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ABSTRACT 

 

The objective of this study was to analyze solar panels as an energy saving alternative in the Monteverde 

Maritime Dock, Santa Elena, Ecuador. Methodology: The type of research was quantitative, descriptive 

and field, with the support of a bibliographic-documentary study. The population consisted of 10 

participants. The data collection technique used was the survey and the instrument was a questionnaire 

type Likert scale. Data processing was carried out using descriptive statistics. Results: 50% of those 

surveyed agree with the use of renewable energies; 60% indicate that traditional or conventional sources 

of energy are the most used; 60% consider the installation of photovoltaic technology possible; 70% 

consider it profitable to invest in solar panels in lighting systems on the dock and its buildings. 

Conclusion: applying a gradual approach to the use of photovoltaic technology, it is possible to 

incorporate solar panels in buildings and for external lighting of the Santa Elena Maritime Dock, since 

the radiation conditions, regulations, economic resources and trained personnel exist, only the will is 

needed to execute the pertinent actions in favor of environmental and social responsibility. 
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RESUMO 
 

No final de 2019, iniciou-se uma pandemia que trouxe consigo importantes mudanças na saúde física e 

mental dos seres humanos. Os estados de confinamento fazem com que as pessoas, especialmente os 

jovens, mudem seus métodos de relacionamento e estudo. Considerando que a juventude traz consigo 

mudanças emocionais, culturais e sociais, é importante saber como essa pandemia pode aprofundá-las 

ainda mais. Objetivo: Conhecer a prevalência de deterioração do padrão de sono em alunos de 

Enfermagem da UTA pós-COVID-19 no ano letivo de outubro de 2022 a março de 2023. Metodologia: 

Recolheram-se dados de uma amostra probabilística de 275 alunos através de um questionário online. 

Aqui, informações sociodemográficas foram coletadas e dois instrumentos validados foram usados: o 

índice de gravidade da insônia e a escala de sonolência de Epworth. Resultados: Mostra-se que 83,64% 

dos participantes apresentaram pelo menos um distúrbio leve do sono. 76,4% dos alunos avaliados 

apresentaram algum problema de insônia e 57,1% têm problemas de sonolência diurna. Foi identificada 

uma correlação estatisticamente significativa entre os resultados desses dois questionários e que as 

mulheres têm uma leve tendência a sentir sonolência em relação aos homens. Conclusão: Os resultados 

e a literatura sugerem que os distúrbios do sono são gerados pela má organização do tempo dos 

alunos. Apesar disso, o confinamento pode ser um agravante dessa condição, podendo desencadear 

outros transtornos. 
 

Palabras clave: Painéis solares, economia de energia, porto marítimo, Equador. 

 

RESUMEN 

 

Este estudio tuvo como objetivo: analizar los paneles solares como alternativa de ahorro energético en 

el Muelle Marítimo Monteverde, Santa Elena, Ecuador. Metodología: El tipo de investigación fue 

cuantitativa, de tipo descriptivo y de campo, con apoyo de un estudio bibliográfico-documental. La 

población estuvo conformada por 10 participantes. La técnica de recolección de datos empleada fue la 

encuesta y el instrumento un cuestionario tipo escala Likert. El procesamiento de los datos se llevó a 

cabo mediante la estadística descriptiva. Resultados: un 50% los encuestados están de acuerdo con el 

uso de las energías renovables; 60% indica que las fuentes tradicionales o convencionales de energía 

son las más usadas; 60% considera posible la instalación de tecnología fotovoltaica; 70% considera 

rentable la inversión en paneles solares en los sistemas de iluminación en el muelle y sus edificaciones. 

Conclusión: aplicando un enfoque gradual de utilización de tecnología fotovoltaica, es posible la 

incorporación de paneles solares en las edificaciones y para el alumbrado externo del muelle Marítimo 

de Santa Elena, pues existen las condiciones de radiación, normativas, recursos económicos y personal 

capacitado, solo hace falta la voluntad para ejecutar las acciones pertinentes en pro de la 

responsabilidad ambiental y social. 

