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ABSTRACT 

As energy demand rises and fossil fuel reserves become scarcer, energy planning is necessary 

in every country including Honduras. Chiefly, an energy planning that identifies the strength 

in decentralized energy systems in the national territory. The mapping and characterization 

of electricity consumption in Honduras, proposed in this investigation, is a significant step 

toward the goal of creating instruments that increase energy planning. The cartographic tool 

created provides relevant information of the behavior of the demand and the sectors that 

consume the most in each one of the 259 municipalities studied (only in 259 municipalities 

the electricity consumption data was accessible by the author from a total of 298 

municipalities in Honduras). Through Tableau, a data visualization software, an interactive 

tool containing a choropleth map of Honduras based on electricity consumption filtered by 

department and municipality is achieved, allowing a greater level of disaggregation for this 

data. Through Excel, a univariable analysis to understand the relationship between 10 

sociodemographic variables and electricity consumption is done. Through RStudio, which is 

an integrated development environment for the R programming language, dedicated to 

statistical computing and graphics, the sociodemographic variables that are significant for 

the electricity consumption in each municipality are described. In Honduras only 18 

municipalities from the total of 259 municipalities studied consumed 80% of the electrical 

energy, i.e., in Honduras this resource is distributed unequally in the national territory. These 

results are valuable information for the governmental and municipal decision-makers that 

should implement procedures through public policies and regulations to evenly share the 

use of electricity throughout the nation and encourage the decentralization of electrical 

generation, installing on grid micro power plants near the municipalities with the highest 

electrical consumption or strategical located municipalities where this resource will improve 

the human and economic development for the population. 

Keywords: energy planning, decentralized energy systems, demand forecast model, 

geospatial-data integration, human development index. 
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RESUMEN 

A medida que aumenta la demanda de energía y escasean las reservas de combustibles 

fósiles, la planificación energética es necesaria en todos los países, incluido Honduras. 

Principalmente, una planificación energética que identifique la fortaleza de los sistemas 

energéticos descentralizados en el territorio nacional. El mapeo y caracterización del 

consumo eléctrico en Honduras, propuesto en esta investigación, es un paso significativo 

hacia la meta de crear instrumentos que incrementen la planificación energética. La 

herramienta cartográfica creada brinda información relevante del comportamiento de la 

demanda y los sectores que más consumen en cada uno de los 259 municipios estudiados 

(solo en 259 municipios los datos de consumo eléctrico fueron accesibles por el autor de un 

total de 298 municipios en Honduras). A través de Tableau, un software de visualización de 

datos, se logra una herramienta interactiva que contiene un mapa coroplético de Honduras 

basado en el consumo eléctrico filtrado por departamento y municipio, lo que permite un 

mayor nivel de desagregación de estos datos. A través de Excel, se realiza un análisis 

univariable para entender la relación entre 10 variables sociodemográficas y el consumo 

eléctrico. A través de RStudio, que es un entorno de desarrollo integrado para el lenguaje 

de programación R, dedicado a la computación estadística y gráficos, se describen las 

variables sociodemográficas que son significativas para el consumo de energía eléctrica en 

cada municipio. En Honduras solo 18 municipios del total de 259 municipios estudiados 

consumen el 80% de la energía eléctrica, es decir que en Honduras este recurso se distribuye 

de manera desigual en el territorio nacional. Estos resultados son información valiosa para 

los decisores gubernamentales y municipales que deben implementar procedimientos a 

través de políticas públicas y normativas para repartir equitativamente el uso de la energía 

eléctrica en todo el territorio nacional e incentivar la descentralización de la generación 

eléctrica, instalando en la red micro centrales cerca de los municipios con los de mayor 

consumo eléctrico o municipios ubicados estratégicamente donde este recurso mejorará el 

desarrollo humano y económico para la población. 
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I. INTRODUCTION 

 The integration of planning into the energy system of a country is a matter of vital 

importance to aspire for a sustainable future. OLADE (2017) distinguishes three energy 

plannning tools that help in this process: economic and energy information systems, energy 

prospective studies including conditions in an economic and social context at national and 

international levels, and models used for planning in the global and sub-sectorial energy 

levels. Based in these three tools, the mapping of electricity consumption in Honduras could 

be a significant step toward the goal of creating economic and energy information systems.  

 However, when studying the electricity consumption geographically in Honduras the 

disaggregation level reaches only a division of the country in three main regions using the 

nation's most recent information (2020). This disaggregation level does not allow to explore 

the electricity consumption by each one of the 18 departments in Honduras or to a more 

disaggregated state, by each one of the 298 municipalities in which Honduras is divided. The 

actual disaggregation level also precludes the study of the social and economic variables 

that have incidence in the electricity consumption behavior because the municipalities in the 

each one of the three regions do not share the same socioeconomical characteristics. A 

municipal disaggregation is important because access to electrical consumption information 

at this level empowers decision-makers such as municipal mayors to track the electrical 

demand as a step to start the process of energy planning. An energy planning that should 

focus on decentralized systems based on local energy sources which diversifies the resources 

and increases the self-sufficiency of a region. (Quintero P. , 2008). 

 Involving the mapping of electricity demand, many authors have studied the 

importance of mapping the demand, in United States of America a tool was develop by 

Saxum (2012) to understand the consumption in 13 regions of the country and in Latin 

America, Reza Torres (2015) mapped the consumption of electricity in the state of Jalisco in 

México and studied through a linear multiple regression a model of electricity consumption 

based on 31 independent sociodemographic variables through Minitab. In Honduras, where 
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this study takes place, (W. C. Flores et al, 2021)  created a tool that tracks the  electricity 

consumption of the country year by year at national level.  

 Many authors have studied the relation between human development and electricity 

consumption; Reza Torres (2015) did it throught the regression model mentioned in the last 

paragraph, Mazur (2011) studied life expectancy with respect to energy and electricity 

consumption concluding that these two variables are essential for improving the wellbeing 

of people in less developed nations. Others have directly studied the Human Delopment 

Index (HDI) wich represents the life expectancy index, GDP index and education index of a 

nation. Arto et al (2016) studied the relationship between total primary energy demand and 

HDI whereas Leung & Meisen (2005) studied the relationship between electricity demand 

and HDI in medium and low HDI countries, concluding that a logarithmic relationship exist 

in both cases. Mohamed, Z., & Bodger, P (2005) related electricity consumption to 

sociodemographic variables like Gross Domestic Product, Population and Electricity Prices 

concluding that this three variables were significant for the model. In the United States of 

America, Haerer et al (2015) studied the relationship between employment and the energy 

sector, concluding that significant changes in employment occurred in industry sectors that 

support the operation and management activities of U.S. electric power industry.  

 Like the previously mentioned studies, this thesis also proposes the mapping of the 

electricity consumption in the national territory and evaluates the relationship between 

sociodemographic and economic variables with respect to electricity consumption, with the 

novelty that this study will be based in Honduras and will be considering the consumption 

of each one of the municipalities (259 municipalities where data was available) in the 

territory. 

 In this thesis, the data will be transformed using Tableau into a cartographic 

interactive tool that the public can access online. An univariable analysis will be carried out 

using Excel to examine the relations between each of the 10 sociodemographic variables per 

municipality into the model. Finally, using R, a multiple regression model is created to 

identify the variables that are significant to forecast the demand of electricity. 
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 This document is structured as follows. In the second chapter “Problem Identification” 

the problem to be solved is explained. In the third chapter “Theorical Framework” the base 

theory to understand the actual work is indicated. In the fourth chapter “Methodology” the 

steps to obtain the results are described. In the fifth chapter “Results” the outcomes of this 

investigation are presented and discussed. In the next chapters, the conclusions, 

recommendations, and applicability of this research are described. Finally, the references and 

annexes are found in the last two chapters. 
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II.   PROBLEM IDENTIFICATION  

In the current chapter, the research problem identification is presented, providing a 

context about its precedents, its definition and how this study helps to solve it. 

Simultaneously, the research questions and the general and specific objectives that support 

these questions will be established.  

2.1 PRECEDENTS OF THE PROBLEM 

 In the study of electrical systems, it is crucial to understand the behavior of the 

demand. In Honduras the per capita consumption of electrical energy per day is 1.9 kWh 

(Dirección General de Eléctricidad y Mercados, 2019), representing in a year a consumption 

of 693.96 kWh in a year per Honduran.  

 With the purpose of disaggregation of electrical demand in recent studies of the 

National Electric Power Company (ENEE by its acronym in Spanish: Empresa Nacional de 

Energía Eléctrica), the territory has been divided into three specific regions which are the 

Northwestern Region, the Atlantic Littoral Region, and the Central-South Region. 

  There are certain restrictions for this regions, for instance, Gracias a Dios, department 

of Honduras, is not considered in this division, due to the lack of electrical coverage by the 

National Interconnected System (SIN by its acronym in Spanish: Sistema Interconectado 

Nacional) it is reported that 69% of coverage in the department comes from off-grid systems 

(Empresa Nacional de Energía Eléctrica, 2019). Yoro, another department in the territory, 

takes part in two of the three regions mentioned, but it is unknown by which percentages. 
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Figure 1: Geographic location of electrical demand regions in Honduras 

Source: Own elaboration based on information of (Operador del Sistema, 2022) 

 The region with the most of electrical energy consumption in the last years (2007-

2020) is the Northwestern Region, being accountable of 50% of the consumption in 

Honduras by 2020. The second region, the Central- South does not vary that much in 

comparison with Northwestern, being responsible for 40% of consumption by 2020. In the 

Atlantic Littoral Region, the consumption varies between 9% and 10% through the lapse of 

time from 2017 to 2020. (Operador del Sistema, 2022). 
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Figure 2: Percentage of electrical consumption by regions in Honduras 

Source: Own elaboration based on information from  (Operador del Sistema, 2022) 

 The electrical consumption or demand of a country is not a just a technical term, it 

can be related with social and economic variables such as growth domestic product (known 

by its acronym GDP).  

Regarding the relationship between real GDP and energy consumption, these 

findings show that for all countries, GDP has a positive effect on energy consumption. 

In the cases of Colombia and Venezuela, a 1% increase in real GDP increases energy 

consumption by 0.82%. (Jacobo Campo, 2013, pág. 248) 

 In Central America, comparing the GDP and the electrical consumption of some 

countries, it is notorious to conclude that they are directly proportional. It is recognizable 

that economic growth can be positively affected by the consumption of electricity. 

