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The rural areas of Abdón Calderón Parish are sites that today their population 

does not receive an adequate consumption of energy, first because the 

communities are far from the generation center and second because of the 

difficult access conditions of the territory studied. The power lines have 

installed next to the ravines where most of the population crosses rivers and 

streams, which cause difficulties mainly of humidity, falling poles among 

others, causing poor quality of service to consumers. Renewable sources of 

energy have distributed in the territory; one of the most prominent sources is 

solar energy, where solar radiation levels are high. The solution to the 

problems of the quality of energy in a first stage can have solved with small 

microgrids implementing photovoltaic systems, for this, we have been working 

on knowing the levels of penetration that can have assumed by the electrical 

system. The objective of the research is to be able to demonstrate the elements 

that conspire with the poor quality of the energy and propose in first stage 

microgrids that take advantage of solar radiation with the implementation of 

photovoltaic systems. Where their power depends on the needs of the network 

because a service with higher quality and reliability can has provided, reducing 

maintenance and installation costs. The methodology applied was the site visit, 

interviews, routes that allowed referencing the amount of poles and existing 

transformers. 
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1.  Introduction 

 

At present, the role of the energy system is one of the priorities of the scientific, political, economic and social 

agenda; given the wide repercussions, it has on the whole of social life. The depletion of fossil fuel resources and 

climate change because of greenhouse gas emissions have expected to generate a series of challenges that transcend 

individual actors and national environments and require the search for common solutions. 

Petroleum and nuclear fuels appeared and took root in the daily life of man as the elements that would propitiate 

the eternal solution of human problems in terms of their energy needs. However, they cannot even ensure sustainability, 

understood as the capacity of a system to develop with its own resources, so that its operation does not depend on 

external sources, even if they have considered (Montesinos, 2010; Cedeno et al., 2017; Chilán et al., 2018). 

It has demonstrated that the responsibility of the man in front of the process of loss of the biological diversity and 

the exhaustion of the natural resources has given in a rhythm that oscillates between a thousand and ten thousand times 

faster than the process that occurs of natural form. On this basis, the loss during the XXI century of two-thirds of all 

existing species and the depletion of hydrocarbons and other mineral resources. Necessary for development is 

calculated, which in terms of living species is equivalent to the disappearance produced in the It was a Cretaceous 

period that took five million years for the ecological balance to has been achieved, that is, five times the age of man 

on earth (Viamonte, 2007; Gamez et al., 2016; 2017). 

People, who reside in rural areas where electricity has not arrived, lead a difficult life with serious limitations to 

perform social tasks at night; do not have access to the media and for half of the 24 hours a day silence and darkness 

prevail for their social life (Rodríguez et al., 2016).  

Access to electricity generates the potential for improving the quality of life and the active incorporation of people 

into a healthy and integrated social life. Access to electricity services reduces marginality, increases citizen security, 

and improves public health and education among other advantages.  

In the current guidelines reflected in the National Development Plan 2017-2021, "A whole life". The change of the 

matrix has called to become a political tool, for planning work aimed at changing the composition of electricity 

generation with the incorporation of sources of renewable resources and be able to guarantee energy autonomy, with 

the goal of consolidating an energy base of undoubted sustainability (CNP, 2017). 

Rural electrification constitutes an important challenge for the Ecuadorian government, in order to achieve the 

objectives outlined in the National Development Plan 2017-2021 (CNP, 2017), for rural people. The supply of energy 

contributes to reducing poverty rates, marginality and improve sanitary conditions, promoting economic growth 

through competitiveness and the increase of agricultural production. 

The objective of the work is to demonstrate through a study conducted in rural areas of the province of Manabí, 

the feasibility of using photovoltaic technology to ensure rural electrification, in order to achieve greater efficiency 

and quality of electric service in areas isolated 

Abdón Calderón is a rural parish of the Portoviejo canton, dedicated mainly to agriculture and in small proportions 

to livestock, in which there are approximately 19 rural communities dedicated to agriculture, 8 urban and other small 

isolated communities. Most of them are located on the banks of the Chico River and streams of the same name, other 

tributaries such as Mancha Grande and Chirijos supply the river, this is the area of greatest relief of the territory. In 

winter, its rainfall is high with temperatures up to 35 degrees with the high level of the forest to be a purely mountainous 

territory. 

