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 The availability of endogenous energy resources in the province of Manabí 

can play an important role in achieving a diverse and sustainable territorial 

energy matrix. This research work shows the results of the project called 
geographic information system for sustainable development through the use 

of renewable energy sources. For the management of the project database, 

the geographic information system was used, and the information analysis 

took into account the works published in the main international databases on 
the use of renewable sources, planning energy, decision-making, and local 

development. The work allows revealing the energy potential that the 

territory of Manabí has in terms of the availability of renewable energy 

sources using the geographic information system, which can help in the 
decision-making process that contributes to the achievement of a diverse and 

sustainable territorial energy matrix. 
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1. INTRODUCTION 

The organization of the socio-economic sectors is fundamental in local development. The authorities 

empowered to make decisions must be responsible when it comes to using natural resources to achieve 

optimal use of the endogenous potential of the localities. In addition, decision-makers must rely on the results 

of science and technology to carry out viable and sustainable energy planning. 

Energy development in Ecuador over the last 50 years has been dizzying. In the 1970s, 

electrification of the country did not exceed 60%, and in rural areas, nine out of ten people did not have 

electricity service. At the beginning of 1990, electric service coverage reached 77% in cities and 45% in rural 

areas. By 2017, electricity service coverage had been increased to more than 97% of the population living in 

the national territory and electrification had been extended to more than 95% in rural areas [1].  

The progress of the electricity sector in Ecuador was given by the great interest of the government 

and private companies, achieving the construction of several hydroelectric plants that take advantage of the 

great water potential of the Sierra region and the Amazon slope. In addition, existing power plants were 

improved, and re-powered and new ones were built [2]. For this, different programs were developed, among 

which is the rural and urban marginal electrification fund (FERUM) [3]. The objective of the FERUM 

program was to raise the national electricity coverage index, building new power lines in non-interconnected 

zones [3] but did not take into account the availability of renewable energy sources (RES) in the country. 

https://creativecommons.org/licenses/by-sa/4.0/
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In the province of Manabí, electric service coverage in cities in 2000 reached 70%, but only 30% in 

rural areas. By 2017, 99% of the territory had been electrified, although in rural areas 9% of the population 

continued without access to electricity [1], [2], [4], [5]. The expansion of the national interconnected system 

(SIN) through the FERUM program between 2000 and 2017, influenced the decrease in the efficiency of the 

electrical system by increasing losses due to sub-transmission, distribution, and supply of energy. 

Studies on the available energy potential of renewable energy sources and the possibilities of their 

use, to achieve diversification and efficiency of the energy matrix, should constitute the starting point of 

energy planning methodologies for Ecuador and especially for the province of Manabí [1], [2]. Territorial 

planning and ordering techniques can be used to characterize the territory energetically, and thereby define 

the energy potential of renewable energy sources, which would allow an efficient and effective choice of the 

type of source to be used and the types of adequate technical systems that allow their introduction, either as 

isolated microgrids [6] or systems connected to the grid in the distributed generation model [7]. 

The relationship and integration of renewable energies to planning and land use planning processes 

arise from the need to have sustainable development strategies, which achieve a comprehensive perception of 

the available sources, improve the living conditions of the population, and achieve the development of the 

territories [4], [8]. The use of tools associated with information and communication technologies can play a 

key role in this. geographic information systems (GIS) can make the spatial study of the territory feasible, 

contributing to the location of renewable energy sources and defining the appropriate sites for the installation 

of technologies that make their use possible [9]. The objective of the work is to disseminate the results of the 

project entitled geographic information system for sustainable development (GISDIS), which was developed 

by professors and students at the Technical University of Manabí, demonstrating the importance of GIS in 

information management relevant to the potential of renewable energy sources and their possible use to 

achieve a diverse energy matrix that responds to the principles of sustainable development. 