 

Figure 3:  Relationship between energy consumption and GDP per capita in Central 

America 

Source: Own elaboration based on information of (World Bank Open Data, 2020) 

 Another important variable that is highly affected by electricity consumption and is 

related to social variables such as life expectancy, education, and per capita income 

indicators is Human Development Index (known by its acronym HDI).  
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Figure 4: Relationship between Human Development Index and Electricity Use (2014) 

for thirty Countries including Honduras 

Source: Own Elaboration based on information from (World Bank Open Data, 2020) 

 Pasternak (2000) describes the relationship between these two parameters: “In this 

correlation, HDI reaches a maximum value when electricity consumption is about 4,000 kWh 

per person per year, well below consumption levels for most developed countries but also 

well above the level for developing countries” 

 Which is true for the scatterplot above, given that Honduras en Costa Rica are below 

the 4,000 kWh per person per year asymptote as well as countries like Norway and Iceland 

are well above this value. 

 Zooming in to understand better the Central America situation, the following graph 

illustrates the relationship of these variables in the region, where the size of the circle is 

representative of the population.  
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Figure 5: Relationship of HDI and Electricity Consumption per capita by population in 

Central America 

Source: Own elaboration based on information of (World Bank Open Data, 2020) 

 

2.2 DEFINITION OF THE PROBLEM 

 The demand of electricity and its growth rate is considered to plan the expansion of 

the transmission network and generation plants that will be a need in the country in the 

future ten years. However, the location of the demand is not a variable considered; besides, 

there is no geographical tool that locates the demand in each department and municipality 

(this information is just available by the regions mentioned in the previous section).  

 To create a geographical tool with the purpose to indicate the location and focus of 

demand in the Honduran territory is an opportunity to establish an information system for 

academia, industry, and the general population. Also, an invite for the distribution energy 

company (EEH by its acronym in Spanish: Empresa Energía Honduras) and operator 

(previously called ODS by its acronym in Spanish: Operador del Sistema, now called CND by 

its acronym in Spanish: Centro de Despacho Nacional) to start considering distributed 

generation close to demand, instead of planning for centralized generation with 

conventional fuels and renewable plants with a high environmental impact. 
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 Distributed Generation (DG) systems can support the reduction of losses in the distribution 

network since DG systems are placed near to the load and improvement of the voltage in 

the network due to the reduction in reactive power loss. (K. Balamurugana, 2011). 

2.3 JUSTIFICATION  

The importance of a geographical tool that locates the demand relies on the fact that 

in Honduras the actual electrical coverage is 85.02% and the losses in the distribution 

network are approximately 31.6% of the energy generated (Pineda, 2022). The conditions of 

the actual electrical system are at risk with a debt of 66,088.10 million of lempiras (407, 

256.30 USD; as for 2022: 1 USD = 24.55 HNL) from the statal company ENEE. 

 Despite this precarious scenario, the Honduran electricity subsector counts with 

installed capacity as distributed generation and the majority in the residential sector is 

photovoltaic technology.  Unfortunately, the users that have elected to install these systems 

are still waiting for the payment of their electricity injection to the network (feed-in tariff). 

This is because in 2007 in Honduras, through decree 404-2013 in the “Ley General de la 

Industria Eléctrica” it was declared that the distribution companies are forced to buy the 

excess of energy from renewable sources generated by residential and commercial users 

which is injected back into the network, crediting them with the values in monthly billing. 

However, the decree has not been respected, and if the declaration becomes true, it will 

improve the opportunities of distributed generation and with the demand’s location, the 

installation of the photovoltaic systems or others technology of conversion at small scale will 

increase in each municipality. 

 It is stated that “Una generación dispersa y basada en las fuentes energéticas locales, 

diversifica los recursos y aumenta la autosuficiencia de una región” [A dispersed generation 

based on local energy sources, diversifies the resources, and increases the self-sufficiency of 

a region] (Quintero J. P., 2008) 

 Improving the Hondurans’ life quality by having greater ease of access to electricity 

and improvement of socioeconomical level are objectives that could be accomplished 
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focusing the distributed generation near the demand with the help of the geographical tool 

developed through this investigation. 

With this geospatial information tool, a greater municipal autonomy could be reach, the 

information of electricity consumption will be public and the decision-makers at municipal 

level could make judgments based on this information.  

2.4 RESEARCH QUESTIONS 

• Which departments and municipalities of Honduras have greater consumption of 

electricity in a month? 

• Which sociodemographic and economic variables seem to have a high impact in the 

consumption of electricity in Honduras’ municipalities? 

• What is the per capita consumption of energy for each municipality in Honduras in a 

month? 

• What is the electrical consumption per area for each municipality in Honduras in a 

month? 

2.5 OBJECTIVES OF THE PROJECT  

In this section, the general objective of the research is presented, together with the 

specific objectives that are sought to be fulfilled. 

2.5.1 GENERAL OBJECTIVE 

 To develop a geographical tool to map the electricity demand of each department 

and municipality in Honduras with the purpose of analysis of electrical consumption and to 

supply a pioneering tool of planification in expansion and generation by location of demand. 

2.5.2 SPECIFIC OBJECTIVES 

1. Show by a Pareto diagram which of the municipalities of Honduras are the main 

consumers of electricity per capita by March 2022 

2. Study electricity consumption at departmental level and the percentages that each 

municipality represents in the total departmental consumption by March 2022. 
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3. Provide an interactive cartographic tool in Tableau to track monthly electrical 

consumption in each of the 298 municipalities by March 2022. 

4. Determine the sociodemographic and economic variables which electrical 

consumption depends on by a linear regression model with multiple input variables. 

5. Determine which economical activities have higher impact in the total consumption 

of electricity in the commercial and industrial sector of electricity consumption by 

March 2022. 
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Figure 6: Investigation process diagram of this thesis 

Source: Own elaboration
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III. THEORETICAL FRAMEWORK 

In this chapter, theories that sustain the actual work will be explained with the purpose of 

demonstrating the reader that this thesis is based on well-established ideas from academia. 

3.1 ENERGY PLANNING  

 Energy planning can be defined as the governmental action of creating long term 

policies to manage and regulate the national energy system (Bhatia, 2014). While this 

process is guided by the government, it is necessary the addition of experts in the energy 

sector such as large and micro energy generators and academia. This last-mentioned actor 

has the task of analyzing data and providing results (based on the scientific method) that 

should be consider by decision-makers. 

“In energy planning, the principal emphasis is on the detailed and disaggregate 

analysis of the energy sector, with due regard for the main interactions within the 

sector itself, as well as the rest of the economy” (Munasinghe, 1990, pg. 19). 

 

 

Source: (OLADE, 2017) [OLADE by its Spanish acronym Organización Latinoamericana de 

Energía]. 

Figure 7: Stages in Energy Planning 
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3.2 ENERGY PLANNING TOOLS 

 In  (OLADE, 2017) various energy planning tools are mentioned: 

• Economic and energy information systems. 

• Energy prospective studies including conditions in an economic and social context 

at national and international levels. 

• Models used for planning in the global and sub-sectorial energy levels. 

3.2.1 ENERGY PLANNING TOOLS IN HONDURAS 

 Considering the tools mentioned in the section 3.2, it is essential to recognize which 

of these are propelling the advance of energy planning in the national territory. 

 As economic and energy information systems, Honduras counts with multiple 

information sources: 

a) Instituto Nacional de Estadística (INE) 

 On behalf of sociodemographic and economic matters the principal entity 

responsible is the National Institute of Statistics (INE by its Spanish acronym Instituto 

Nacional de Estadísitica). Nowadays the INE counts with sociodemographic and economic 

documents per municipality only for the years of 2013 and 2018, resulting in an outdated 

database. 

b) Secretaría de Gobernación, Justicia y Descentralización (SGJD) 

 Fortuitously by 2017, surges the Ministry of the Interior, Justice, and Decentralization 

(SGJD by its Spanish acronym Secretaría de Gobernación, Justicia y Descentralización) with 

the initiative to create the municipality categorization, a database and data visualization tool 

of public access in Tableau (Secretaría de Gobernación, Justicia y Descentralización, 2020) 

for a range of years from 1992 to 2020 in which social and economic data for every 

municipality is recollected and shared geographically. 
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c)  Balance Energético Nacional (BEN) 

 In aid of the necessity of energy information systems in Honduras, the document 

“National Energy Balance” (BEN by its Spanish acronym Balance Energético Nacional) is for 

the first time redacted by the Ministry of Energy in 2017 as a pioneering tool of energy 

planning. Since the first publication in 2017, the BEN has been annually published until 2020. 

d) Sistema de Información Energética de Honduras  

 In the BEN 2020, an information system created by the OLADE is highlighted. OLADE created 

Sie Honduras (by its Spanish acronym Sistema de Información Energética) with the purpose 

of making simple the access to data and energy statistics for the period of 2010 to 2020. 

e) Energy Observatory of Honduras 

 One of the most recently created tools of energy information is the Energy 

Observatory of Honduras, created by the initiative of the academia in the Engineering Faculty 

of the Universidad Tecnológica Centroamericana (UNITEC), with the purpose of planning and 

monitoring generation and demand at a national level (Flores, 2021).  Energy generated per 

technology, national electricity demand, energy prices, electrical coverage and energy losses 

are main characteristics to be visualized in the observatory. 

 For models used in planning in the global and sub-sectorial energy levels, in 

Honduras certain models are used for energy generation and demand forecasting: 

f) Forecast of energy generation in Honduras 

 The electrical subsector counts with an actual long-term plan spanning from 2022 to 

2031, redacted by the operator of the electrical system. 

The system Operator in Honduras utilizes a computational tool for generation expansion 

planning and regional interconnections called Opt Gen, in specific the model of Stochastic 

Hydrothermal Dispatch with network restrictions (SDDP) which allows to calculate the 

operating and production costs of the generation plants. The model also understands the 

actual technical restrictions and the actual scenario of the energy matrix. As an output, the 

model brings a response: the forecast of technic and economical dispatch in Honduras.  
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 For the electrical subsector planning, Time Series Lab (TSL) is crucial to understand 

the behavior of renewable intermittent resources. The TSL was created by PSR Energy 

Consulting and Analytics (that is also the company responsible for SDDP and OptGen). TSL 

is applied to model the energy shedding of the non-conventional renewable technologies 

in the energy matrix, for instance, solar and wind energy.  

