hundred years has been elevated to 400 
ppm, a situation that, if not controlled, can generate a true global climate calamity (Dávila et al., 2017). 

The increase in the excessive dependence on fossil fuels to obtain energy was leading to the depletion of 
their reserves, to such an extent that it is estimated according to a study published by the Organization of 
Petroleum Producing Countries (OPEC), which could fail to supply of oil for the year 2037 and, on the other 
hand, with a high degree of complexity due to the danger posed by the burning of coal, oil and natural gas for 
the environment and the human species (Cabeza, 2018). As a possible response to these natural impacts and 
the preservation of man's own life, a social commitment arises that is sufficiently understood by most human 
beings, who are committed to a scheme of progress that at the same time is respectful of nature and the 
environment. human integrity, that is to say, it is projected by a sustainable development, that enhances, 
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among other elements, the renewable sources of energy, which some time ago were not thought to have such 
an important participation in what refers to the generation of electricity (Van, 2002). 

International discussions about the causes and implications for humanity of the so-called "greenhouse 
effect,” caused by the increasing emissions to the atmosphere of gases such as CO2, reflect the need for an 
integrated approach in the treatment of environmental and environmental problems. Development, as well as 
the need,  is for concerted action by the international community to mitigate the effects of global warming 
(Cabeza, 2018). Some years ago it has been strongly suggested that renewable energy sources that replace 
fossil fuels must be cleaner and must not produce more impacts that accelerate climate change. It is 
emphasized that as an additional advantage they should be located easily, with the least impact on the 
landscape and environmental conditions (Van, 2002). 

The answer lies in the environment: sunlight, wind, water, plants, and the heat of the Earth. Some of these 
sources are very old. Since humans learned to make fire they used wood to achieve heating and cooking. The 
windmills helped to irrigate the fields of the ancient Persians. The ancient Greeks and Romans used the water 
that fell to turn hydraulic wheels. However, at the beginning of the 20th century in many places, the 
supposedly cheaper fossil fuels replaced almost all of these traditional sources of energy supply (Rodríguez et 
al., 2013). 

On Earth, solar radiation is the main source of primary energy, which is converted into electrical energy by 
photovoltaic conversion. Practically it is inexhaustible, non-polluting, it is territorially distributed, and its 
potential availability is much higher than the energy needs of man (Giraudy et al., 2014). Unlike fossil fuels, 
solar energy does not produce carbon dioxide and therefore does not contribute to global warming. The most 
important thing is that, unlike increasingly scarce fossil fuels, this source of energy will never end while there 
is a man on the planet (Sarmiento et al., 2014). Worldwide there is a growing awareness of the importance of 
renewable energy and energy efficiency, which are an alternative not only to address climate change but to 
create new economic opportunities and provide access to energy billions of people (REN 21, 2015). 

During the past decade, and particularly in recent years, advances have been made in renewable energy 
technologies, increases in generation capacity worldwide, as well as rapid cost reductions thanks to the 
support provided by economic policies, which have attracted a significant amount of investment and driven 
down costs through economies of scale (REN 21, 2015). In 2014, renewable energy continued to develop, even 
with the increasing consumption of energy worldwide and the dramatic decline in oil prices during the second 
half of 2015 as a backdrop. Also in 2014, renewable energy expanded significantly in terms of installed 
capacity and energy produced; while investments in renewable energy in the energy sector exceeded the net 
investments for fossil fuel power plants. The fastest growth and the most substantial increase in renewable 
capacity worldwide was seen in the electricity sector, the dominant technologies were: wind, solar 
photovoltaic (PV) and hydropower (REN 21, 2015). 

Support for renewable energy policies has contributed to the growth of market volume and high global 
competition. Significant reductions in costs, especially for solar PV and wind, have played a role in the 
increasing electrification of transport and heating appliances. This fact has also highlighted the potential for 
greater overlap between sectors in the near future. In many countries, renewable energies are highly 
competitive with conventional fuels, particularly in the electricity sector (REN 21, 2015). 

