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The emergence and development of Microgrids emerge as an
alternative to the distributed generation that is becoming more
and more effective at an international level. The research aims to
perform an analysis on the behavior of na microrred designed in
an urban environment operating connected to the main electrical
network or outside it. A technical evaluation of the connected
photovoltaic power plant is carried out as a microrred obtaining
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1. Introduction

The energy crisis is a problem that affects all sectors of society, a clear example is an increase
in the price of electric energy. As a result of this problem, the Faculty of Mathematical Sciences,
Physics and Chemistry, and especially the Electricity career, intends to look for alternatives that
allow to reduce the expenses derived from the electric bill, at the same time that it is possible to
reduce the energy consumption of the centralized system, favoring the saving of fuel and the
reduction of the COz emissions to the atmosphere

The traditional electrical system has been based on management that allows the energy
stored by nature itself for years in the fossil fuels. The transition to a new energy model will be
subject to the overcoming of certain technological barriers due to the randomness of the sources
of renewable generation. The current penetration of renewable generation systems in the
electricity network, especially with the developments obtained for wind and photovoltaic
energy, begins to cause impacts in the electricity network, such as the variation of the magnitude
of the supply voltage and the increase of the imbalance between active and reactive power
between generation sources [1].

But this scheme has some technical disadvantages since large plants are generally very far
from the centers of consumption and the transport of these volumes of energy implies a great
infrastructure and high losses. Modern electrical power systems (SEPs) are characterized by
their high complexity and constant expansion, both geographically and in their power, in parallel
with the increase in the demand served by these, the loads have increased their requirements as
to the quality of service.

The consequences of the natural disasters that have occurred in recent years have put into
question the reliability and quality of the product supplied by the electricity companies. New
technologies such as energy storage, fuel cells, renewable energy generation, and network
automation are stimulating the idea that users can own, control and operate their own power
system [2].

The first years of the 21st century have witnessed the growth and development of
microgrids, which are becoming more present in conferences, congresses, publications and in
the social field as something very popular, with the foresight of analysts that they can contribute
Billions of dollars in potential revenue over the next five years [3].

Current electricity distribution networks operate close to their maximum capacity and must
adapt to frequent changes to address environmental challenges and improve their confidence
and sustainability. These challenges are met through effective integration and coordination of
distributed generators (DG), which facilitates the exploitation of renewable resources [4].
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It can be said that microgrids as a technical concept are not a new phenomenon. They arise in
the year 1882 when Thomas Edison constructed the generation station on Pearl Street in New
York. Centralized systems were then developed, but microgrids continued to exist to ensure
emergency service in the event of a lack of conventional network services, such as hospitals,
lights and rescue equipment, and other social functions that should not be interrupted. When
Lasseter introduced the subject of microgrids in 2002, he proposed it as an approximation that
considers generation and associated loads as a subsystem or microgrid [2].

But today microgrids take on new strength as a safe alternative to reduce environmental
impacts, save fossil fuels, reduce the cost of energy generated and served and increase the
efficiency and quality of electric service, enabling users to consume and control their Energy can
be generated.

2. Research Method

It is made the characterization of the area chosen for the study, taking into account the
incident solar potential and the possibilities of its use for the generation of electricity, the solar
radiation database was used: global datasets published by NASA [6] , As well as an evaluation of
the quality of the electricity network using the Sentron PAC 3200 network analyzer [7], the
demand in day and night demand, the voltage and current of the power line before and after the
installation.

3. Results and Analysis

An approach to the concept of microgrids

Beyond the debate on the concept of microgrids can be defined as an aggregation of electrical
elements in low voltage generation, storage and loads (users), which are grouped in a certain
geographical area, which can operate connected to The network or in isolation. The generators
can be of different nature, among which are: micro turbines, reciprocating engines such as diesel
or gas-based generators, or renewable sources such as wind turbines and photovoltaic systems.
For purposes of the electric company, the microgrid is seen as a single charge that can be
controlled in magnitude [8].

For consumers, the microgrid can be designed to meet their particular needs, such as
increased local reliability, reduction of transport losses, local voltage support, among others [9].

A microgrid has the ability to operate interconnected to the main power grid, where the
additional need for power is supplied from it, and when it has surpluses can be braided with the
network. Or, they can operate in an isolated condition, a situation that is caused by an obligatory
cause, such as a natural disaster; By a need as in remote communities; Or by choice as in certain
special applications, an example is computer data centers. In this latter mode, the microgrid
generates the power internally, including the transfers between the storage units, so that the
supply-demand balance can be achieved [10].

Compared to the traditional grid, micro-networks can offer many benefits, which depend on
the point of view to be analyzed [10]:

According to the electrical system: The main advantage is that it is taken as a single
controlled entity, which is combined with an interface based on power electronics, which makes
it self-sufficient, which includes control, communications, and autonomous protections.