 In (Operador del Sistema, 2022) is mentioned the software (OptGen, SDDP and TSL) 

is fed by five main variables: 

• Forecast of electrical demand (focus of this thesis) 

• Details of the generator’s operation and its future modifications 

• Details of projects in development of generic type 

• Technical characteristics of the system 

• Required economic parameters 

g) Forecast of electrical demand in Honduras 

 Actual forecasting of national electricity consumption in Honduras depends on 

independent variables such as Gross Domestic Product (GDP), energy prices, growth in the 

number of users, industrial added value, and the price of industrial machinery ( Empresa 

Nacional de Energía Eléctrica, 2020).  

 The methodology selected to forecast the demand of each energy consumption 

sector is based on trend techniques, econometric analysis, double logarithmic regression, 

and expert judgment.   

In Honduras, the projection of demand is carried out by sectors which are: 

1. Residential 

2. Commercial 

3. Industrial: divided by ENEE into moderate and large industries. 

4. Autonomous 

5. Government 
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6. Municipal 

7. Community service 

 The last four sectors (4,5,6 and 7) are grouped by ENEE into a larger sector called 

“Other Consumers” due to the small consumption they individually represent. 

In the following table the methodology and independent variables necessary for each sector 

are indicated:  

Table 1: Forecasting methodology of electricity demand by sector 

Sector  Methodology Independent Variables  Dependent 

Variable  

Residential  Econometric Hybrid Model  Number of subscribers [-] Annual 

demand 

growth rate 

[%] 

Price of electricity and kerosene as a 

substitute [$] 

Gross Domestic Product (GDP) [$] 

Elasticity of electrical demand [-] 

Commercial  Trend model and expert 

judgment  

- Annual 

demand 

growth rate 

[%] 

Industrial 

(Moderate) 

Econometric Hybrid Model  Industrial Aggregated Value (VAI) Annual 

demand 

growth rate 

[%] 

Price of electricity [$] 

Price of machinery [$] 

Double log autoregressive 

model 

Industrial Aggregated Value (VAI) Annual 

demand 

growth rate 

[%] 

Price of electricity [$] 

Price of substitution [$] 

Electrical Consumption [MWh] 
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Source: Own elaboration based on information of ( Empresa Nacional de Energía Eléctrica, 

2020) 

 There are three main disadvantages of electrical demand planning in Honduras: 

1. The methodologies are not accessible to academia or the general population. 

2. The demand is projected at the national level and best-case scenario electrical 

consumption by regions is studied but not considered in planning. There is a need 

for data disaggregation. 

3. Consequently, the information is centralized at a governmental level and does not 

provide space for autonomous municipal development and energy planning in 

Honduras. 

Industrial 

(Large) 

Interviews through the 

application of the Annual 

Technical Survey to Large 

Consumers 

Expansion plans in term of five years  Annual 

demand 

growth rate 

[%] 

Other 

Consumers 

Double log autoregressive 

model 

- Annual 

demand 

growth rate 

[%] 

Trend model  - 
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3.3 FORECAST OF ELECTRICITY DEMAND MODEL 

 According to Esteves et al (2015) the models utilized electricity demand forecasting 

are: 

 

 

Figure 8: Forecasting Model Type in academic theses 

Source: Own elaboration based on information from (Esteves et al, 2015)   

 It is known for a fact that statistical methods stand as the most studied model 

representing 59.3% of the methodologies utilized and 67.3% of the cited articles (Esteves et 

al, 2015).  From statistical methods, the long-term forecasts with high level of utilization are 

Regression (30.3%) and Econometric (30.3%) methodologies. 

 Walpole et al (2012) defines regression analysis as : “Finding the best relationship 

between y and x, quantifying the strength of that relationship, and using methods that allow 

for prediction of the response values given values of the regressor x” (p. 389). 

 Where: 

▪ 𝑦  is known as a dependent variable or response  
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▪ 𝑥 is an independet variable or a so called regressor in statistics 

3.3.1 UNIVARIABLE LINEAR REGRESSION  

 The most ordinary type of regression model is linear regression, through the 

utilization of this model is possible to create a function (y) that depends on a unique 

regressor (x). Due this last characteristic of the regressor the linear regression is also called 

an univariable regression model.  

yi = β0 + β1 ∙ x 

Equation 1: Linear regression function 

Source: (Walpole et al, 2012) 

Where: 

▪ 𝑥 is the independent variable 

▪ 𝑦 is the dependent variable 

▪ 𝛽0  is the intercept of the regression model 

▪ 𝛽1 is the slope coefficient of the independent variable 

 In an univariable regression model is also natural to find a component β0, which is 

described as an intercept in the dependent variable axis (y) (Walpole et al, 2012). When β0 is 

zero the function intercepts the origin of the graph. Graphically, is evident that the 

component β0 represents an upward or downward movement along the y-axis for the linear 

function as shown in the following graph. 
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Figure 9: Evaluation of distinct values of interception in the y-axis (β0) 

Source: Own elaboration  

 Other important value is β1 in equation 1, which is the slope of the linear function 

which defines the ratio between change in the dependent variable (∆y) and change in the 

independent variable (∆x). 

 

Figure 10: Evaluation of distinct values of slope (β1) 

Source: Own elaboration  
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 The coefficients β0 and β1 are to be determined with the objective of reducing the 

error between the projected function (�̂�𝑖) and the real value of the response (𝑦𝑖) for every 

regressor (𝑥𝑖) where 𝑖 has its limit in n, being n the number of pairs (𝑥𝑖 , 𝑦𝑖) available in the 

data given to train the regression model. (Ng, 2012) 

 For this to be achieved is necessary to find a linear function where the mean squared 

error (MSE) is at its minimum therefore minimizing the error (𝑦𝑖 − �̂�𝑖) for every i.  

MSE =
1

n
∑(yi − ŷi)

2

n

i=1

 

Equation 2: Definition of Mean Squared Error 

Source : (Walpole et al, 2012) 

Where: 

▪ 𝑦𝑖   is the real dependent variable 

▪ �̂�𝑖   is the predicted dependent variable 

▪ 𝑛 is the number of samples 

 

Figure 11: Graphical intuition of minimizing MSE 



40 

 

Source: Own elaboration  

 To build intuition in what it means to minimize the MSE, the graph above explains:  

 In (1) data recollected has been graphed, this data is usually called training set. 

Training set can be defined information that helps train the regression model. Also, a 

function is proposed (ŷ) where �̂� = 𝑥 , but it doesn’t seem to be the best fitted linear function 

for the data because the difference between where �̂� and y is notable for every 𝑖.  

By trial and error, in scenario (2) another regression model is proposed where �̂� = 2 ∙ 𝑥 (β0 = 

0 and β1= 2), it is undoubtedly a better approach but not the best fitted linear function yet. 

 In scenario (3) where �̂� = 3 ∙ 𝑥 + 15 (β0=15 and β1=3) most of the data seems to be 

fitted in the linear function but there are still notable differences between ŷ and y for the rest 

of the data that doesn’t allow MSE to be minimize.  

Scenario (4) succeeds, after infinitely trials, the best fitted function is revealed, in this scenario 

the coefficients for β0 and β1 are 15.027 and 2.4924 respectively.  

 To obtain the function more immediately and without the need for infinite tests, 

various software (Excel, Minitab or R) performs this calculation immediately. Technologies 

such as machine learning with algorithms such as gradient descent are also able to predict 

a linear regression model.  

Fumo et al (2015) introduces the utilization of univariable regression analysis to predict the 

energy consumption of a building based on climatological data in the site. Also utilizes 

multiple linear regression analysis to forecast energy consumption and concludes in the 

aggregation of the more independent variables in the study (in this case in particular drybulb 

temperature and solar radiation) improves the quality of the model. 

3.3.2 MULTIPLE LINEAR REGRESSION  

It is described that a multiple linear regression is necessary once the variable (𝑦) doesn’t 

depend just in one independent variable, but two or more.  
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Due to the aggregation of more independent variables, the coefficients now cannot be just  

𝛽0 and 𝛽1 as they were in Univariable Lineal Regression. The coefficients, except 𝛽0,  depend 

on the number of independent variables and are equal in number. This quantity of 

independent variables is known as 𝑚. 

 

yi = β0 + β1 ∙ xi1 + β2 ∙ xi2+. . . . β𝑚 ∙ xnm 

Equation 3: Multiple Linear Regression function 

Source: (Walpole et al, 2012) 

Where: 

▪ 𝑦𝑖   is the dependent variable. 

▪ 𝑥𝑖𝑗   is the independent variable for the sample i and the feature j. 

▪ 𝛽𝑗 is the coefficient factor for each independent variable. 

▪ 𝑛 is the total number of samples. 

▪ 𝑚 is the total number of features or independent variables. 

Usually, in multiple linear regression linear algebra is used, to reduce various values of a 

variable into a vector. Where the dot product between the vector of x and the vector of beta 

leads to obtain a scalar as the dependent variable. 

Y =  β0 + β⃗ ∙ 𝑋   

Equation 4: Multiple Liner Regression function represented by vectors 

Source: (Ng, 2012) 

Where: 

▪ 𝑌  is the dependent variable. 

▪ 𝑋   is the vector that contains all independent variables. 

▪ β⃗  is the vector that contains all slope coefficients. 

▪ 𝛽0 is the intercept. 
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β⃗ = [β1, β2, β3, . . . βn] 

𝑋 = [x1, x2, x3, . . . xn] 

Equation 5: Definition of vectors 

Source: (Ng, 2012) 

Torres  (2015) describes that multiple regression methodology applied to the consumption 

of electrical energy explores the relation of demographic independent variables with the 

dependent variable. Performing multiple linear regression model, attributes that influence 

consumption that are not obvious could be identified or attributes that seem to be highly 

correlated with electrical consumption could be proven to have zero influence. 

3.3.3 NON-LINEAR REGRESSION 

Data is modeled by a nonlinear function when the parameters are in a nonlinear combination 

and the independent value depends on one or more independent variables, for instance a 

nonlinear model is an exponential function. 