In developing countries, distributed power generation systems offer an unprecedented opportunity to 
accelerate the transition to modern energy services and increase access (Cabeza, 2018). For its part, the 
Ecuadorian government is closely following the use of renewable energy sources with hydro, wind and solar 
generation projects in various sectors of the country. But the national committee is still focused on the use of 
its water potential with large projects and investments. In Loja, the Villonaco Wind Farm is the largest project 
of its kind in the country, with 11 wind turbines installed that provide power to the medium voltage 
distribution network. This equipment will generate 16.5 MWh and its contribution to the country will be 
0.03% to the National Interconnected System, being able to avoid the emission of 38,000 t CO2; as well as the 
import of a significant volume of diesel. These projects are driven by renewable energy (Hernández et al., 
2017). Ecuador has been in tune with the latest in photovoltaic and thermal technology. As an example, the 
Government implemented photovoltaic solar panels in eight communes of the Gulf of Guayaquil. The 
Eurosolar project aims to provide electricity to 91 isolated and poor communities with the help of the 
European Union. Although other projects are being developed through the introduction of installations 
greater than 500 kWp, (Vázquez et al., 2016). However, the contribution of photovoltaic systems connected to 
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the low voltage network in the distributed generation mode is still poor and its essence and objectives are not 
adequately understood. 

To obtain the expected results in a photovoltaic project, certain factors must be considered, which must be 
studied and analyzed in detail. The main thing to assess is the energy efficiency of the photovoltaic system to 
be installed, to achieve this, different elements that are related must be evaluated, such as the dimensions of 
the installation area of the technology, the average potential of the daily solar energy, the angle of inclination 
of the modules, the level of shading present in the area, the quality and characteristics of the technology 
offered, the evaluation of the possible damages caused by natural disasters and other aspects that can be 
analyzed in a particular way (Vázquez et al., 2016). 

The objective of the research is to offer a sustainable alternative to the problem of energy supply, where 
the results of the design of a grid-connected photovoltaic system are exposed in the new building of the 
Faculty of Mathematical, Physical and Chemical Sciences, which offers the possibility of reducing the 
dependence on oil in the generation of electricity, contributing to the reduction of CO2 emissions into the 
atmosphere. 
 
 
2.  Materials and Methods 

 
The basic method used is exploratory, in order to determine a group of data and situations that were 

unknown, among which are: The hourly consumption of electrical energy in the building; the solar potential 
incident at the installation site and; the specific products that can be achieved. The method of a descriptive 
investigation was also used since information has been obtained about the electrical consumption of the 
installation, as well as the role that photovoltaic technology can play in the reduction of the economic impact, 
while at the same time-saving resources and the reduction of CO2 emissions into the atmosphere. 

The traditional theoretical methods were operated, among them: The analysis-synthesis method in the 
study of bibliographic references; the historical-logical for the offering of precise thoughts related to the logic 
of scientific-technical development in the subject related to the study of photovoltaic technology and the role 
it can play in reducing the electricity bill. The method of induction and deduction that allowed, from the 
presence of the content of the object of study to the elaboration of own conclusions, making it possible to 
provide the particularities and proposed solutions. The theoretical-mathematical method to demonstrate 
from the theory, the efficiency of the technical procedure for the checking and control of the models linked to 
the design of the photovoltaic power plant. In general, investigative techniques were used to review 
documents, texts, theses, books, newspapers, magazines, technical standards, web pages, and manuals, in 
order to obtain the appropriate and clear information for the proper development of the topic addressed. 
 
 
3.  Results and Discussions 

 
To carry out the study, it was decided to apply a survey to the workers and students who perform their 

work in the building under study, particularly the techniques used corresponded to the interview with the 
professors and students of the electrical career in order to know their knowledge related with energy 
education, renewable sources of energy, photovoltaic energy and efficiency. 

For the interview, the population is made up of 12 professors and specialists of the career, the sample will 
consist of 9 teachers and specialists who will be interviewed. Given the characteristics of the population, no 
equation is required to define it. The population of students and professors of the race to apply the survey is 
500, to select the sample the Larry-Murray equation was used (Murray and Larry, 2009). 