 
 

Palavras-chave: Paneles solares, ahorro energético, muelle marítimo. 
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INTRODUCTION 
 

It is a globally recognized fact that over time, the pollution of the natural environment has been contributing 

significantly to the planetary deterioration and environmental outcomes that humanity witnesses today. Hence, broad sectors 

of the world that have in common their interest in the protection, care and restoration of terrestrial ecosystems, in an effort 

to contribute to find an answer to this problem opened a path through renewable energy sources, as alternatives to the use 

of fossil fuels such as oil, coal and natural gas. 

As is well known, the planet is currently facing a climate crisis due to the increase in anthropogenic emissions of 

greenhouse gases (GHG), as a consequence of the way in which humanity has developed so far Liberona, (2020) that is, 

favoring growth and development based on the extraction and processing of natural resources, which demand high energy 

consumption, for which fossil fuels have been increasingly burned (Liberona, 2020).  

Mention should be made of the study published by the Copernicus Climate Change Service (C3S) of the European 

Union, which reveals that, in the year 2020, atmospheric concentrations of greenhouse gases: carbon dioxide (CO2 ) increased 

by 0.6% and methane (CH4 ) increased by almost 0.8%. It is estimated that they were at their highest point in 2003, when 

satellite observations began (C3S, 2021). 

The above is reinforced in the report issued by the World Energy Organization (IEA) where it underlines that globally 

in 2021 global carbon dioxide emissions (CO2 ) increased by 5%, very close to the historical peak of emanations of the gas in 

the period 2018-2019 (IEA, 2021). At this point, it can be noted that, as the predominant energy source, fossil fuels 

collectively accounted for 86.2% of total energy consumption during 2009-2018 (Looney, 2020). Only 13.8% of energy 

consumption during 2009-2018 came from renewable or alternative energy sources, with hydropower accounting for almost 

half (Looney, (2020). After observing the results of the research work developed by the aforementioned authors and several 

organizations located around the world, which share the concern for the sustained deterioration process that the planet has 

been experiencing for many years and, especially for the role that fossil fuels have been playing in this matter, as Liberona 

emphasizes, (2020) "it is imperative to stop the use of fossil fuels and move towards the use of clean energies" (p. 7). All this, 

in order to reverse the significant deterioration of nature caused by industrial activities based on the use of polluting 

energies. 

Emphasizing industry, one of the most dynamic sectors of the economy, the International Energy Agency (IEA) 

estimates that industry as a whole consumes more than 40% of the world's electricity. Other sectors include agriculture, 

commercial and public services, residential consumption and other unspecified uses (IEA, 2007). Therefore, it is possible to 

state that in both industrialized and developing countries there are still many facilities whose main source of energy supply is 

fossil fuels. Thus, the fuels most consumed by this productive segment are coal (78%) and oil (9.4%) (IEA, 2007). This leads us 

to say that a substantial change is required in the use of energy, which should be oriented, as has been emphasized from 

different perspectives, to the use of less polluting, cleaner and more environmentally friendly energy sources. 

Focusing on the maritime industry, a sector that is linked to this research, it is worth highlighting what the Maritime 

Transport Research Group of the Foundation of the University of Oviedo (2008) states about the fact that the evolution of the 

international economy, the volume of world trade and the cycles of the shipbuilding industry have caused an exponential 

growth in ports. But, at the same time, these activities especially cause the constant expansion of ports to have a significant 

impact on the environment (Larrea, 2022). Consequently, and in the understanding of the responsibility that they are directly 

obliged to fulfill due to regulatory frameworks, port administrations must establish actions that, in Larrea's opinion, (2022) 

allow them to achieve environmental sustainability and help other links in the logistics chains in this task, such as maritime 

transport or road transport.  

In view of the above, as part of these efforts, according to Larrea (2022), energy efficiency and electrification of port 

equipment can be promoted in maritime terminals and the development of renewable energy infrastructure can be 

encouraged. At this point, solar panels can become an alternative for energy saving in maritime terminals and, in particular, 

the Monteverde Maritime Pier, Santa Elena, Ecuador, is mentioned, since it constitutes the environment of this research. 

Framed with this, it should be noted that the privileged geographical location of Ecuador, makes it a region with a great 

potential for constant solar radiation throughout the year, which undoubtedly can be exploited for photovoltaic power 

generation projects.  