Table 2: Comparison between linear and non-linear functions 

Non-Linear Function  Linear Function  

ŷ = A ∙ β0
x
 �̂� =  𝛽

0
+ 𝛽

1
∙ 𝑥1

1 + 𝛽
2
∙ 𝑥2

3 + ⋯𝛽
2
∙ 𝑥𝑝

𝑟  

Source: Own elaboration based on information from (Walpole et al, 2012) 

“Confusion arises occasionally when we speak of a polynomial model as a linear 

model. However, statisticians normally refer to a linear model as one in which the 

parameters occur linearly, regardless of how the independent variables enter the 

model” (Walpole et al, 2012) 

The applicability of this type of regression model in electricity demand forecasting has been 

studied, in Moral-Carcedo et al (2005) the relation between electricity demand and 

temperature is clearly nonlinear, both increase and decrease in temperature signifies a high 

consumption of energy. 
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3.3.4 QUANTILE REGRESSION 

 Quantile regression is often used to model specific conditional quantiles of the response 

(y), is described as a semi parametric model in which there is no prior hypothesis of the 

relation between independent value and dependent values  

Quantile regression estimates the conditional median contrary as linear regression that uses 

the method of least squares finding the conditional mean. (Dye, 2020) 

 

Figure 12: Data fitted with quantile regression 

Source: (Dye, 2020) 

The regression model for quantile level 𝜏 of the response is described as: 

𝑄𝜏(𝑦𝑖) = 𝛽0(𝜏) + 𝛽1(𝜏) ∙ 𝑥𝑖1 + 𝛽2(𝜏) ∙ 𝑥𝑖2+. . . . 𝛽𝑚(𝜏) ∙ 𝑥𝑛𝑚 

Equation 6: Quantile regression function 

Source: (Rodriguez , Yao, & SAS Institute Inc, 2017) 

Where: 

▪ 𝑄𝜏(𝑦𝑖) is the response or dependent variable in the specific quantile. 

▪ 𝜏  is the quantile level. 

▪ 𝑥𝑖𝑗   is the independent variable for the sample i and the feature j. 
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▪ 𝛽𝑗(𝜏) is the coefficient factor for each independent variable in the specific quantile 

level. 

▪ 𝑛 is the total number of samples. 

▪ 𝑚 is the total number of features or independent variables 

Where instead of minimizing the mean squared error as it was described for linear regression 

in section 3.3.1, the function to minimize is the median absolute deviation (MAD). 

𝑀𝐴𝐷 =
1

𝑛
 ∑𝜌𝜏 (𝑦𝑖−𝛽0(𝜏) − ∑𝑥𝑖𝑗 ∙ 𝛽𝑗(𝜏)

𝑚

𝑗=1

)

𝑛

𝑖=1

 

 

 𝑚𝑖𝑛 𝛽0(𝜏)…𝛽𝑝(𝜏)in MAD 

 

Equation 7: Definition of median absolute deviation 

Source: (Rodriguez , Yao, & SAS Institute Inc, 2017) and (Dye, 2020) 

Where: 

▪ 𝑦𝑖   is the real dependent variable. 

▪ 𝛽0(𝜏)  is the intercept at a specific quantile level. 

▪ 𝛽𝑗 (𝜏)  is the coefficient factor for each independent variable at a specific quantile 

level. 

▪ 𝑥𝑖𝑗   is the independent variable for the sample i and the feature j. 

▪ 𝑛 is the total number of samples. 

▪ 𝑚 is the total number of features or independent variables. 

▪ 𝜌𝜏 is the check loss. 

Medina (2011) carried out an investigation where the  electrical demand in Spaniards 

households is foreseen, requiring the use of quantile regression comparing it to the method 

of least squares.  
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3.4 TYPES OF GENERATION SYSTEM STRUCTURES 

According to Vezzoli (2018) there are three types of generation system structures: 

1. Centralised energy systems  have great capacity installed and are far from the point 

of use or consumers. 

2. Decentralized energy systems represent small-scale energy generation units that 

provide electrical energy to local customer, due to this fact the distribution network 

is not large. These structures can be connected to each other to share resources such 

as energy surplus. 

3. Distributed energy systems also represent a small-scale energy generation, but 

unlike decentralized energy systems, in distributed generation systems the users are 

the producers. 

 Generally, Distributed Generation (DG) is defined as the installation and operation of 

an electrical power generation unit connected to the costumer side of the meter (or the 

distribution network). The capacity in this generation units can vary between 1 W to 300 

MW, suggesting that capacity of a generator does not have an impact in whether is 

considered DG or not DG.  Distributed Generation can utilize renewable and not renewable 

resources (Ackermann, 2001). 

  
 

 a. Centralized energy systems  b. Decentralized energy systems c. Distributed energy systems 

Figure 13: Comparison of energy system structures 

Source: Adapted from (Vezzoli, 2018) 
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 The concept of energy flow being unidirectional has been modified with distributed 

generation which results in the modification of the electrical system itself including the 

improvement of distribution lines and installment of technical safety equipment to ensure a 

constant and secure power supply. 

   Although in many countries there is already the necessary regulation that promotes 

the use of cogeneration technologies and renewable distributed generation, there are still 

many social, economic, and technological barriers to be crushed to advance in the 

implementation. ( Santamaria et al , 2014) 

 In Santamaría et al (2016) a method for assessing the status of distributed generation 

in a country called Distributed Generation Legislation Index (DGLI) is developed considering 

five aspects:  

• Liberalized electricity market (A1)  

• Net metering—net billing (A2) 

• Renewable energy programs (A3)  

• Reduction of import duties for clean technologies and tax incentives for renewable 

energy resources (A4)  

• DG operation and lack of tolls for use of grids (A5) 

 

 

𝐷𝐺𝐿𝐼 = 𝑝1 ∙ 𝐴1 + 𝑝2 ∙ 𝐴2 + 𝑝3 ∙ 𝐴3 + 𝑝4 ∙ 𝐴4 + 𝑝5 ∙ 𝐴5 

 

Equation 8: Definition of Distributed Generation Legislation Index 

Source: (Santamaría et al, 2016) 

The aspects (𝐴1, 𝐴2, 𝐴3, 𝐴4, 𝐴5)   are allowed to be 1 or 0 values, 1 for the affirmative case of 

the aspect and o for the negative case of the aspect. This equation links the aspects 

mentioned with the DGLI with the use of a parameter 𝑝, where:  
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𝑝 = 𝑝1 = 𝑝2 = 𝑝3 = 𝑝4 = 𝑝5 = 20 

Equation 9: Definition of parameters p 

Source: (Santamaría et al, 2016) 

 

Figure 14: Evaluation of regulatory aspects for the promotion of DG in Latin America 

and the Caribbean 

Source: (Santamaría et al, 2016) 

3.4.1 DISTRIBUTED GENERATION IN HONDURAS 

 Honduras’ Distributed Generation Legislation Index (DGLI) is 80 out of 100, this 

indicates a high support of governmental authorities to impulse distributed generation in 

Honduras, the only aspect missing is the opportunity of grid usage without economical 

repercussion as noted in Figure 14. Showing a high performance of DGLI, Honduras seems 

to have everything in its favor for the greater penetration of distributed generation; however, 

although the regulation has been published, many of the laws that promote self-
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consumption are not complied, the energy injected into the distribution lines is not paid at 

residential and commercial levels. 

 Distributed Generation is defined differently in Honduras from the general definition 

of the term. Nationally DG is defined as those energy generation plants connected to the 

distribution network in specific at 34.5 kilovolts voltage level distribution.   

 Based on the prior definition, in 2010, 16% of the energy generated in Honduras was 

recognized to proceed from distributed generation, but only 9% of this distributed 

generation comes from renewable sources, 4% represented by minor hydroelectric and 5% 

by biomass. (Figueroa Rivera, 2012) 

 

Figure 15: Participation of DG sources in the electricity subsector in Honduras 2010 

Source: Own elaboration based on information from (Figueroa Rivera, 2012) 
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IV. METHODOLOGY 

The methodology is the collection of logical steps taken to accomplish the general objective 

and specific objectives that steers a research study. 

4.1 APPROACH 

The approach of this investigation is mixed, it is considered quantitative since the data will 

be analyzed statistically and the correlation between dependent and independent variables 

will be achieved through regression analysis. It is considered qualitative because to analyze 

the results, interpretive richness is achieved thanks to this approach. 

It is intended to design a cartographic tool in Tableau where monthly electricity consumption 

is identified per municipality as well as other electricity related data such as electrical 

consumption per capita, electricity consumption per subscriber and electricity consumption 

per square meter. It is also expected to analyze the relationship (or lack of association) 

between sociodemographic data and electrical consumption data for each municipality 

through a linear regression model.  

 

4.2 RESEARCH VARIABLES 

4.2.1 INDEPENDENT VARIABLES 

Independent variables for this research were selected to explore the influence that 

socioeconomic and sociodemographic data has on electricity consumption in Honduras. Ten 

variables were selected, if one is discarded due to no influence in the final electricity 

consumption, this variable could be substituted with one of the remaining nine variables. 

This process of discarding and substituting will be repeated the number of iterations 

necessary to obtain only independent variables that show correlation with the dependent 

variable. 
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Figure 16: Studied independent variables 

Source: Own Elaboration 

a) Per capita income [L.] 

 Its construction is done through the quotient of the municipality´s income divided by 

the total population of the municipality. It can be assumed that the higher the value of per 

capita income, the better development scenario the municipality presents. 

 

𝑃𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 𝑖𝑛𝑐𝑜𝑚𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑐𝑜𝑚𝑒 𝑜𝑓 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑦 [𝐿. ] 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 [ℎ𝑎𝑏]
 

Equation 10: Definition of per capita income 

Source: (Secretaría de Gobernación, Justicia y Descentralización, 2020) 

 

Independent Variables

Per capita Income [L.]

Human Development Index [-]

Total Population [hab]

Urbanization Level [%]

Ethnic Population [%]

Electrical Coverage [%]

Electricity usage in cooking [cases]

Electricity usage in lighting [cases]

Industrialization level  [inhabitants]

Poverty level [%]

Households with electrical coverage [cases]

Number of inhabitants working per economical sector [cases]
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b) Human development index [-] 

  The Human Development Index (HDI) is known to contribute as a measure of general 

humanitarian development for a region. A high HDI means a great life expectancy, education 

index and gross domestic product. The data obtained is a projection for 2020 done by the 

Honduran government. 

 

𝐻𝐷𝐼 =
1

3
(𝐿𝑖𝑓𝑒 𝑒𝑥𝑝𝑒𝑐𝑡𝑎𝑛𝑐𝑦 𝑖𝑛𝑑𝑒𝑥) +

1

3
(𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑑𝑒𝑥) +

1

3
( 𝐺𝐷𝑃 𝑖𝑛𝑑𝑒𝑥) 

Equation 11: Definition of Human Development Index 

Source: ( United Nations Development Programme, 2007) 

 

c) Total population [hab] 

 When referring to total population, a projection of inhabitants per municipality for 

2021 done by the government of Honduras was considered for this thesis (Secretaría de 

Gobernación, Justicia y Descentralización, 2020). 

 

d) Urbanization Level [%] 

The urbanization level of a municipality is obtained dividing the number of households that 

are in urban areas by the total number of households in the municipality. The greater the 

urbanization level there are less habitant in rural conditions. Data was obtained for the year 

of 2020. It is expressed in percentage; it varies from 0% to 100%. 