All communities are electrified from feeder 1 San Placido, sub-station Playa Prieta (Rodríguez et al., 2018; Ramos 

et al., 2018). Despite the distance of the network between 5 and 20 km with single-phase branches of the main feeder 

until the last subscriber of each community, with a medium voltage line that feeds distribution transformers of small 

capacities (5, 10 and 15 kVA).  Depending on the consumers of each site, arranged in low voltage network, for the 

supply of 120 or 220 Volts in some sites. 

The medium and low voltage networks are bordering the ravines that are usually the access routes of these 

communities, where they have exposed to the inclemency of weather and nature (climatology, fauna, and flora) agents 

that in one way or another do not guarantees that the quality and electric service is stable. 

The objective of this research is to search for solutions that improve the quality of energy using renewable sources, 

based on the knowledge of the study area and the potentials that have studied in the Guillen creek. 
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2.  Materials and Methods 

 

A literature review related to the behavior of energy quality in different territories was carried out and how this 

problem, behaved in Ecuador, mainly the province of Manabí. Other results obtained in the municipality of Chone 

were evaluated (Rodriguez, 2016; Pérez et al., 2016; 2017) and the QGIS (2018), was used as software to reference 

the communities of the Abdón Calderón parish, the power lines, rivers, roads and ravines, elements that today influence 

the poor quality of the energy of rural zones. To know the solar potential and the productivity of the photovoltaic 

systems, we worked with the solarGIS (SOLARGIS, Geographic information - Metadata, 2017). 

 

 

3.  Results and Discussions 

 

The Guillen gulch is located at the foot of the mountain and its communities have deployed from the ravines to the 

lower parts, conspiring this with the provision of electricity networks, as they have to cross the mountainous area. To 

reach the consumer in figure 1, we can see the location of the parish within the province of Manabí (A) and the gulch 

of Guillen within the parish (B). 

 
Figure 1. Location of Abdón Calderón Parish (A) and (B) Guillen Stream 

 

The quality of energy results from continuous attention; In recent years, this attention has been of greater importance 

due to the increase in the number of sensitive loads in the distribution systems, which, by themselves, constitute a 

cause of the degradation in the quality of electric power. 

Figure 2 shows some images of the configuration of the territory and how the accessories of the electrical network 

(A) have transferred and the location of the lines as shown in (B) in rigorous conditions of the terrain in many cases 

humidity due to being close to the rivers. 
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Figure 2. Images of the adverse conditions of the Guillen creek 

 

The quality of energy can have defined when electrical energy has supplied to equipment and devices with the 

appropriate characteristics and conditions that allow them to maintain their continuity without affecting their 

performance, or cause failures to its components (UPME, 2011). As can be seen in figure 2, the conditions where 

electrical networks are located is not adequate, so in the transfer stage it is difficult and when the breakdowns occur it 

is very difficult to arrive, more rigorous when it is the winter period (January-May).  

From the technical point of view for an electrical installation to be efficient, four basic elements must be ensured 

(Jordi, 2009), management and optimization of the contracting; internal energy management through measurement and 

supervision systems; demand management and; improvements in productivity through the control and elimination of 

disturbances. 

Currently, some applications linked to renewable energy sources have considered suitable to improve the technical 

parameters of the network in areas with a high load, there are different ways to bring electricity to the homes of isolated 

rural communities, one of them is the extension of the network, the micro-networks or isolated networks and the 

domiciliary systems (Parrondo, 2012).  

Electrifying the rural environment entails supplying electricity to all communities, regardless of the technology, 

the energy sources used and the form of generation used. Rural electrification has mainly characterized by a low local 

charge density, which is why feasibility studies must have carried out that economically satisfy the technological 

variant used (Rodríguez et al., 2016). 

In the rural area, electrification has carried out preferentially through the extension of the electricity network, with 

very low utilization of renewable sources and distributed systems of generation and supply of energy, so that the 

electric service in these areas generates many losses, what affects the quality of it, especially in the stability of the 

network voltage. The problems increase in the winter when the rains arrive, where the interruptions become more 

frequent and the solution to the problems is more complex. 