With all these points, this research work is born in the interest of contributing to provide knowledge that can serve to 

seek energy saving solutions and raise awareness about environmental care, which is in line with reducing GHG emissions, 

because in recent years there is a perception in the community that the natural environment has deteriorated and especially 

the maritime dock environment that is a substantial part of the economy and the development of the productive activities of 

the country and this Ecuadorian province in particular, has not been immune to this phenomenon. These statements are 

supported by the report of Mundo Marítimo, (2019), when it states that actions must be taken for the terminal to function 
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properly, among other measures include: reducing environmental emissions and it is there, where energy saving can 

contribute greatly. For this reason, the general objective of this research is to analyze solar panels as an energy saving 

alternative at the Monteverde Maritime Pier, Santa Elena, Ecuador. This reflection will allow the responsible and/or 

institutional entities to design strategies and make decisions regarding the aspects identified. 
 

Theoretical Basis  

Photovoltaic Solar Energy 

It is a technology that generates direct current (power measured in watts or kilowatts) by means of semiconductors 

when they are illuminated by a beam of photons. As long as light strikes a solar cell, which is the name given to the individual 

photovoltaic element, electrical power is generated; when the light is extinguished, the electricity disappears (Alonso et al, 

2007). Like any technology, photovoltaic solar energy has certain advantages and disadvantages, which are mentioned below. 

 

Table 1. Advantages and Disadvantages of photovoltaic solar energy 

 

Advantages Inconveniences 

Clean, renewable, infinite, silent Large initial investment 

Economic retribution for production for sale to the grid Difficult to store 

Subsidies Complex and expensive module manufacturing 

process 

Short energy pay-back Not competitive with other energies at present. 

No modular moving parts Variable production according to weather and 

time of the year 

 

Source: Alonso et al (2007) 

 

According to the Economic Commission for Latin America and the Caribbean (ECLAC), solar energy, although it has 

grown widely, only a very small fraction of potential users: homes, businesses, industries, schools and public buildings, 

currently have solar roofs (photovoltaic panels) (ECLAC, 2020). Hydroelectricity continues to be the most widely used 

renewable resource, but much attention must be paid to the adequate mitigation of environmental and social impacts and 

the participation of communities. This will be the key to obtaining licenses for future water projects (ECLAC, 2020). 

Solar Panels 

Photovoltaic panels are devices that perform the function of transforming the radiation coming from the sun that 

passes through the atmosphere into useful energy (Bitar & Chamas, 2017). In another definition, Aguirre, (2018) indicates that 

it is the set of small cells composed mainly of crystalline silicon or gallium arsenide (semiconductor materials) that convert 

light into electricity by means of a photovoltaic effect.  

These tools provide several advantages, which can be summarized according to Bitar & Chamas, (2017) as follows: a) 

low maintenance cost; b) generation of zero harmful emissions to the environment and; c) feasibility of installation and 

coupling with existing energy sources at the installation site. According to Aguirre, (2018), there are a variety of cells from 

which solar panels are made, but the most well-known in the market are: mono-crystalline silicon cells; poly-crystalline silicon 

cells and thin film cells.   

In order to obtain the highest efficiency from the solar panels, the inclination and orientation at the time of 

installation must be taken into account. If the loads are small it is common to install them in a fixed position; if these are 

large, the installations have solar tracking systems that rotate according to the location of the sun, taking better advantage of 

the solar resource and also increasing the cost of the installation. The orientation of the panels will always be the opposite to 

the hemisphere where they are installed (Aguirre, 2018). To determine the most suitable separation distance to install solar 

panels for their highest efficiency, Aguirre, (2018), the following mathematical equations are used: 

Minimum angle of the sun's position with respect to the observer. 

 

Equation 2. Distance adjacent to the set tilt angle 

 

Equation 3. Height at which the panel of the surface is located by inclination placed 
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Equation 4. Panel shadow generation distance 

 

Equation 6. Minimum distance between panels 

    

Where: 

• γ = Smallest angle of the sun's position with respect to the observer. 

• δ = inclination of the earth with respect to the sun the one with the smallest angle. 