 

𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝐿𝑒𝑣𝑒𝑙 =
𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑢𝑟𝑏𝑎𝑛 𝑎𝑟𝑒𝑎𝑠

𝑇𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑦
 

Equation 12: Definition of Urbanization Level 

Source: (Secretaría de Gobernación, Justicia y Descentralización, 2020) 
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e) Ethnic Population [%] 

This variable has been considered since it is desired to explore electricity consumption in 

regions where ethnic society focus on Honduras. Percentage of ethnic population is 

calculated dividing the ethnic population of a municipality by the total population in the 

same area. Data was obtained for the year of 2013. It is expressed in percentage; it varies 

from 0% to 100%. 

 

𝐸𝑡ℎ𝑛𝑖𝑐𝑎𝑙 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 =
𝐸𝑡ℎ𝑛𝑖𝑐𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 [ℎ𝑎𝑏] 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 [ℎ𝑎𝑏]
 

Equation 13: Calculation of percentage of ethnic population 

Source: Own deduction  

f) Electrical Coverage [%] 

Electrical coverage represents which regions have the necessary infrastructure to transmit 

and distribute electrical energy to the final consumers, in specific residential subscribers, in 

the municipality. The data obtained is from the year 2019. It is expressed in percentage; it 

varies from 0% to 100. 

 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 =
𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑤𝑖𝑡ℎ 𝑎𝑐𝑐𝑒𝑠𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑛𝑒𝑡𝑤𝑜𝑟𝑘

𝑇𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 𝑖𝑛 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑦
 

Equation 14: Calculation of percentage of electrical coverage 

Source: (Empresa Nacional de Energía Eléctrica, 2019) 

g) Electricity usage in cooking [cases] 

In Honduras, electricity utilization is not common for cooking in most of the rural areas, 

firewood is preferred for its economic value and accessibility. Due to this peculiarity, this 

variable is important to understand if this behavior at least represents a negative correlation 

with respect to total electricity consumption. The data is obtained for the year 2013.  
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h) Electricity usage in lighting [cases] 

In Honduras, various ways of luminous energy are considered to meet the need for lighting, 

these alternatives are kerosene lamp, wax candles, solar photovoltaic modules, private 

electrical system or the most used in the cities the electricity of the public lighting system. 

The data is obtained for the year 2013.  

i) Industrialization level [inhabitants] 

The occupation level in industry will be determined by the sum of all industrial and 

commercial level jobs that the population have in each municipality.  

j) Poverty level [%] 

The poverty level of a municipality is obtained through the population census from 2013 in 

Honduras. Based on these unsatisfied basic needs, the poverty level for each municipality 

was obtained by the INE. It is expressed in percentage; it varies from 0% to 100%. 

k) Number of electrified households [cases] 

The number of electrified households per municipality was obtained for the sectorial data 

results in specific for the residential sector in Honduras. The data source in this case is ENEE 

for the year of 2019.  

l) Number of inhabitants working per economical sector [cases] 

Is obtained through the population census from 2013. The number of inhabitants working 

per economical sector was obtained for the sectorial data results in specific for the 

commercial and industrial sector in Honduras. With the objective of understanding the 

relationship between electrical consumption and the inhabitants working on commercial or 

industrial sector.  
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4.2.2 DEPENDENT VARIABLES 

It was already intuited in the section 4.2.1, that electricity consumption was considered a 

dependent variable for this study. There are other concepts that derived from electricity 

consumption, that are also considered to be dependent variables such as electricity 

consumption per area, per capita and per subscriber. 

 

Figure 17: Studied independent variables 

Source: Own Elaboration  

 

a) Electricity Consumption [MWh] 

The total electricity consumption per municipality was obtained via email in direct contact 

with EEH which is the national electrical distribution company in Honduras for a sample of 

259 municipalities. 

It is necessary to mention that a comparison between municipalities based on total electricity 

consumption is not totally valid because is a value that has not been normalized. Better 
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Electricity consumption per susbcriber [kWh/sub EEH] (March 2022)
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approaches are developed comparing factors such as electricity consumption per area and 

electricity consumption per capita. 

 

b) Electricity consumption per area [kWh/m2] or Electricity Density 

 The electricity consumption per area was obtained dividing the total electricity 

consumption of the municipality by the total superficial area of the municipality. This factor 

normalizes the consumption of electricity, this makes the comparison between municipalities 

valid. 

𝐸𝑙𝑒𝑐𝑡𝑖𝑐𝑖𝑡𝑦 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 [𝑘𝑊ℎ]

𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑝𝑒𝑟𝑓𝑖𝑐𝑖𝑎𝑙 𝑎𝑟𝑒𝑎 [𝑚2]
 

Equation 15: Definition of Electricity Density 

Source: Own Deduction  

 

c) Electricity consumption per capita [kWh/hab] 

 The electricity consumption per capita was obtained dividing the total electricity 

consumption of the municipality by the total number of inhabitants. This factor normalizes 

the consumption of electricity, this makes the comparison between municipalities valid. 

   

𝐸𝑙𝑒𝑐𝑡𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 =
𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 [𝑘𝑊ℎ]

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠 [ℎ𝑎𝑏]
 

Equation 16: Definition of electricity consumption per capita 

Source: Own Deduction 

 

d) Electricity consumption per subscriber [kWh/sub EEH] 

 The electricity consumption per subscriber was obtained dividing the total electricity 

consumption of the municipality by the total number of subscribers to EEH. This factor 
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normalizes the consumption of electricity, this makes the comparison between municipalities 

valid. 

𝐸𝑙𝑒𝑐𝑡𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑠𝑢𝑏𝑠𝑐𝑟𝑖𝑏𝑒𝑟 =
𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 [𝑘𝑊ℎ]

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝐸𝐻 𝑠𝑢𝑠𝑐𝑟𝑖𝑏𝑒𝑟𝑠 [ℎ𝑎𝑏]
 

Equation 17: Definition of electricity consumption per subscriber 

Source: Own deduction 

 

4.3 TECHNIQUES AND INSTRUMENTS APPLIED  

 This section will describe the essential tools for obtaining results and monitoring the 

methodology programmed for this research. 

4.3.1 MICROSOFT EXCEL  

This spreadsheet specialized software will be used to tabulate the input data of the lineal 

regression model and the data for the generation of maps and visualizations in Tableau.  The 

11 variables will be tabulated including dependent and independent variables for 259 

municipalities in Honduras, a total of 2,590 inputs will be manually introduced in Excel. The 

graphs to explore the correlation between the 10 sociodemographic variables and electricity 

consumption will be done in Excel and the pareto diagram, a graph that arranges data in 

descending order, from left to right and where the data is presented by bars, will also be 

elaborated in this software. In this instance, the pareto diagram will be useful to know which 

municipality is primarily in charge of the consumption of electricity.  

4.3.2 TABLEAU DESKTOP  

Tableau is an interactive data visualization tool which makes simple to explore and manage 

data. Tableau is also available in the web and the visualizations created in Tableau can be 

shared with no charge or fee. Tableau gives a trial of one year to students, which allows the 

opportunity of understanding the software and enhanced data visualization abilities. The 

actual work was achieved thanks to the student trial. 
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In this thesis Tableau will be utilized to create scatterplot graphics and bar graphs that 

interact with each other with the proposed of a user-friendly visualization of electricity 

demand in Honduras.  

 In tableau, choropleth maps will be also created.  A choropleth map is a specific kind of 

thematic map in which regions are shaded in varying shades, frequently from the same color 

range, to indicate various values of a statistical variable that is particular to that geographic 

area.  

4.3.3 RSTUDIO 

R is a programming language with a statistical approach, RStudio is a program which allows 

the user to handle R and use it more comfortably. The learning curve for R is relatively 

straight forward, that why is ideal for deliverables and rapid analysis. RStudio will provide 

the analysis for the multiple regression model; will assist with the discard of variables and 

improvement of the model. 

 

4.4 POPULATION AND SAMPLE 

This research will focus on the country of Honduras with a total of 298 municipalities. The 

sample to be utilized will be 259 municipalities for which the information was achievable, 

the rest of the municipal data will be obtained through the multiple linear regression model 

that will be explain in the future section. 
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Figure 18: Status of information per municipality 

Source: Own Elaboration 

4.5 RESEARCH METHODOLOGY 

The methodology considered most convenient to respond to the research questions raised 

in chapter two is explained below. 

4.5.1 COMPILATION OF SOCIODEMOGRAPHIC AND ELECTRICITY CONSUMPTION DATA AT 

MUNICIPAL LEVEL IN HONDURAS 

The first phase of data compilation started by contacting the local electrical distribution 

company (EEH) via email. The information requirements were detailed. For this thesis the 

goal was to achieve a municipality level of disaggregation in electricity consumption data.  

The raw data was obtained by April 2022. In this data, certain cities and villages were taken 

as entire municipalities even though they are not. For example, Chamelecón is part of the 

municipality of San Pedro Sula; however, in the raw data it appears as being one entire 

municipality. So, a pre-treatment to correct these "errors" was made. In the end, it was 

possible to obtain the information of 259 municipalities (with their villages and cities 

grouped within) as the sample for electrical consumption data.  
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The second phase of data compilation was to identify governmental and legitimate data 

sources to obtain sociodemographic attributes for each of the 259 municipalities traced at 

first. For this purpose, three principal data sources were consulted: the National Institute of 

Statistics (INE), the Ministry of the Interior, Justice, and Decentralization (SGJD) and the 

National Electric Power Company (ENEE).  

Table 3: Sociodemographic attributes compilated per municipality 

Sociodemographic Attribute Measure Source 

Electrical Coverage  Percentage [%] ENEE 2019 

Electrical Usage for cooking Percentage [%] INE 2013 

Electrical Usage for lightning  Percentage [%] INE 2013 

Human Development Index A dimensional [-] SGJD 2020 

Income per capita Lempiras [L.] SGJD 2020 

Poverty Level  Percentage [%] INE 2013 

Urbanization Level  Percentage [%] SGJD 2020 

Total Population  Cases [inhabitants] SGJD 2020 

Ethnic Population Percentage [%] INE 2013 

Industrialization Level Cases [inhabitants] INE 2013  

Households with electrical 

coverage [cases] 

Cases [houses] INE 2013 

Occupation per economical 

sector [cases] 

Cases [inhabitants] INE 2013 

Source: Own elaboration  

The variables above were selected as the main sociodemographic data for this investigation 

for each municipality. 
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Figure 19: Followed steps for data compilation 

Source: Own elaboration 

The objective of the first eleven variables, including the electricity consumption and first ten 

sociodemographic parameters in Table 3, is to understand the behavior of electrical demand 

depending on sociodemographic data, also to identify if there is high or low determination 

coefficient between them (also known as R2; this concept will be explained in section 4.5.2). 