 

n =
(𝑍2)(𝑃) (𝑄)(𝑁)

(𝑍2)(𝑃) (𝑄)(𝑁)(𝑒2)
     (1) 

 

 



          e-ISSN : 2550-6943  p-ISSN : 2550-6951 

IJPSE   Vol. 2 No. 3, December 2018, pages: 10~22 

14 

Where: 
n →  Sample size 
Z →  Confidence level (1.96) 
P →  Probability of occurrence (0.5) 
Q →  Probability of non − occurrence (0.5) 
N →  Population or universe (500) 

 
The interview was applied to seven professors of the Electrical Engineering degree, focused on obtaining 

relevant information regarding photovoltaic technology. The technical instrument used to support the 
interview. Regarding the possibility of improving the electricity service by applying photovoltaic technology, 
the results are shown in figure 1, where the opinions provided by the specialists are shown in terms of the 
possibility of improving the electric service by applying photovoltaic technology. 

 
 

 
Figure 1. Opinions contributed by the specialists 

 
It can be seen that the majority of the professors interviewed felt that the possibility of improving the electric 
service through the application of solar energy technology is high. The specialists stated that electricity 
generation systems taking advantage of solar energy, are based on the ability of photovoltaic cells to 
transform the light radiation of the Sun into electrical energy in the form of direct current (DC). This means 
that the consumption of any other fuel for generation is zero and therefore CO2 emissions are practically 
symbolic. In a system connected to the network, the energy through the use of an inverter is transformed into 
alternating current, which can be used in homes or institutions with the capacity to avoid fossil fuels to 
generate electricity and improve the network's voltage profile together with other benefits that are only 
achieved with the use of solar energy in the distributed generation mode (Quijije and Reina, 2015). The above 
was corroborated through the development of a research project carried out at the FCMFQ, since the end of 
2015 and the beginning of 2016, with the title: "Implementation of a photovoltaic micro-network connected to 
the low voltage network, to supply electrical energy to the first floor of building No. 3 of full-time teachers of 
the UTM, saving and energy efficiency (Intriago and Salvatierra, 2015), where measurements were made with 
a network analyzer before and after connecting the photovoltaic system and as a result it was found that after 
the installation of the technology, the voltage and stability profile of the energy in the network was benefited 
during the day hours when solar energy is available. Considering the above, it can be defined that the 
introduction of solar energy in the technical form of connection to the low voltage network, taking advantage 
of the distributed generation mode, can achieve oil savings, reducing the electric bill of the institution and at 
the same time contribute to the reduction of CO2 emissions into the atmosphere. 

At present, it is known the reducing effect that favors the introduction of the photovoltaic technology 
connected to the network, for the energy consumption of the conventional system. There are results of 
research carried out in the UTM (Intriago and Salvatierra, 2015) that show that more than 90% of the electric 
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possibilities

67%
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possibilities

22%

Low chances
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power consumption in the institution is done during the day when the solar potential is available to be used. 
The university must pay CNEL 0.07 cents for each kWh consumed. At the end of February 2016, a small 3.4 
kWp photovoltaic power plant connected to the low voltage network of the installation was installed on the 
roof of building No. 3 of the full-time teachers of the UTM (Intriago and Salvatierra, 2016). To date, this small 
renewable power plant has generated more than 8 MWh of electricity, having saved in a year some 560.00 
USD for electricity bill concept. It is important to consider that the electric energy consumed in the university 
has a thermal origin, with a real cost of kWh served over USD 0.30, so the main impact can be for the 
Ecuadorian state. The small photovoltaic plant referred to above has led to a year of operations, an economic 
saving for the Ecuadorian state equivalent to 2,400.00 USD. 

 
To define the economic savings for the reduction of the electric bill, equation 2 was used. 
 

𝑅𝑓𝑒 = 𝐸𝑓𝑣𝐺. 𝑃𝑟𝐸      (2) 

Where: 
Rfe  → amount of the reduction of the electric bill (USD) 
EfvG → photovoltaic energy generated and incorporated into self-consumption (kWh) 
PrE  → referential price of energy (USD / kWh) 
 
The equation (3) was used to define the economic savings to the state for a photovoltaic generation. 
 