• L = Latitude 

• β = Inclination of PV panels 

• d = Minimum distance between PV panels 

 

Energy Efficiency in Maritime Transportation 

 

Research conducted on energy efficiency in shipping, as highlighted by the authors (Fridel et al, 2013), covers 

alternative sources, operational, technical and structural measures for energy savings and emissions abatement. In order to 

achieve this goal, Ecuador has been promoting for some years now the Change of the Energy Matrix, which consists of 

increasing the power or electric energy generation capacity in an efficient and environmentally clean way (Guastay & Llanes, 

2020). Thus, according to the Agency for Regulation and Control of Energy and Non-Renewable Natural Resources 

(ARCERNR) of Ecuador, the country has an effective installed capacity of renewable energy sources, which corresponds to the 

participation of the hydraulic source in 96.9% and only 3.1% corresponds to wind, solar and biomass energy together 

(ARCERNR, 2021). Due to their location, ports can play a fundamental role in the decarbonization agenda of countries and, in 

particular, of international logistics chains and facilitate economic growth between regions and countries (Larrea, 2022). 

 

Figure 1. Average Normal Direct Irradiance Indicator 

 

Source: Data expressed in kWh/m2. Solar radiation, Global Solar Atlas, 2022 

 (https://globalsolaratlas.info/detail?c=-2.066214,-80.749726,11&s=-2.066214,-80.749726&m=site) 

 

Photovoltaic Energy in Ecuador and in the Province of Santa Elena 

According to estimates by the National Electricity Council (CONELEC) and the Energy Research Corporation (CIE), the 

approximate average value of global solar radiation in Ecuador is 4.575 Wh/m2 /day CONELEC & CIE, (2008), throughout the 

national territory and in some places it is higher than 5 kWh/m2 day (one of the highest values in the world) (Velasco & 

Cabrera, 2010). In this last group of Ecuadorian localities with high solar radiation, the Santa Elena area can be included, since 

the graph shows the average monthly irradiation expressed in kWh/m2, where the month of July has the lowest irradiation, 

while the month of April has the highest solar incidence index in the sector under study, with an average solar irradiation of 
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93.6 kWh/m2. 

Thus, according to Muñoz et al (2018) the estimated solar potential for electricity generation purposes in the country 

is 312 GW equivalent to 456 TWh per year or 283 MBEP (million barrels of oil equivalent) per year. This value is approximately 

equivalent to fifteen (15) times the country's technical and economically exploitable hydroelectric potential (Muñoz et al, 

2018). Taking into consideration this solar potential, Ecuador has implemented policies to reduce the emission of polluting 

gases, modifying its energy matrix to take advantage of its climatic and geographical conditions, seeking to implement the 

use of renewable energies such as photovoltaic (Navas et al, 2022). 

 

METHODS 

 

The methodology used in this research is the quantitative approach, which according to Hernandez et al (2006), has 

the characteristic of choosing an idea, which is transformed into one or several relevant research questions; after these 

variables are derived and studied within a specific context, the measurements obtained are analyzed through statistical 

methods and conclusions are drawn. In the same way, information was compiled in relation to the general data on the 

characterization of photovoltaic energy in Ecuador and specifically in Santa Elena and its possible use as an alternative energy 

to the use of fossil fuels, which was analyzed by means of documentary analysis. In the opinion of Finol & Nava (2001), 

documentary research "constitutes an activity that is developed in any environment where information, observations, 

evaluations, analysis and interpretations can be obtained and in which the personal contribution represents a quota of 

participation in the development of the research" (p.26). Additionally, these authors state that this task leads to the 

production of new knowledge, proposals, comparisons and generalizations about the subject of study (Finol & Nava, 2001). 

The application of the quantitative approach is carried out with the aim of analyzing in the best possible way, the 

relationship that may exist between the use of solar panels as an alternative for energy savings in the Maritime Pier of the 

Liquefied Petroleum Gas (LPG) Plant in Santa Elena, Ecuador, since, as already pointed out in the previous lines, Ecuador is 

immersed in an energy transition, hence, if the transportation that involves the commercialization of fossil fuels is carried out 

with clean energy, in this case photovoltaic, it can partially offset the GHG emissions derived from these polluting products. 

Place of study 

The Monteverde Maritime Terminal Pier (TMV), which is located in the province of Santa Elena (bordered by the 

province of Guayas to the north, east and south, and the Pacific Ocean to the west), in the town of Monteverde, 40 km north 

of the city of Salinas and 27 km from the city of Santa Elena. 