In order to know the vulnerable points in the Guillen parish, a bonding project was developed where the points of 

the poles and the transformers were taken; in figure 3 the fieldwork carried out is shown. 

 

A 

B

A 
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Figure 3. Poles and transformers of the ravine of the study area 

 

In the parish, some relevant studies have carried out with the possibility of installing photovoltaic systems (Carreño et 

al., 2018). These can be of two types: a) unconnected systems to the network, which can have systems of accumulation 

of energy (batteries) or can have a simpler configuration, without batteries (autonomous) and b) systems connected to 

the network (Saltos et al., 2017). A photovoltaic array (set of solar modules) and an inverter integrate the 

interconnected photovoltaic (SF) systems, which is an electronic device that converts from direct current to alternating 

current. These do not have energy accumulation devices since the energy produced during the hours of insolation has 

channeled to the electric network.  

Autonomous Photovoltaic Systems (SFA) is probably one of the most modern renewable energy systems for 

autonomous rural electrification worldwide, given that more than 500,000 rural households have these electrification 

systems, throughout the world. Among the most relevant advantages of OSS, it is found that, for their operation, they 

only depend on solar radiation as an energy resource, they do not require the supply of fuel (necessary in the generators 

or hybrids), which represents a problem for the electrification in rural communities (Rodríguez et al., 2011). 

This analysis was carried out based on the radiation data offered by the SOLARGIS. where the long-term average 

annual solar radiation data of the daily total irradiation totals in optimal inclination (GTI), in kWh / m2, covering the 

period 1999-2015 (SOLARGIS, 2017), where ISO standards 19115: 2003, Geographic information - Metadata (ISO, 

2014), is met, which is a working tool that is used to know the radiation values on the cartography of the study area. 

 Figure 4 (A), shows the whole of Ecuador and where the behavior parameters are observed in the province of 

Manabí and in (B), long-term annual average of the potential production of photovoltaic electricity is observed 

(PVOUT), is the evaluation of the potential of photovoltaic energy production for an independent plant with modules 

mounted with an optimum inclination to maximize the annual photovoltaic production of Ecuador (SOLARGIS, 

Geographic information - Metadata, 2017). 
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The information is referenced in such a way that at any point on the map of the previous figures the values that are 

represented in each site are shown, allowing knowing the generation behavior for each area of the country, mainly the 

rural one. What helps to know what products you have and allows you to draw strategies to solve the problems of poor 

quality of energy in the areas studied. 

 

 
Figure 4. Solar irradiation of Ecuador (A) and Potential of photovoltaic energy generation (B) 

 

In the fieldwork, the quantity and capacity of the transformers and the houses that have linked as shown in table 1, 

have obtained. It is noted that the largest number of installed transformers have a capacity of 15 kVA, which feed 

approximately 10 homes each. 

 

Table 1 

Number of transformers and dwellings that feed 

 

Number of 

transformers 
Capacity (kVA) 

No. of 

dwellings 

3 5 13 

4 10 14 

20 15 127 

1 25 10 

Total 55 164 

 

Analyzing the totals it has observed that there are installed 28 transformers with a capacity of 55 kVA, which feed 164 

houses in the study area. The fundamental problem in this area due to the studied conditions is that when there is a 

breakdown of a transformer the conditions are around no less than 10 homes.  

Taking into account that these breakdowns cannot be repaired quickly because it is necessary to look for the 

appropriate climatological conditions, the affected populations can be between 3 and 6 months with interruption of the 

service, hence looking for other alternatives with renewable resources, in this case, solar energy. It is a viable and 

feasible solution in the Guillen creek and other areas with the same difficulties of poor quality of the electric service. 

 

 

4.  Conclusion 

 

a) It is technically, economically, environmentally and socially viable to introduce the photovoltaic technology 

connected to the low voltage network of the houses studied in the Abdón Calderón parish, with the aim of 

improving the energy quality of rural areas. 
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b) The intensity quality and availability of solar potential throughout the year in the Abdón Calderón parish, allows 

the introduction of photovoltaic technology to generate electric power, with a competitive performance with 

any other technologies and existing generation sources,  

c) Which will allow improve the quality of the electric service, reduce losses, reduce the cost of kWh generated 

and served, preserve natural resources and contribute to avoiding COemissions2 into the atmosphere? 
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