According to users: The biggest benefit is to increase levels of reliability and security, from
the environmental point of view: The contribution is to reduce pollutant emissions because they
facilitate the introduction of distributed generation and where renewable energy sources are
integrated and generated close to the consumer.

3.1 Evaluation of a micro-grid in the urban environment: case study Universidad Técnica
de Manabi

The High House of Studies is located in the city of Portoviejo in the province of Manabi in

Ecuador. It has an enrollment of more than eleven thousand students with more than one
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thousand three hundred workers among professors, researchers, administrative and service
personnel. The institution is one of the customers with a high consumption of electricity, which
implies the monthly disbursement of a lot of economic resources and a high consumption of oil
for the generation of electricity.

During the year 2015, the management of the institution outlined the strategy of developing a
project aimed at improving efficiency and energy savings on the university campus and at the
same time could lead to a reduction in the bill paid to the electricity company.

The project was aimed at demonstrating technically the potential of a micro-grid built by
introducing a photovoltaic power plant connected to the low-voltage grid in the N°3 building of
full-time teachers, in order to avoid the consumption of part of the energy Of the conventional
grid, that can reduce the amount of the electric bill, promoting an improvement in the quality of
electric service and contribute to the saving of oil, as well as the reduction of CO2 emissions to
the atmosphere.

In order to carry out the study it was necessary to measure certain technical parameters of
the network before and after the installation of photovoltaic technology. For this purpose, the
Sentron PAC 3200 network analyzer was used, which is simple, inexpensive, user-friendly and
easy-to-use equipment that allowed the key results to be obtained for the evaluation of the
project.

The Sentron PAC 3200 is a device that has a series of useful functions of monitoring,
diagnosis and technical service, as well as an active and reactive energy meter. It has a compact
design and represents an ideal replacement for conventional analog instruments, with a wide
measured voltage range [7].

The Sentron PAC 3200 can be connected at low voltages of 690 V, as in direct connections up
to 500 V and for higher voltages, you must use voltage transformers as well as to measure
currents your own current transformers that come in various sizes. It has easy to use the
software. It has two simulation programs to be installed on the PC, offers a friendly
understanding of the different tasks performed by the equipment, as well as the different
variables that can be displayed, presented in the simulation program and also directly on the
screen of the team [7].

With the use of the Sentron PAC 3200 network analyzer, you can obtain more than 50
measured values with maximum and minimum values, with a margin of error of 0.5% of the
measured value. The PAC 3200 data visualization software supports all IBM/AT compatible PC
platforms. The connection that is made is point-to-point and you can use an Internet cable that
connects from the computer to the PC [7].

If there is a good connection between the Sentron PAC 3200 and the PC, it is guaranteed to
display all the readings on the screen and to start saving the information, which is programmed
for a maximum of two days with minute-by-minute data records. The program data are provided
in Excel sheets, which allows the facility to be studied and where it is possible to perform the
graphing of the recorded information and proceed to its visualization. The data record that was
used for the study corresponds to: current; Tension and; Apparent power in the different lines
that feed the building.

The installation that is feeding the building No3 where the project was carried out, comes
from a branch of the UTM, which arrives at a three-phase shielded transformer of 75 kVA, which
has a voltage of 220 V to 120 V. Of the transformer by the Secondary the power needs that the
building needs, which is distributed to a general board that is located in the low silver of the
building.

The board consists of 4 bars which are: line 1 (L1); Line 2 (L2); Line 3 (L3) and; Neutral line
(LN), those that carry voltages of LN that is of 120V and also voltages of LL that is 220V. In the
general board, there are 9 breakers from which the power is distributed for each floor of the
building. On each floor have three breaker boxes, of which two are used for power and lighting
circuits and the third for breakers of air conditioners, each breaker box has voltages of 120V-
220V-360V.
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The building is composed of several offices of teachers and bathrooms. It is currently
consuming a daily equivalent of 68 kWh, of which 57 kWh corresponds to consumption during
daylight hours when solar energy is available to be used. Figure 1 shows the graphical relation of
the energy consumption between the hours of the day and the night, as it is possible to be
observed the greater percentage of consumption is realized in the hour of the day.

H Day night

o

83%

Figure 1. Energy consumption between the hours of the day and the night

3.2 Results of the technical evaluation

Analyzing the recording of data obtained during the measurements it can be verified that of
the three lines the one with the highest consumption corresponds to L1 and then L2 from
Monday to Friday, but on Saturday and Sunday the L2 does not have Consumption, while the L 3
is maintained at 2.5 Amperes (A) and is where the greatest energy expenditure occurs on
weekends. At the same time it can be contacted that the morning peak of consumption takes
place at 11:00 a.m., starting to lower until 14:00 p.m which starts again to increase consumption;
but never reaches the level of 11:00 a.m.