 

 

2. MATERIAL AND METHOD 

The database was managed with the GIS and served as the basis for comprehensively analyzing the 

territory and the availability of renewable energy sources (RES) at a local scale [8], [10]. For the analysis of 

the information related to the solar potential, the data generated by [11] were used. For the elaboration of the 

information on the water potential, the results of the project to study the water potential in the rivers of the 

province of Manabí [12] were based, and the study of biomass was possible due to the collaboration of 

specialists in the sector farming of the province, the municipalities, as well as the producers and owners of 

livestock in the territory. The research is descriptive since it allowed to evaluate the particular energy 

characteristics of the province of Manabí, which allows describing the influence of endogenous energy 

resources to diversify the energy matrix of the territory.  

 

2.1.  Legal justification for the use of renewable energy sources 

In article 413 of the Constitution of the Republic of Ecuador, it is endorsed that: “the state shall 

promote energy efficiency, the development and use of environmentally clean and healthy practices and 

technologies, as well as diversified, low-impact renewable energies that do not put at risk food sovereignty, 

the ecological balance of ecosystems or the water right” [13]. In 2009, the 2009-2020 Electrification Master 

Plan [14] was approved, which proposed to promote electrification, which led to an extraordinary boost in the 

electricity sector, which included the extension of electricity networks to rural areas, achieving a positive 

impact on said communities. In 2009, the national planning and development secretariat approved the 

national development plan for good living [15]. This plan is expected to produce substantial changes in the 

energy matrix as an engine for generating wealth. It is considered that the production, transfer, and 

consumption of energy should be radically oriented towards sustainable environments, for which the use of 

renewable energies and energy efficiency should be promoted. In 2013 another development plan was 

approved called the national plan for good living 2013-2017 [16], which constitutes the continuity of the first. 

The relevance of increasing the representativeness of energy obtained from renewable sources, strengthening 

the non-renewable energy base, and of establishing adequate management of energy demand, to achieve 

sustainability over time and minimize risk in the future, is recognized. energy supply [17]. 

Recently, Ecuador's Electricity Regulation and Control Agency have drawn up a draft regulation to 

study the regulatory framework for introducing the concepts of distributed generation into the national 

electricity system [1]. This regulation states that in rural areas, the energy system should be structured based 

on the concept of improving the quality and efficiency of the service, through the diversification of energy 

sources, where distributed generation is the center of the restructuring to improve energy quality and increase 

efficiency. To achieve this, it is necessary to adequately combine the technical options available at the 
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territorial level, taking advantage of endogenous sources to promote the preservation of natural resources and 

respect for the environment [18]. 

 
2.2.  Local development strategy 

Despite the socio-economic progress achieved between 2007 and 2017 in Ecuador, the social 

development model could not provide answers to all the proposed objectives as it did not demonstrate 

sufficient effectiveness to face various crises without increasing the poverty rate or maintaining the levels 

reached in production and services. For example, the reduction in the price of oil from 2015, the application 

of neoliberal measures from 2018 that led to a reduction in financing for vital activities such as education and 

health, the impact of the coronavirus disease (COVID-19) pandemic to early 2020, among other complex 

situations [19], [20]. Figure 1 shows the relationship of poverty in urban and rural areas in Ecuador and the 

province of Manabí from the year 2017-2020. 

 

 

 
 

Figure 1. Relationship of poverty in Ecuador and the province of Manabí 

 

 

To reinforce the strategy for energy diversification and sustainable development, the creation of a 

geoportal for sustainable development is proposed, which is based on an open-access GIS and with the 

capacity to offer information on the potential of renewable sources of energy in the territories, as well as 

other relevant data and information related to the use of these sources. The province of Manabí is among the 

territories of Ecuador that have the highest energy consumption per inhabitant. Figure 2 shows the 

relationship of electricity consumption in the province of Manabí with respect to the rest of the country's 

provinces. 

It can be seen that the province of Manabí is among the three provinces with the highest per capita 

electricity consumption nationwide. In Manabí, the highest consumption is concentrated in the municipalities 

of Portoviejo, which is the capital of the province, and Manta, which is a port city with an important 

industrial and administrative component. Currently, 99.1% of electrical energy production in the province of 

Manabí is carried out through thermoelectric plants, and only 0.9% of this energy is generated in three 

photovoltaic plants that were installed at the initiative of the sector private as of 2015. In addition, in the 

study to achieve the repowering of the generation system of the province, the availability of renewable 

sources in the territory was not considered [17], [21]. 