𝐴𝑒𝐸 = 𝐸𝑓𝑣𝐺 + 𝑃𝑒. 𝐶𝐸                  (3) 

Where: 
AeE  → economic savings for the state (USD) 
Pe  → avoided energy losses (kWh) 
CE  → actual cost of thermal energy served to users (USD / kWh) 
 
In recent years there has been a take-off of photovoltaic installations in cities of the first world, since the 

photovoltaic market is suffering a strong annual increase worldwide, where photovoltaic systems connected 
to the electricity grid have reached such a development that you can find large photovoltaic power plants, 
which generate powers of the order of MW. Hemau head office in Germany with a power of 4 MWp topped 
this list; accompanied by others such as Serre in Italy with 3.3 MWp; that of Munich with 2 MWp and that of 
Toledo of 1 MWp, among others (Rodriguez, 2015). Photovoltaic technology connected to the low voltage 
network has potential to reduce losses; save natural resources; reduce the amount of the electric bill; decrease 
CO2 emissions to the atmosphere and; improve the electric service in the place where it is installed (Quijije 
and Reina, 2016) 

The new teaching building of the FCMFQ, basically develops its teaching activities in the daytime, so that 
more than 85% of the energy consumption of the institution is concentrated in the hours that solar radiation 
is available to be used for generation of electricity. The consumption of electricity is motivating the institution 
to cancel monthly to the company CNEL an electricity consumption bill that in recent months has experienced 
an increase, so the university authorities have been projected to find a solution that manages to reduce the 
amount of said invoice. 

Subsection should be written without a bold type. The result and analysis are presented by present form. 
Please avoid too many paragraphs in this section. As part of the realization of the investigation, a study of the 
load of the building was carried out, for which an inventory of the consuming equipment and the calculation of 
the daily consumption was made. To estimate the energy consumption by equipment, the coincidence factor 
was determined, which indicates the estimated percentage that is considered so that the equipment is 
consuming energy at the same time as the rest of the electrical equipment. 

The average power demand was determined by applying equation (4). 
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𝐷𝑃𝑝 = 𝑃𝑖. 𝐹𝑐                               (4) 

Where: 
DPp  → average power demand (kW) 
Pi  → installed power (kW) 
Fc  → match factor (%) 
 

The utilization factor is a numerical value that has been estimated to indicate the percentage of time that each 
team will be consuming energy, determined by the analysis of the probable schedule during the day. For the 
calculations of the installed power (W), the inventory of each equipment by type with its unit nominal power 
and the amount of equipment that exists was considered, and equation (5) was applied. 

 
P = Ce.Pnu       (5) 

Where: 
P → power (kW) 
Ce → quantity of equipment (U) 
Pnu → unit rated power (kW) 
To estimate the daily work hours, equation (6) was applied. 
 

ℎ𝑇 = 𝐶𝑒. 𝑃𝑛𝑢                      (6) 

Where: 
hT → hours of work (h) 
Fu → utilization factor (%) 
hD → daily hour (12) 
 

To define the estimate of energy consumption, equation 7 was applied, which would be valid for working days, 
since it is known that the center ceases its work on weekends and during the vacation period. 

 
𝐶𝑒 = ℎ. 𝐷𝑃𝑝                               (7) 

Where: 
Ce → estimated energy consumption (kWh) 
h → working hours (h) 
DPp → average power demand (kW) 
 

The results of the load study showed that in a normal working day, an average of 2157 kWh can be consumed, 
of which 1926 kWh are consumed in daytime hours when solar energy is available to be used, this represents 
89% of the total energy consumed in a day. Figure 2 shows a graph of the hourly behavior of the estimated 
electricity consumption in the new building of the Faculty of Mathematical, Physical and Chemical Sciences of 
the UTM. 
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Figure 2. The hourly behavior of the electric power consumption estimate 

 
 

3.2 Study of solar potential 
 
Another work that needs to be done to design a photovoltaic installation that will be installed in an 

institution, is related to the study of solar potential at the installation site. Table 1 shows the calculation of the 
average solar radiation by months of the incident year in the site where the new building of the FCMFQ of the 
UTM is located. 

 
Table 1 

Average solar radiation by months of the year 
 

Annual 
Average 

January  February  March  April May June July August September October November December 

4,347 4,722 4,668 5,274 5,176 4,686 3,635 3,564 3,768 4,000 4,045 4,125 4,499 

 
 

Calculation of the power needed to install 
 

Another data that is necessary to calculate is that related to the normalized productivity and has been done 
using equation (8). 