By analyzing the recorded data it was possible to verify that during the day the line-to-
neutral voltage is stable between 120 V and 124 V; but line to line never exceeds 214 V, and is
maintained between 205 V and 214 V. The highest level of tension is experienced from 06:00 am
to 07:00 am, as well as from 5:00 pm to 6:00 p.m. the lowest fluctuations are experienced from
08:00 a.m and are kept throughout the day until 4:00 p.m, with a voltage between 205V at 214V.

3.3 Current profile evaluation

The evaluations made it possible to verify that after the installation of the photovoltaic power
plant the current decreased, except on Wednesday and Thursday, which coincided with cloudy
and rainy days, with very diffuse solar radiation and little generation of photovoltaic electricity.
Figure 2 shows the daily behavior of the current in (A) a weekly analysis is done before and after
the installation of the photovoltaic plant.

35,00

Monday  Tuesday Wednesday Thursday Friday Saturday Sunday

Figure 2. Daily behavior of the current before and after the installation
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Figure 2 (B) shows the hourly behavior of current during the hours of the day, being able to
observe that before the installation of the photovoltaic power plant the greater current
consumption was given at 11:00 a.m. to 12:00 a.m., but Then when the installation of the plant
was carried out the current decreased considerably and this occurs because it corresponds to the
schedule where the highest solar radiation occurs on the photovoltaic modules.

3.4Evaluation of the tension profile

It is important to consider that the measurements made before installing the photovoltaic
plant showed that in no case did the measured LL voltage in the building exceeds 214 V, rather it
ranged between 205 V and 214 V. After the photovoltaic power plant It was possible to verify
that the level of the tension increased until the 216 V improving in this sense. Figure 3 shows the
analysis of the daily behavior of the voltage generated before and after the installation of the
photovoltaic power plant, the difference observed on Thursday was related to the incidence of
solar radiation on the module that diminished to be a cloudy and rainy day, despite that it shows
improvement in the tension levels

=V Before {L1-L2) ——\{ after (L1-L2) V Before (L2-L3)

——\ after [L2-L3] = = V' Before (L3-L1) ==V after (L3-L1)
nz
216
215
114
213

212

Tension (V)

211
210
Ll

L
Monday  Tuesday Wednesday Thursday Friday Saturday  Sunday

Figure 3. Daily behavior

It can be clearly seen that after the installation of the photovoltaic power station at all times
the voltage profile has improved, which previously only exceeded 210 V and can now reach up to
216 V. Currently the lowest levels are 212 V that is experienced from 9:00 a.m. to 12:00 p.m. and
between 14:00 p.m. and 4:00 p.m. In Figure 4 it is possible to observe the improvement of the
tension during the hours of the day.
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Figure 4. Voltage in hours of day

3.5 Assessment of apparent power profile

The measurements made allow appreciating the behavior of the actual consumption that the
building has before and after the installation of the photovoltaic plant. It can be clearly seen that
the actual energy consumption of the centralized grid is higher before installing the photovoltaic
power plant, with a reduction corresponding to the contribution of solar energy.

Prior to the installation of the photovoltaic power plant, the hours of energy consumption of
the conventional grid were experienced between 10:00 a.m. to 12:00 am. After the installation of
the technology, it can be seen that these values of consumption decreased by the contribution
that gives the plant and the same happens in most schedules. After observing the values of
consumption previously we can deduce that the contribution that is obtained from the
photovoltaic power plant reduces the consumption levels of the conventional electricity grid.
figure 5 shows the hourly behavior of the apparent power before and after the photovoltaic
power plant.

Potencia aparente promedio dias laborales (antesy después de
7000,0 instalado el sistema)

o o
=] =]
=1 =]
S S
(=] o

4000,0
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1000,0

0,0
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Horas
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Figura 5. Comportamiento horario de la potencia aparente

As can be seen, the levels of apparent power have improved with the installation of the
photovoltaic power plant.

The experience gained in the evaluation of the photovoltaic micro-grid has allowed
researchers and students of the electric field to continue to deepen the subject so that this
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experience can be applied in the province in companies and homes knowing the levels of solar
radiation that exist.

4. Conclusion

Provide a statement that what is expected, as stated in the "Introduction” chapter can The
research made it possible to verify that the introduction of the microrred based on a
photovoltaic power plant connected to the low voltage grid, favored the improvement of the
voltage, current and apparent power profiles, while at the same time favoring the reduction of
the consumption of electric energy Of the conventional grid, with the potential to reduce the
amount of the electric bill, contributing to the reduction of oil consumption and CO2 emissions to
the atmosphere
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