 

Figure 2. Geographical location of the Monteverde Maritime Terminal Pier 

 

 

 

Source: Mindiola & Recalde, (2008) 

 

Type of research 

The design of the research exercise is descriptive and field-based, since its purpose is to describe the levels of the 

variable in a real context without manipulating it. According to Hernández et al, (2006), description is understood as the 

process by which different elements of the variables are evaluated in order to specify the most relevant properties of the 

studied phenomenon based on its characteristics, in this case of solar panels as energy saving alternatives. On the other 
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hand, it is pointed out that the present research is Field, according to Palella & Martins, (2012) "data collection is carried out 

directly from the reality where the facts occur, without manipulating or controlling variables, that is, it studies the phenomena 

in their natural environment" (p.88). In this particular case, the research was carried out at the Monteverde Maritime Pier, 

Santa Elena, Ecuador. 

Population and Sample 

For the present investigation, it was determined that the population would be made up of the workers involved in the 

operations of the Monteverde Maritime Pier, Santa Elena, Ecuador, linked to the problem under study and who are 

determinant in the resolution of the same, that is, the Maritime Operations Supervisor (2), Industrial Safety Supervisor (1); 

maritime operations personnel (5) and Maintenance Department Supervisor (2); for a total population of 10 people, who gave 

their informed consent to participate in this investigation. 

According to Hernández et al, (2014) the population is: "the set of all cases that match certain specifications" (p.174). 

Therefore, the researcher must know it, define it and determine it, as this will allow him/her, among other activities, to 

consider the elements that may be more representative of the phenomenon in order to plan the data collection. 

Regarding the sample, Palella & Martins (2012:), point out that the researcher has two ways to carry out his study, "to 

cover the entire population, which means taking a census or census-type study, or to select a certain number of population 

units, i.e., to determine a sample" (p.105). Taking into account these approaches, in this research it was decided to take the 

totality of the population, because it is finite, small and easily accessible, for the collection of information. 

Data Collection Techniques and Instruments 

The data collection techniques used in the development of this research were: direct observation, survey and online 

documentary review of reliable databases such as Google Scholar, publications of indexed journals such as Scielo, Redalyc, 

Dialnet; digital libraries of both national and international universities, digital repositories of organizations such as ECLAC, IEA, 

IOE, among other sources. In this regard, Hurtado (2000) defines documentary observation as "a technique in which written 

information is used, either in the form of data that may have been the product of measurements made by others, or as texts 

that in themselves constitute the events under study" (p. 427). 

Regarding direct observation, Hernández et al, (2006) state that observation consists of the systematic, valid and 

reliable recording of behaviors or manifested behaviors, taking into consideration verbal and non-verbal communications and 

that it is a non-obstructive measurement technique. Regarding the survey, it is defined Palella & Martins, (2012) as: "a 

technique intended to obtain data from several people whose opinions are of interest to the researcher". The instrument 

used by this technique is the questionnaire, which, according to Hernández et al, (2006) is perhaps the most widely used for 

data collection; it consists of a set of questions regarding one or more variables to be measured.  

In addition, the Likert-type scaling was used; this scale, according to Hernández et al. (2006), consists of a set of items 

presented in the form of statements or judgments to which the reaction of the subjects to whom it is administered is 

requested. With a number of categories of 4 responses, which are classified as: always, almost always, almost never, never; 

with the questions having a positive or favorable direction. In addition, it is important to note that "always" has the highest 

score on the scale, i.e., that the respondent, when scoring with this score, performs or acts favorably in response to the 

question asked. 

Validity and reliability 

The validity of the content of the present research was carried out by means of the judgment of experts on this point, 

according to Palella & Martins, (2012) "validity is defined as the absence of bias. It represents the relationship between what 

is measured and what is actually intended to be measured" (p.160). The assessment of the experts in the subject matter issues 

their comments in this regard, they verify the concordance of the different items and unit of analysis with their theoretical 

content, thus, they gave the validation of the instrument, in terms of content, criterion and statistical, to then carry out the 

study of the results obtained. 