 
𝑃𝑛 = 𝑃𝑠𝑝𝑎. 𝑃𝐹𝑉. 𝐴𝑐𝑐. ɳt. ɳc                           (8) 

Where: 
Pn  → normalized productivity (kWh / kWp day) 
Pspa →  annual average solar potential (kWh / m2 day) 
PFV  →  photovoltaic power (kWp) 
Acc  →  solar collection area of photovoltaic cells (6.4m2) 
ht  →  technical efficiency of the modules (in the case of polycrystalline silicon it is equal to 13%, in 

the case of monocrystalline silicon it is equal to 16%) 
ɳc  →  average efficiency of radiation uptake during the life cycle (86%) 

Table 2 shows the calculation of the normalized productivity for the place where the new building of the 
Faculty of Mathematical, Physical and Chemical Sciences is located, according to the incident solar radiation in 
the months of the year. 

 

Daytime schedule 
from 07:00 to 
18:00 hours
1926 kWh

Night time
from 19:00 a 06:00 hours

231 kWh
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Table 2 
Calculation of normalized productivity 

 
Annual 
Average 

January  February  March  April May June July August September October November December 

4,347 4,722 4,668 5,274 5,176 4,686 3,635 3,564 3,768 4,000 4,045 4,125 4,499 

 
In this way, it was possible to verify that, as an annual average, Pn = 4,347 kWh / kWp day. 

 
 

3.3 Market research 
 

One of the internationally recognized barriers for the penetration of photovoltaic systems results in the 
prices that photovoltaic technologies had been experiencing in the market in previous years. At present, the 
reduction in prices, the increase in quality and the estimated lifespan of these technologies place it within the 
competition of the energy market with a very good positioning (Stolik, 2015). However, here in Ecuador, the 
price of photovoltaic energy is still high and it is not greatly reduced even though the government has decided 
to free tariffs on these technologies for their entry into the country. 

It has been verified by the commercial offer made by the private company ARPRO Industrial SA, located in 
Manta, province of Manabí (in Annex 2 the commercial offer referred to above is attached), that the kWp of 
photovoltaic for connection to the network is quoted currently facing the Ecuadorian market at about 3.36 
dollars, in relation to the price of 1.70 dollars that is quoted in the international market led by China. This is a 
situation that is holding back the application of photoelectric exploitation technologies in the province of 
Manabí. 

It is known that the objective of the introduction of photovoltaic technology in the building of the FCMFQ, 
is to reduce the consumption of electricity of the conventional network in more than 80% approximately and 
if it is considered that the average consumption of electrical energy in a day The institution's lecture can be 
about 2157 MWh day and knowing that this total can be consumed in the hours when the solar radiation is 
available to be used 1926 kWh day and that the average normalized productivity in the place where the new 
building can be equal to 4,347 kWh/kWp day, you can calculate the power that is required to install to reduce 
the amount of the electric bill. To calculate the photovoltaic power that is required to install, equation (9) was 
used. Checking that to cover this consumption it is necessary to install a photovoltaic power plant with a 
power equivalent to 443 kWp. 

 

Ecea
PfvNi

Pna
                                    (9) 

Where: 
PfvNi  → Photovoltaic power needed to install (kWp) 
ECea  → Estimated daytime electricity consumption in one year (kWh day) 
Pna  → Normalized productivity in one year (kWh / kWp day) 

 
In this way, it can be estimated that the photovoltaic power that is required to be installed in the new building 
of the Faculty is 443 kWp. With these obtained energy results, the photovoltaic power plant can be designed 
for the building of the faculty, this can be installed in a modular way as the loads are growing so that each 
module that is incorporated in the generation is energy that is left behind. Consume with the generation of 
fossil fuels and in turn, stop emitting polluting gases into the atmosphere. 
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4.  Conclusion 

 
The intensity, quality, and availability of solar potential throughout the year at the site where the new 

building of the UTM, CFMFQ is located, allows the introduction of photovoltaic technology to generate 
electricity, with a competitive performance with any other technologies and existing generation sources. It is 
viable from the technical, economic, environmental, and social point of view, to introduce the photovoltaic 
technology connected to the low voltage network of the faculty, with the aim of reducing by 89% the amount 
of the electricity bill derived from the energy consumption of the conventional network. The introduction of 
photovoltaic technology can generate other benefits associated with the protection of natural resources by 
avoiding the consumption of 175.6 tons of oil per year, as well as avoiding the emission of 632 tons of CO2 into 
the atmosphere in the same period of time weather. 
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