4.5.2 LINEAR REGRESSION MODEL   

As shown in Chapter three, section 3.2.1 of this work, the methodologies of electricity 

demand forecast in Honduras are not accessible to academia, the forecast of demand is not 

considering location and the planification is centralized and does not provide space for 

autonomous municipal development and energy planning in Honduras. 

Due to these obstacles, from the academia the actual study has as an objective to build a 

linear regression model based on sociodemographic variables as the independent variables 

and electrical consumption as a dependent variable. This model is created with the objective 

of understanding if these variables do affect electrical consumption. 

 R program is necessary to improve, approve or discard variables in the regression model. 

Following the requirements of statistical literature, the analysis of data in RStudio results in 



61 

 

an ANOVA; an analysis of variance that constitutes a basic tool for studying the effect of one 

or more factors on the mean of a continuous variable.  

For the Analysis of Variance (ANOVA) three parameters will be considered to discard 

independent variables or to change the regression model:  

1. Adjusted coefficient of determination (R2): This value demonstrates how much 

variability of the response the regression model based on the independent variables 

can predict; the adjusted value is utilized for linear multiple regression. 

 

�̅�𝟐 = 𝟏 − 

𝐒𝐒𝐄
𝐦 − (𝐧 + 𝟏)

𝐒𝐒𝐓
𝐦 − 𝟏

 

Equation 18: Definition of adjusted coefficient of determination 

Source: (Richardson, 2015) 

Where: 

▪ 𝑚 is the number of samples 

▪ 𝑛 is the number of independent variables 

▪ 𝑆𝑆𝐸 is the sum of squared estimate of errors 

▪ 𝑆𝑆𝑇 is the total sum of squares 

 

These two last parameters mentioned are calculated for the regression model, as 

follows: 

 

𝑆𝑆𝐸 = ∑(yi − ŷi)
2

𝑚

i=1

 

Equation 19: Definition of Squared Estimate of Error 

Source: (Richardson, 2015) 

Where: 

▪ ŷi is the predicted value of the dependent variable 
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▪ yi is the real value of the dependent variable 

▪ 𝑚 is the number of samples. 

And; 

𝑆𝑆𝑇 = ∑(yi − y̅)2
𝑚

i=1

 

Equation 20: Definition of Total Sum of Squares 

Source: (Richardson, 2015) 

Where: 

▪ y̅ is the mean of the dependent variable 

▪ yi is the real value of the dependent variable 

▪ 𝑚 is the number of samples 

The accepted values of R2 for certain model varies according to the literature but a range 

of 0.7 to 1 is acceptable for the regression model to be determined in this thesis. 

 

Figure 20: Acceptable adjusted R2 value in R 

Source: Own Elaboration 

2. Significant F / p-value for the F-test / Critical Value of F 

The accepted values of Critical Value of F for certain model varies according to the 

literature. For this methodology, when Critical Value of F is less than 0.05, the overall 
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model is significant, and when it is greater than 0.05, the overall model is not 

significant.  

 

 

Figure 21: Demonstration of significant models in R 

Source: Own Elaboration 

3. Slope coefficient and p-value for each independent variable  

If the slope coefficient called 𝛽 in this investigation, that accompanies the 

independent variable is too small, variable can be discarded.  It is also necessary to 

apply for the p-value of each coefficient the 0.05 rule. If p-value is less than 0.05, the 

impact of the variable is significant, and when it is greater than 0.05, the impact of 

the variable is not significant. 

 

 Figure 22: Evaluation of p-value per each independent variable 
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Source: Own Elaboration 

In RStudio that is the compiler for R, the function “readxl ()” is necessary to upload the 

training set and the function “lm ()” is required to call for a multiple linear regression. 

Regressors (independent variables) that are not significant in the model can be identified 

and discarded.  

In linear regression models in R, lm (Y~.) Considers the dependent variable and all the 

independent variables and lm (Y~X1+X2+X3) Considers the dependent variable and only 

the first three independent tabulated in the training set. 

Even though, in this investigation, the model is required to be a multiple linear regression, R 

present the opportunity of exploring a specific case of quantile regression which will be also 

utilized.  

This process of linear regression will be done for general consumption of electricity and will 

be done for the electricity consumption of the three main sectors: residential, commercial, 

and industrial. The code utilized for this linear regression model was written in R and is 

annexed to the document.  
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Figure 23: Linear Regression Model process 

Source: Own Elaboration 

 

4.5.3 DATA VISUALIZATION: MUNICIPAL MAP AND GRAPHS CREATION  

It was mentioned in section 4.3 the utilization of Tableau Desktop; this tool is utilized with 

the purpose of providing a spatial distribution of electricity demand to be considered in 

national energy planning and making accessible the data of electricity consumption to 

general population, academia, and other interested sectors.  

The information gathered in Excel will be transformed into a digestible format to reach a 

better understanding of the behavior of the electrical demand in Honduras. Thanks to the 

regression model already approved, it will be possible to obtain the electrical consumption 

of the 298 municipalities of Honduras whereas in raw data the only 259 municipalities were 

included. 
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Obtaining the national data, it is possible to create the subsequent visualizations in Tableau 

per department (18) and municipality (298) in Honduras: 

a) Choropleth map of electricity consumption [MWh] 

A choropleth map is a geographical representation where areas are differentiated by 

colors of the same chromatic range depending on certain variable, in this case the 

variables is electricity consumption.  

Input:  

• Shapefile of the map with the municipal division of Honduras obtained via 

web in Gobierno de la República de Honduras (2019). 

• Electrical consumption per municipality data [MWh]. 

Process:  

• Shapefile of municipal division of Honduras’ map Geometry is charged into a 

Tableau´s sheet.  

• Electrical consumption per municipality data is uploaded and linked with the 

shapefile document through municipal code (an array of four characters 

unique per each municipality). This action is made by the “Blend Relationship” 

option in Tableau. 

• Municipality name and Department name is assigned to Tableau´s sheet as a 

“Detail” Mark. 

• Electrical consumption per municipality data [MWh] is assigned to Tableau´s 

sheet as “Color” Mark. 

• Electrical consumption per municipality data [MWh] is assigned to Tableau´s 

sheet as “Tooltip” Mark. 

• Choose Department name as Filter in Tableau´s sheet. 

Output: 

• Honduras choropleth municipal map colored by electricity consumption 

[MWh] with interactive design filtered by department and municipality. In this 

case, the department shown is Choluteca because is the department from 

which all the municipal information was held. 
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Figure 24: Preview of Honduras map [left] and the department of Choluteca [right] 

by electricity consumption of March 2022 [MWh] 

Source: Own Elaboration 

b) Interactive design of Choropleth map + Bar graph of electricity consumption 

specified by sector [MWh/sector] 

Having already discussed the elaboration of the Honduras choropleth municipal map 

colored by electricity consumption [MWh] with interactive design filtered by 

department. The bar graph elaboration will be discussed. 

Input:  

• Electrical consumption by sector per municipality [MWh /sector] 

Process:  

• Electrical consumption by sector per municipality data is uploaded and linked 

with the shapefile and global electricity consumption [MWh] document 

through the municipal code (an array of four characters unique per each 

municipality). 

• In “Show Me” section the graph of interest is chosen. In this case Bar Graph. 

• Name of Sector is assigned to Columns and Electrical consumption by sector 

per municipality is assigned in Rows. Bar Graph will be completed. 
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• Create a new dashboard; assigned both sheets (Choropleth map and Bar 

graph) to the new dashboard and use a filter in the Choropleth map by 

municipality. 

 

Output: 

• Choropleth map by municipality and electricity consumption classified by 

sector within. 

 

Figure 25: Preview of electricity consumption by sector for certain municipality 

selected [kWh] 

Source: Own Elaboration 

c) Choropleth map of global electricity consumption per capita [kWh/hab]: 

Input:  

• Shapefile of the map with the municipal division of Honduras obtained via web in 

Gobierno de la República de Honduras (2019). 

• Electrical consumption per municipality data [kWh] 

• Population of each municipality by 2021 [inhabitants] 
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Process:  

• Obtain global electricity consumption per capita (ECPC) by municipality following the 

next equation: 

 

ECPC =
Electrical consumption per municipality [kWh]

Population 2021 per municipality [hab]
 

 

Equation 21: Definition of electricity consumption per capita 

Source: Own Deduction 

• Shapefile of municipal division of Honduras’ map Geometry is charged into a 

Tableau´s sheet.  

• Electricity consumption per capita data is uploaded and linked with all data utilized 

in the model. This action is made by the “Blend Relationship” option in Tableau. 

• Municipality name and Department name is assigned to Tableau´s sheet as a “Detail” 

Mark. 

• Electricity consumption per capita per municipality data [kWh/hab] is assigned to 

Tableau´s sheet as “Color” Mark. 

• Electricity consumption per capita per municipality data [kWh/hab] is assigned to 

Tableau´s sheet as “Tooltip” Mark. 

• Choose Department Name as Filter in Tableau´s sheet. 

Output: 

• Honduras choropleth municipal map colored by electricity consumption per capita 

per municipality data [kWh/hab] with interactive design filtered by department. 
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Figure 26: Preview of Honduras map [left] and the department of Choluteca [right] 

by electricity consumption per capita of March 2022 [kWh/inhabitant] 

Source: Own Elaboration 

d) Choropleth map of adjusted electricity consumption per capita [kWh/EEH subscriber] 

Input:  

• Shapefile of the map with the municipal division of Honduras obtained via web in 

Gobierno de la República de Honduras (2019). 

• Electrical consumption per municipality data [kWh] 

• Population of each municipality by 2021 [inhabitants] 

• Electrical Coverage [%] 

Process:  

• Obtain electricity consumption per EEH subscriber (ECPS) by municipality following 

the next equation: 

 

ECPS =
Electrical consumption per municipality [kWh]

Population 2021 per municipality [hab] ∗ Electrical coverage [%]
 

 

Equation 22: Definition of electricity consumption per EEH subscriber 

Source: Own Elaboration 
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• Shapefile of municipal division of Honduras’ map Geometry is charged into a 

Tableau´s sheet.  

• Electricity consumption per EEH subscriber data is uploaded and linked with all data 

utilized in the model. This action is made by the “Blend Relationship” option in 

Tableau. 