On the other hand, the reliability of an instrument, according to Hernández et al, 2006), "refers to the degree to 

which its repeated application to the same subject or object produces the same results" (p. 346). In this sense, to determine 

the degree of reliability of this instrument, a pilot test was conducted with 10 public officials different from the key subjects, 

but with similar characteristics. Following the thread of ideas, the pilot test according to Malhotra et al, (2004), refers to the 

application of the questionnaire in the previously calculated sample, which will yield the number of respondents to identify 

and eliminate possible problems. In this way, the details or defects that the questionnaire may have, can be modified before 

the final test. The Cronbach's Alpha Coefficient was used to measure the reliability of the questionnaire. Once the pilot test 

was conducted, the Cronbach's statistic gave a value of 0.87, a figure that reflects a high reliability according to (Palella & 

Martins, 2012). Thus, the instrument was ready to be applied to the entire population. 
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Data Processing and Analysis Techniques 

The data collected in this study, once the instrument developed for this purpose had been applied, were analyzed 

using descriptive statistics, since quantification and statistical treatment made it possible to reach pertinent conclusions in 

relation to the subject matter addressed by the researcher. Hernández et al (2006) defines this technique as the description of 

the data in order to analyze and relate them to each other and to their variables. The values obtained were satisfactorily 

consolidated within several frequency distribution data tables. 

 

RESULTS AND DISCUSSION 

 

Analysis and Interpretation of Results 

At the beginning of the survey, the questions were aimed at diagnosing the current situation regarding the use of 

renewable energy sources at the LPG maritime terminal in Monteverde Do you agree with the current trends towards the use 

of renewable energy sources for the protection of the environment at the LPG maritime terminal in Monteverde? 

 

Table 2. Frequency distribution of the respondents of the LPG maritime terminal in Monteverde, Santa Elena, Ecuador, regarding the question:  

Do you agree with the current trends towards the use of energy from renewable sources for the protection of the environment in the LPG maritime terminal 

in Monteverde? 

 
Alternative Frequency (F) Percentage (%) 

Always 5 50% 

Almost always 3 30% 

Almost never 1 10% 

Never 1 10% 

TOTAL 10 100% 

 

Source: The author (2022) data obtained from the application of the data collection instrument. 

 

 From the results obtained, 50% of the respondents reported that they always agree with the current trends towards 

the use of renewable energy sources for environmental protection at the LPG Marine Terminal in Monteverde, 30% almost 

always, 10% almost never, and finally 10% never.  

From this it can be inferred that most of the participants recognize the essential importance of the use of clean 

energies for the preservation of the natural environment and apply it within the institution, however, 20% of the participants 

state that they almost never or never agree with the use of renewable energy sources, thus inferring that these people 

consider that the use of traditional or conventional energies contribute in their daily activities to the achievement of 

organizational objectives, since paradoxically they work in a scenario based on energy sources associated with the use of 

hydrocarbons such as LPG. 

These statements are aligned, with what Poveda et al, (2017) state in their study, regarding the fact that the energy 

issue has become a priority factor at the international level due to the strategic importance of ensuring full and timely energy 

supply in an environmentally compatible manner. These authors also state that Ecuador is doing an outstanding job in this 

aspect. 

Table 3. Frequency distribution of the respondents of the LPG Maritime Terminal in Monteverde, Santa Elena, Ecuador, regarding the question:  

What do you consider to be the predominant energy source to carry out the activities at the LPG Maritime Terminal in Monteverde? 

 

Alternative Frequency (F) Percentage (%) 

Traditional or conventional sources 6 60% 

Hydraulic source 4 40% 

Solar, wind and biomass energy sources 0 0% 

Other 0 0% 

TOTAL 10 100% 

 

Source: The author (2022) data obtained from the application of the data collection instrument. 
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About 60% of the respondents indicated that traditional or conventional sources are used to carry out activities 

related to port activities, while 40% responded that hydraulic energy is the most used in dock operations, 0% indicated that 

solar, wind and biomass energy sources are not used in the processes carried out in this institution, and another 0% 

mentioned that other alternative energy sources are not used.  

Consequently, it can be inferred that for most of the respondents, the greatest expenditure is distributed between 

traditional or conventional energy sources (60%) and hydropower (40%). In accordance with this, Wilmsmeier, (2014) revealed 

that in Latin America and the Caribbean most of the energy used is generated, precisely, from these fuels, while, on average 

barely 30% of the energy used in container terminals is electric. 

Likewise, Guastay & Llanes, (2020) Ecuador has traditionally been supplied with renewable hydroelectric energy 

combined with a percentage of thermal energy (non-renewable) from fossil fuels. This has to do in part with the nature of the 

activities developed in the industrial sector. In this regard, Araujo & Lizaldes, (2015), estimate that energy consumption in the 

dock stage is of great importance due to the amount of operations carried out in the port, which in turn means large energy 

consumptions.  