 

2.3.  Solar energy 

The geographical location of the province of Manabí is favorable to take advantage of solar energy. 

The values of the solar radiation index of the province of Manabí can be found in [11]. The province's 

average annual solar potential is 4,601 kWh/m2, which allows generating on average the equivalent of  

4,009 kWh/kWp per day [22]. It must be taken into account that photovoltaic installations connected to the 

grid in the distributed generation mode are more efficient, mainly due to a significant reduction in losses and 

a higher quality in the delivery of electrical energy [23]. Autonomous photovoltaic plants are excellent for 

guaranteeing electricity service in rural areas that are distant from the electricity grid, as is the case in many 

areas of the municipality of Chone that still do not have electricity [24]. 
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Figure 2. Relationship of electricity consumption in the province of Manabí and the rest of the country [2] 

 

 

2.4.  Hydraulic energy 

At present, the potential of hydro energy that exists in the rivers and reservoirs located in the 

province of Manabí is not used [3], [12], therefore it constitutes an energy reserve that can be used to provide 

electricity service in rural areas [25], [26]. Table 1 shows the results of the study carried out in 11 rivers in 

the province where 220 points located near rural communities were analyzed. The Jama river has the highest 

flow with 16.01 m3/s, followed by the Portoviejo river with 15.62 m3/s, the Guineal river with 8.26 m3/s, and 

the Chone river with 5.26 m3/s. In the communities studied there is an average of five people per house, with 

a demand of 5 kW per family, and the electricity service is evaluated as regular by the residents of the 

communities themselves.  

 

 
Table 1. Flow measurement in 11 rivers in the Province of Manabí 

Rivers Number of Houses Electricity demand per dwelling (kW) Average flow rate (m3/s) 

Ayampe 475 7.8 1.98 

Pajan 2486 8.9 1.15 

Guineal 890 5.2 8.26 

Portoviejo 1670 9.8 15.62 

Carrizal 2592 8.6 0.22 

Chone 156 5.4 5.26 

De Oro 745 7.1 0.29 

Esperanza 3003 6.2 1.72 

Jama 22 5.9 16.01 

Convento 2452 5.8 1.80 

Coaque 538 8.5 0.46 

Source: own elaboration based on [12] 
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2.5.  Energy sources derived from biomass use 

Another renewable source that is available in the province of Manabí is the one that comes from the 

management of biomass. The energy derived from this energy source has many advantages, among which 

are, it is not a polluting source, generates new jobs, integrates energy vulnerable communities, reduces the 

emission of greenhouse gases, converts waste into resources, among others [27]–[30]. The territory is 

characterized by being rich in different types of residuals from agro-productive and agro-industrial  

processes [30]. For example, the province of Manabí is the third in the cultivation of rice on a national scale, 

with a planted area of 14593 ha [28]–[31]. 

The energy density and the ease of management for the collection, treatment, and supply to the 

generating plant of the residuals from the rice harvest make it feasible to be used as an alternative for energy 

self-consumption of the industrial processing plants of this crop. One of the energy alternatives that offer 

development prospects in the province of Manabí is obtaining biofuel. In several cantons, the Jatropha 

curcas plant is used to limit land and spaces [27]. Good energy quality biodiesel is extracted from the fruit of 

this plant. Currently, the harvested fruits are sold to the Galapagos Island where biodiesel is extracted to 

generate electricity [32]. 

Agricultural activity in the province of Manabí is the one that dedicates the largest area of land on a 

national scale, with 777,088 ha for cultivated and natural pastures. Cattle lead the country's livestock sector 

with 921823 head of cattle, which represents 22.7% of the national total [33]. Figure 3 shows the number of 

cattle by municipalities, where it can be seen that Chone concentrates the largest agricultural activity in the 

territory. The residuals derived from the raising of cattle can be used in the production of biogas, but at 

present, this source of energy is not being used in the province [34]. 