• Municipality name and Department name is assigned to Tableau´s sheet as a “Detail” 

Mark. 

• Electricity consumption per EEH subscriber per municipality data [kWh/sub] is 

assigned to Tableau´s sheet as “Color” Mark. 

• Electricity consumption per EEH subscriber per municipality data [kWh/sub] is 

assigned to Tableau´s sheet as “Tooltip” Mark. 

• Choose Department Name as Filter in Tableau´s sheet. 

 

Output: 

• Honduras choropleth municipal map colored by electricity consumption per EEH 

subscriber per municipality data [kWh/sub] with interactive design filtered by 

department. 

 

Figure 27:Preview of Honduras map [left] and the department of Choluteca [right] by 

electricity consumption per EEH subscriber of March 2022 [kWh/subscriber] 
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Source: Own Elaboration 

e) Choropleth map of density of electricity consumption[kWh/m2]: 

Input:  

• Shapefile of the map with the municipal division of Honduras obtained via web in 

Gobierno de la República de Honduras (2019). 

• Electrical consumption per municipality data [kWh] 

• Superficial area of each municipality [m2] 

 

Process:  

• Obtain electricity density (ED) by municipality following the next equation: 

ED =
Electrical consumption per municipality [kWh]

Superficial area of each municipality [m2]
 

               Equation 23: Definition of electricity density 

Source: Own Elaboration 

• Shapefile of municipal division of Honduras’ map Geometry is charged into a 

Tableau´s sheet.  

• Electricity density data is uploaded and linked with all data utilized in the model. This 

action is made by the blend relationship option in Tableau. 

• Municipality name and Department name is assigned to Tableau´s sheet as a “Detail” 

Mark. 

• Electricity density per municipality data [kWh/m2] is assigned to Tableau´s sheet as 

“Color” Mark. 

• Electricity density per municipality data [kWh/m2] is assigned to Tableau´s sheet as 

“Tooltip” Mark. 

• Choose Department Name as Filter in Tableau´s sheet. 

Output: 

• Honduras choropleth municipal map colored by electricity density per municipality 

data [kWh/m2] with interactive design filtered by department 



73 

 

 

Figure 28: Preview of Honduras map [left] and the department of Choluteca [right] 

by electricity density of March 2022 [kWh/m2] 

Source: Own Elaboration 

f) Choropleth map of electricity consumption per capita specified by sector [kWh/hab]: 

Input:  

• Shapefile of the map with the municipal division of Honduras obtained via web in 

Gobierno de la República de Honduras (2019). 

• Electrical consumption per municipality data [kWh] 

• Electrical consumption per sector data [kWh] 

• Population of each municipality by 2021 [inhabitants] 

 

Process:  

• Obtain sectorial electricity consumption per capita (SEPC) for each municipality 

following the next equation: 

𝑆𝐸𝐶𝑃𝐶 =
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑚𝑛

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑚
 

Equation 24: Calculation of sectorial electricity consumption per capita 

 Source: Own deduction 

                 Where:  
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▪ 𝑚 represents the municipality  

▪ 𝑛 represents the sector, which can be:  

1. Residential 

2. Commercial 

3. Industrial: divided by ENEE into moderate and large industries. 

4. Autonomous 

5. Government 

6. Municipal 

7. Community service 

 

This equation will be utilized seven times by each municipality, to calculate the seven 

parameters of SECPC. 

 

• Shapefile of municipal division of Honduras’ map Geometry is charged into a 

Tableau´s sheet.  

• Sectorial electricity consumption per capita data is uploaded and linked with all data 

utilized in the model. This action is made by the blend relationship option in Tableau. 

• Municipality name and Department name is assigned to Tableau´s sheet as a “Detail” 

Mark. 

• A “Parameter “named “List of Sectors” must be created in Tableau where the seven 

sectors are shown as a drop box list for which the user can decide which choropleth 

map visualize. 

• A “Calculation Field” named “Sector” must be created in Tableau where a conditional 

code must be written to connect the drop box list created as a parameter with the 

excel worksheet.   

• The Calculation Field named “Sector” must be placed to Tableau´s sheet as “Color” 

Mark. 

• The Calculation Field and the Parameter named “Sector” and “List of Sectors” 

respectively are assigned to Tableau´s sheet as “Tooltip” Mark. 
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• Choose Department Name as Filter in Tableau´s sheet. 

 

Output: 

Honduras choropleth municipal map colored by sectorial electricity consumption per capita 

per municipality data [kWh/hab] with interactive design filtered by department. 

 

Figure 29: Preview of Honduras map [left] and the department of Choluteca [right] 

colored by sectorial electricity consumption of March 2022 [kWh/inhabitant/sector] 

Source: Own Elaboration 

g) Scatterplot of HDI [-] vs Electrical Consumption [GWh]: 

 Logarithmic scale will be utilized for the x- axis, through this a better approach 

to analyze the data will be achieve, dividing the municipalities by clusters where 

similar characteristics for both variables are achieved.  
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4.6 SCHEDULE 

 

 

Figure 30: Schedule of thesis drafting 

Source: Own Elaboration 
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V. RESULTS 

In this chapter, the results of the investigation methodology will be exposed and analyzed 

through instruments that illustrate better the behavior of data. This section provides the 

necessary information to arrive to rigorous conclusions about the electricity consumption in 

Honduras. 

The results will be divided into five sections,  

1) The first section is a global analysis of consumption by municipality. This section is 

where through Pareto diagrams the municipalities that are the largest consumers of 

total electricity consumption, per capita electricity consumption and electricity 

density in the national territory will be identified. 

2) The second section contains an elaborated analysis to indicate the correlation of 

electricity consumption with 10 sociodemographic and socioeconomic variables 

through the usage of scatterplot graphs. The purpose of this section is finding the 

highest coefficient of determination (R2) trying different functions by which the 

relation of the two variables (one of the 10 social variable and electricity 

consumption) can be best explained.  

3) The third section contains the explanation of the regression model analysis and its 

iterations in the search for the best fitted multiple linear regression. 

4) The fourth section contains the results of the data visualization tool in Tableau and a 

departmental analysis of the electrical demand in Honduras showing the percentages 

that the municipalities represent of the total departmental consumption. Also, the 

total electricity consumption, per capita electricity consumption and electricity 

density will be calculated for each department as it was done in the first section per 

municipality. 

5) The fifth section involves a sectorial analysis. This sectorial analysis is made to 

understand which sector consumes more electricity (therefore, who should be the 

first to implement energy efficiency policies) at a national, departmental, and 

municipal level. Finally, in the residential sector, an economic analysis per household 
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in each municipality will be made to identify how much of the income in households 

is spent on electricity services. 

 

5.1 GLOBAL ANALISYS OF ELECTRICITY CONSUMPTION 

 Having already recollected all the information necessary of the 259 municipalities for 

the sample, the analysis of the monthly electricity consumption for March 2022 (as the model 

month) can be done. 

 There is one main conclusion reached by analyzing the data: the consumption of 

electricity in Honduras is unequally distributed. Only 18 municipalities represent 80% of the 

electricity consumption for the month of March 2022. (In other words, only 6.94% of the 

municipalities represents 80% of electricity consumption). 

 

Figure 31: Pareto Diagram of the 18 municipalities that are the main consumers of 

electricity in Honduras 

Source: Own Elaboration with information obtained via email from  (EEH , 2022) 
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 The analysis done by the pareto diagram can be utilized also for other percentages 

besides 80%. For instance, 90% represents only the consumption of 40 municipalities out of 

259 that are being studied. This means that 219 municipalities are responsible for only 10% 

which is insignificant and quantitatively reveals the levels of inequality in electricity 

consumption. 

 This analysis by municipalities might not be as revealing. To analyze the population 

involved is more representative of the actual situation in Honduras. In the 19 municipalities 

where accumulative electricity consumption represents 80%, the population is four million 

of Hondurans. The rest, approximately, 5.5 million consume only 20% of the electricity 

resource.  

 

Figure 32: Inequality in electricity consumption presented by population 

Source: Own Elaboration with information obtained via email from  (EEH , 2022) 

 

 Given that electricity is a variable that has and effect in human development, an 

unequal distribution of this good could translate into a not advanced human development. 
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 Another way of understanding electricity consumption is analyzing the per capita 

electricity consumption, this will provide a raw idea of the municipalities where the 

population has more electrical security. The per capita electricity consumption will also 

provide a variable of comparison given the normalization of electricity consumption being 

divided by the population of the municipality as shown in equation 18. 

 In an ideal scenario, where no disparity in electricity consumption distribution exists, all 

municipalities should have the same value of per capita electricity consumption signifying 

that all Hondurans consume the same quantity of electricity. 

 The value of electricity consumption per capita for each municipality can be found in 

Annex 1. 

 The graph below shows the Top 15 municipalities that stand out with levels of 

electricity consumption per capita between 350 and 100 kWh consumed per inhabitant in 

the municipal territory. 

 

Figure 33: Top 15 municipalities with highest electricity consumption per capita 

Source: Own Elaboration with information obtained via email from  (EEH , 2022) 
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 Las Vegas, Sabá and La Unión represent greater values of electricity consumption per 

capita than San Pedro Sula, being the last one known as the most industrialized municipality 

in the country and one of the most urbanized territories. This occurrence has an explanation: 

population in the first three municipalities mentioned is less than in San Pedro Sula. This 

results in a smaller value as a denominator in the equation 18 therefore a bigger value as a 

response.  

 Individually these municipalities were identified to present the subsequent scenarios 

that could also give response to the occurrence:  

▪ Las Vegas is known as the mining capital of Honduras; the consumption of electricity 

is mainly just in the industrial sector. The quantity of inhabitants is not representative 

of the electricity consumption.  

▪ Sabá is where the Standard Fruit company is located, it is commonly known by the 

locals that this company is connected to the electricity network as a residential client. 

The quantity of inhabitants is not representative of the electricity consumption.  

▪ La Unión is home of the mines of San Andrés, representing that this mining activity 

is the responsible of most of the electricity consumption in the municipality. The 

quantity of inhabitants is not representative of the electricity consumption.  

 

 It is also important to mention that Distrito Central, where the capital city of Honduras 

is located, it is found in 14th place, revealing that in the Top 15 only Santa Rosa de Copán 

has a smaller value of electricity consumption per capita. 