In this way they point out that the operations that are handled at the dock, to handle loading, unloading and transfer 

cargo, require handling cranes and different equipment that consume a large amount of fuel (diesel). These cranes generate 

significant CO2,  emissions, which causes the environmental problems described in previous sections. Likewise, lights and 

buildings also contribute to the port's energy consumption and, therefore, to its emissions (Larrea, 2022). 

In this regard, one of the alternatives aimed at reducing the use of polluting energy sources at the Monteverde dock 

in Santa Elena, Ecuador, is, especially, photovoltaic solar energy, given the existing potential in the area. In line with this, 

Larrea, (2022) says that the improvement of the energy efficiency of the operations in the port area can be achieved through, 

among others, the generation of renewable energy for the operation, for example, wind turbines in port areas, solar panels in 

port buildings. 

This part of the research presents the results related to the planning of projects related to the use of photovoltaic 

energy at the LPG Maritime Terminal in Monteverde, Santa Elena, Ecuador.  

 

Table 4. Frequency distribution of the respondents of the LPG Maritime Terminal in Monteverde, Santa Elena, Ecuador, regarding the question:  

Do you consider that high-performance photovoltaic plants can be installed in the area to improve energy efficiency and at the same time protect the 

environment? 

 
Alternative Frequency (F) Percentage (%) 

Always 6 60% 

Almost always 3 30% 

Almost never 1 10% 

Never 0 0% 

TOTAL 10 100% 

 

Source: The author (2022) data obtained from the application of the data collection instrument. 
 

From the results obtained, 60% of the respondents indicated that they always consider that, in the Monteverde 

Maritime Pier area of Santa Elena, high-performance photovoltaic plants can be installed to improve energy efficiency and at 

the same time protect the environment; 30% indicated the option almost always; 10% chose the alternative almost never and 

0% never.  

From this it can be inferred that the majority of respondents, 90%, if the most chosen alternatives are added, 

recognize the potential of the territory to implement projects for the use of solar energy. In this framework, the geographical 

location of the country in relation to the sun can be considered privileged, due to the fact that in Ecuador sunlight is received 

constantly Grijalva & Vélez, (2020), the sun's rays are received perpendicularly and at a defined angle, all these conditions 

favor the use of this energy source through photovoltaic systems (Grijalva & Vélez, 2020).  

All of which creates the ideal scenario to apply a gradual approach to install solar panels on the dock facilities and 

buildings, as a solution aimed primarily at reducing fossil fuel consumption, minimizing GHG emissions, and increasing the 

use of clean energy sources, measures that will provide the port with a large number of economic and environmental benefits 

in the future. 
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Table 5. Frequency distribution of the respondents of the LPG Maritime Terminal in Monteverde, Santa Elena, Ecuador, regarding the question:  

Is the installation of solar panels in the lighting systems of the dock and its buildings considered among the short or long term goals? 

 
Alternative Frequency (F) Percentage (%) 

Always 4 40% 

Almost always 3 30% 

Almost never 2 20% 

Never 1 10% 

TOTAL 10 100% 

 

Source: The author (2022) data obtained from the application of the data collection instrument. 

 

About 40% of the respondents indicated that they always establish in the short or long term goals to consider in the 

planning the installation of solar panels in the lighting systems in the port and buildings of the LPG maritime terminal in 

Monteverde, Santa Elena, Ecuador, 30% almost always, 20% almost never and 10% never. The results obtained reflect that the 

majority of the respondents are convinced that 70% (if the answers with the highest percentage are added) that in the short 

or long term they intend to use solar panel technology in the dock. Another percentage (30%) indicates that the installation 

of these systems is almost never or never considered in the future, which is in contrast to what Grijalva & Vélez (2020) stated 

about the fact that within the framework of energy efficiency and savings in the country, two ways have been proposed to 

achieve this purpose; the first consists of conscious savings by the population and the second option corresponds to the use 

of alternatives that allow taking advantage of other sources of energy such as solar energy and through the different existing 

mechanisms to convert it into electric energy. 