 

 

 
 

Figure 3. Number of cattle per canton [30] 

 

 
3. RESULTS AND DISCUSSION 

Currently, in the province of Manabí, the diversification of energy sources is limited, although the 

territory has sufficient endogenous energy resources, which can be used through power generation systems 

connected to the grid in the way of distributed generation [35]–[38], as well as isolated systems to achieve 

the electrification of rural areas. The province of Manabí ranks among the territories with the highest level of 

poverty in Ecuador. Four out of ten citizens are in poverty and in rural areas six out of ten are poor. 
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Harnessing RES can serve as a driving force to reduce poverty levels, especially in rural areas. For this, it is 

necessary to assume a local energy development strategy that is based on the use of the RES, on the 

decentralization of planning processes, on the allocation of resources, and on energy management. Figure 4 

shows the conceptual scheme that is proposed to be assumed as part of the strategy for energy 

decentralization and sustainable local development. 

 

 

 
 

Figure 4. Conceptual outline of the strategy for energy decentralization and local development 

 

 

The strategy for energy diversification and sustainable local development that is proposed to be 

applied to ensure the quality of the electricity supply seeks to ensure that local factors actively participate in 

the energy management of their territory. In addition, it is necessary to move towards the decentralization of 

energy planning processes to ensure that localities that have technological capabilities can take advantage of 

their resources. Currently, the province of Manabí has 7 electricity generation plants, of which 3 correspond 

to photovoltaic installations connected to the grid, with an effective installed power of 1.52 MWp and  

4 plants that operate based on consumption of fossil fuel, with an effective power of 159.82 MW. In 2018, 

the province billed 1,483.87 GWh of energy consumed, with system losses amounting to 22.81%, a value 

that is double the national average, which is 11.39%. 

The Manavita territory has a territorial extension of 18940 km2. Considering that only 0.1% of this 

space is used to install photovoltaic solar systems, more than 2 GWh can be generated in a year, a figure 

higher than what is billed annually in the territory. In the province of Manabí, there are no significant 

potential for hydropower, but in the territory, there are several rivers and reservoirs that can be used to 

provide electricity service to certain rural areas. From the study of the water potential offered by the rivers of 

the province, it can be determined that 147 communities are close to the Ayampe, Pajan, Guineal, Portoviejo, 

Chone, La Esperanza, Jama, and Convento rivers, where it is possible to install micro turbines with a power 

between 5 kW and 100 kW. In another 73 communities, which are located near the Carrizal, De Oro, and 

Coaque rivers, turbines with power between 4 kW and 5 kW can be installed. In general, the territory has 

equivalent water energy of 0.9 GWh per year, benefiting 75686 residents of rural areas. 

The energy reserves of biomass are another source that presents real possibilities of use in the 

province of Manabí and that is not currently being used. Current paddy rice production can generate about 

2980 tons of husk. From the study carried out on biomass, it can be determined that the energy potential in 

the territory amounts to 2.4 GWh. 

Another important energy reserve in the province of Manabí is related to agricultural production. 

The province is home to 23% of the country's cattle. However, there is no reference to the introduction of 

biogas plants for energy and environmental purposes, which would guarantee the adequate treatment of 

agricultural waste.  

 

 

4. CONCLUSION 

The Ecuadorian legal framework and the political will of the State respond to the need to take 

advantage of endogenous energy resources to achieve the structuring of a diverse and sustainable energy 

matrix. Despite this, in the province of Manabí, it has not been achieved for different reasons, among which 
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are the lack of knowledge about the availability and characterization of renewable energy sources in the 

territory by decision-makers. Starting in 2016, studies related to the use of GIS and information and 

communication technologies begin to generate geospatial information on the local availability of RES, which 

allows promoting their proper use as part of a diverse energy matrix, distributed and sustainable. 

The investigation allows revealing the potential and the geographic location of the renewable 

sources of energy that the province of Manabí possesses. In addition, the study shows that it is necessary to 

achieve the active participation of decision-makers in the region to achieve the introduction of these 

technologies in a relatively short time. With this, not only would new jobs be generated, but it would also 

reduce the cost of energy, increase the environmental role of the territory, and contribute to the reduction of 

environmental impacts associated with energy activity. The results of the research allow us to verify that in 

the province of Manabí there is the availability of various RES such as solar, water, and biomass, with 

sufficient capacity to reduce dependence on electricity supply from the SIN and thus structure a territorial, 

diverse and energy matrix sustainable. 
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