Likewise, Article 413 of the Constitution of the Republic of Ecuador establishes that the State must promote energy 

efficiency, the development and use of environmentally clean and healthy practices and technologies, as well as renewable, 

diversified, low-impact energies (Pástor, 2019). This segment presents the results on the economic, financial and 

administrative factors that influence the decision making process on the profitability of the installation of photovoltaic panels 

at the LPG maritime terminal in Monteverde, Santa Elena, Ecuador, regarding the question: Do you consider that the 

institution has the trained personnel to calculate the profitability of photovoltaic systems? 

 

Table 6. Frequency distribution of the respondents of the LPG Maritime Terminal in Monteverde, Santa Elena, Ecuador, regarding the question: 

 Do you consider that the institution has made calculations to know how profitable the photovoltaic systems are, since it is one of the short or long term 

goals? 

 
Alternative Frequency (F) Percentage (%) 

Always 7 70% 

Almost always 3 30% 

Almost never 0 0% 

Never 0 0% 

TOTAL 10 100% 

 

Source: The author (2022) data obtained from the application of the data collection instrument. 

 

Of the total number of respondents, 70% indicated that the institution always has the calculation of the profitability 

of the photovoltaic systems, 30% almost always, 0% almost never, and 0% for never. It is evident that most of the 

respondents selected the alternatives of always and almost always, therefore, it is deduced that the trained personnel of the 

institution has made the quantification of the profitability of the photovoltaic systems that can be installed and used to 

improve energy efficiency in the LPG Maritime Terminal in Monteverde, Santa Elena, Ecuador. 

To calculate how profitable photovoltaic systems are, several parameters are taken into account: installation price, 

annual savings, this last aspect includes elements such as the power generated by the photovoltaic system; the price of 

electricity; the cost of installation and tax incentives, among others. Prado, (2020) complements this information by indicating 

that an analysis of the components of the photovoltaic generation system and an energy study of the joint operation of such 

elements should be carried out. He also points out that different computational tools can be used for the simulation of the 

electric system to establish criteria for the techno-economic analysis that allows evaluating the costs involved to generate 

electric energy, and thus determine if the established electric structure reaches an optimal profitability. 
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Table 7. Frequency distribution of the respondents of the LPG maritime terminal in Monteverde, Santa Elena, Ecuador, regarding the question: 

Do you consider that the installation of a photovoltaic system is profitable in the maritime terminal? 

 

Alternative Frequency (F) Percentage (%) 

Always 7 70% 

Almost always 3 30% 

Almost never 0 0% 

Never 0 0% 

TOTAL 10 100% 

 

Source: The author (2022) data obtained from the application of the data collection instrument. 

 

Approximately 70% of the respondents indicated that the institution always has a calculation of the profitability of 

photovoltaic systems, 30% almost always, 0% almost never, and 0% never. It can be deduced that most of the participants 

consider possible the installation of photovoltaic technology to improve energy efficiency in the LPG Maritime Terminal in 

Monteverde, Santa Elena, Ecuador. 

Photovoltaic technology initially has a high capital investment cost Alonso et al, (2007), but represents multiple 

advantages that make it possible to recover the investment in the long term, associated with the fact that it represents a 

clean energy Alonso et al, (2007), which contributes to the protection of the environment. Also, Art. 31, paragraphs s) and t) 

of the Hydrocarbons Law obliges PetroEcuador, its contractors or associates in exploration and exploitation of hydrocarbons, 

refining, transportation and marketing, to conduct operations in accordance with the laws and regulations for environmental 

protection and safety of the country 

 

CONCLUSIONS 

 

The results indicate that it is possible to incorporate solar panels in the buildings and for the external lighting of the 

Santa Elena Maritime Terminal Pier, applying a gradual approach to the use of photovoltaic technology, since the conditions 

for such a task exist, that is, the country is rich in renewable resources, the solar radiation indexes are among the highest in 

the province of Santa Elena and there are personnel available for this purpose. 

In connection with the above, Ecuador is involved in a change of energy matrix that aims at energy efficiency, where 

renewable energies such as photovoltaic, due to their great potential in the territory, can play a leading role.  

There is also a legal obligation enshrined primarily in the Constitution of the Republic of Ecuador and other laws, 

regulations and decrees derived from it, to undertake actions aimed at conservation and environmental protection, this is 

binding for individuals, private and public institutions such as the Monteverde Maritime Terminal. Thus, it can be said that all 

that is needed is the will to execute the pertinent actions in favor of environmental and social responsibility. 
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