 Whereas in this Top 15 municipalities the ranges go from 350 to 100 kWh per capita, 

in the Bottom 15, ranges go from 5 to 0 kWh per capita.   
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Figure 34: Bottom 15 municipalities with lowest electricity consumption per capita 

Source: Own Elaboration with information obtained via email from  (EEH , 2022) 

 Pitifully, in perspective, a consumption of 4.5 kWh per capita in Meámbar (Bottom 

15) and a consumption of approximately 170 kWh per capita in San Pedro Sula (Top 15) lays 

bare that a person in San Pedro Sula consumes 40 times more electricity that in Meámbar. 

This fact demonstrates once again the inequality of electricity consumption in the national 

territory. 

 Normalizing electricity consumption dividing it by the population of the municipality 

is a great way of getting a value that is comparable from municipality to municipality. 

Another normalized parameter will be calculated and analyzed for this investigation.  

 Electricity Density or electricity consumption per area is another normalized form of 

electricity consumption. How to obtain the parameter is described in Equation 21. In an ideal 

scenario, where no disparity in electricity consumption distribution exists, all municipalities 

should have the same value of electricity density. The value of electricity density for each 

municipality can be found in Annex 1. 
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Figure 35: Top 15 municipalities with highest electricity density in Honduras 

Source: Own Elaboration with information obtained via email from  (EEH , 2022) 

 In the Top 15, San Pedro Sula is identified as the municipality with the highest 

consumption per square meter. San Pedro Sula is followed by Villanueva, Choloma and Las 

Vegas, whose economical focus is the industrial sector. Distrito Central stands out in the 5th 

place.  In the contrary of most municipalities, Santa Rosa de Copán offers the same behavior 

that in electricity consumption per capita, it maintains its place in 15th place.  

While in the Top 15 the range take in values from 160 to 20 kWh per square meter, in the 

Bottom 15 the values go from 0.2 to 0 kWh per square meter.  
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Figure 36: Bottom 15 municipalities with lowest electricity density 

Source: Own Elaboration with information obtained via email from  (EEH , 2022) 
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 Source: Own Elaboration with information obtained via email from  (EEH , 2022) 

The municipalities are represented by dots in Figure 39, the dots that are left oriented are 

the municipalities that have minor values of electricity consumption per capita and electricity 

consumption per square meter such as Texiguat, Guajiquiro, Jano and Mangulile there are 

various characteristics that these places have in common such as low urbanization level and 

per capita income.  

 The dots that are right oriented are the municipalities that have mayor values of 

electricity consumption per capita and electricity consumption per square meter such as 

Villanueva, San Pedro Sula, Distrito Central and Las Vegas.  

 Other municipalities that also have great values of these two parameters are El 

Progreso and La Ceiba. But there is another interesting fact about these two municipalities: 

geographically they are ubicated in distinct departments however they have the same 

characteristics of electricity consumption.  
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 With this example in mind, a conclusion can be reached: electricity consumption 

behavior can be the same in municipalities that are away from each other and is not 

necessarily the same value for municipalities in the same department or near each other, 

that is why disaggregation is necessary. 

 

5.2 INDIVIDUAL CORRELATION ANALYSIS BETWEEN SOCIODEMOGRAPHIC 

VARIABLES AND ELECTRICITY CONSUMPTION  

It is important to understand the sociodemographic characteristics of each municipality to 

have a wider perspective to analyze electricity consumption data. 

5.2.1 POPULATION [INHABITANTS] 

 In relation to inhabitants, electricity consumption data presents a linear relationship 

with respect to the variable in the x-axis. Being the coefficient of determination (R2) greater 

than 0.7 this relationship is considered significant for the thesis.  

 

Figure 38: Relationship between electricity consumption and population in 

municipalities of Honduras 
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Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

(Secretaría de Gobernación, Justicia y Descentralización, 2020) 

 In the search of a greater coefficient of determination (R2) an experiment utilizing 

only the residential electricity consumption for each municipality but the same number of 

inhabitants as the graph above was done.  

 

Figure 39: Relationship between residential electricity consumption and population 

in municipalities of Honduras 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

(Secretaría de Gobernación, Justicia y Descentralización, 2020)  

 The graph above determines that population has a greater coefficient of 

determination in relation to residential sector consumption of electricity where the value for 

R2 is 0.97. This means that population has a higher influence in residential consumption than 

overall consumption in the municipalities of Honduras. 
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5.2.2 HUMAN DEVELOPMENT INDEX [HDI]  

 It was already understood in Chapter two that human development seems to be 

affected positively by electricity consumption for many countries in the world. That is why is 

necessary to understand how the relation is between HDI and electricity consumption in 

Honduras. The best fitted function for these two variables is a logarithmic function even 

though the R2 coefficient is less than 0.7 the relationship is significant. 

 

Figure 40: Relationship between HDI and Electricity consumption 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

(Secretaría de Gobernación, Justicia y Descentralización, 2020) 

 In Figure 42, only four municipalities were distinguished: San Pedro Sula, Distrito 

Central, Villanueva and Choloma. To achieve a better understanding of the municipalities 

that are alike based on these two parameters, a logarithmic scale was applied to the x-axis, 

allowing the opportunity of creating clusters. 
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Figure 41: Formation of clusters by similar parameters of HDI and electricity 

consumption 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

(Secretaría de Gobernación, Justicia y Descentralización, 2020) 

 

In Figure 43, clusters can be identified:  

▪ Cluster 1 contains the main cities of Honduras, San Pedro Sula which is the industrial 

capital and Tegucigalpa in Distrito Central which is the capital city of Honduras. 

▪ Cluster 2 represents municipalities with manufacturing industrial activity such as 

Villanueva and Choloma or municipalities such as Comayagua and Puerto Cortés 

where commerce is highly representative of the economy. 

▪ Cluster 3 includes San Lorenzo and Santa Rosa de Copán that are touristic attractions 

in Honduras. Also includes Las Vegas, municipality that we are discussed as the 

mining capital. 
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Concluding that industrial and touristic focused municipalities in Honduras have 

greater HDI and greater electricity consumption. 

 Figure 4 showed the behavior of 30 countries with respect to their respective Human 

Development Index. The same behavior is demonstrated with the 259 municipalities of 

Honduras with respect to their HDI values.  

 

Figure 42: Relationship between HDI and Electricity Consumption per capita 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

(Secretaría de Gobernación, Justicia y Descentralización, 2020) 

 For greater values than 100 kWh/hab, the HDI axis does not represent values less 

than 0.7. Except for the municipalities of Sabá, Las Vegas and La Unión, which present low 

Human Development Index values when electricity consumption is high. These three 

municipalities were already studied in Section 5.1.1. to understand this arbitrary behavior. 
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contrary, in a linear/ logarithmic function for a value of x just one value of y should be a valid 

response. 

Even though a low value of R2 of 0.3361 is the best fitted possible function, there is a 

qualitatively explainable relationship between these parameters. The higher the per capita 

electricity consumption, the wider the range in which electricity consumption can vary. For 

instance, when the per capita income is L.1,000 then electricity consumption can vary from 

0 to 350 kWh/hab. While the per capita income is L. 200 the electricity consumption can only 

vary from 0 to 50 kWh. 

 

Figure 43: Relationship between Electricity Consumption per capita and Income per 

capita 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

(Secretaría de Gobernación, Justicia y Descentralización, 2020) 

 The more money a municipality is willing to give to their population, the better 

chances that this population consumes more electricity per capita.  
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5.2.4 URBANIZATION LEVEL [%] 

 Urbanization level dictates how many households are in the urban area of a 

municipality. The trend for urbanization is similar to the graph above (per capita income). 

The R2 is low but a qualitative analysis yields a conclusion: The more urbanized a municipal 

population is, the greater the chances that they consume more electricity.  It is also clear to 

notice that the imaginary asymptote of 20 GWh is only crossed by municipalities that present 

80% to 100% of urbanization level; this happens only for four municipalities, San Pedro Sula, 

Distrito Central, Villanueva and Choloma. 

 

Figure 44: Relationship between Electricity Consumption and Urbanization Level 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

(Secretaría de Gobernación, Justicia y Descentralización, 2020) 

Another scatterplot might be helpful to understand the behavior of electrical demand with 

respect to urbanization level in municipalities. For this case a new value was obtained, the 

urban population. 
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𝑈𝑃 = 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 [𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠] ∗ 𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝐿𝑒𝑣𝑒𝑙 [%] 

Equation 25: Definition of urban population 

Source: Own deduction  

A linear relationship between urban population and electricity consumption may be seen on 

figure 47, also representing a high coefficient of determination. 

 

Figure 45: Relationship between electricity consumption and urban population 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

information from (Empresa Nacional de Energía Eléctrica, 2019)  and (Secretaría de 

Gobernación, Justicia y Descentralización, 2020) 

5.2.5 ELECTRICAL COVERAGE [%] 

 It is natural to think that electrical coverage has an influence on electrical 

consumption, nevertheless this investigation concludes in the contrary. The maximum 

coefficient of determination (R2) achieved was 0.10 and it was only when a 6th degree 

polynomial was utilized.  
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Figure 46: Relationship between electricity consumption per capita and Electrical 

Coverage 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

(Empresa Nacional de Energía Eléctrica, 2019) 

 Realizing that in the previous graph the relationship was difficult to achieve, the axes 

were shifted, obtaining the graph below where a better R2 is achieved, double the first 

coefficient of determination.  
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Figure 47: Relationship between Electricity Consumption per capita and Electrical 

Coverage (rotated axis) 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

(Empresa Nacional de Energía Eléctrica, 2019)  

 The coefficient of determination is too low when comparing them with the 

population, per capita income, HDI and the other parameters.  

Another scatterplot might be helpful to understand the behavior of electrical demand with 

respect to electrical coverage. In this case a new value was obtained, the covered population. 

Where covered population (CP) is defined as:  

 

𝐶𝑃 = 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛[𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠] ∗ 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 [%] 

Equation 26: Definition of covered population 

Source: Own deduction 

In Figure 50 a linear relationship is noticeable, and a high coefficient of determination is 

obtained. 

 

Figure 48: Relationship between electrical consumption and covered population 

San Pedro Sula

Distrito Central

Villanueva

Choloma

y = 0.1089x - 1.0927
R² = 0.844

 -

 20.00

 40.00

 60.00

 80.00

 100.00

 120.00

 140.00

 160.00

 -  200.00  400.00  600.00  800.00  1,000.00  1,200.00  1,400.00

El
ec

tr
ic

it
y 

 c
o

n
su

m
p

ti
o

n
 [

M
W

h
]

Covered population [thounsands of inhabitants]



96 

 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

information from (Empresa Nacional de Energía Eléctrica, 2019)  and (Secretaría de 

Gobernación, Justicia y Descentralización, 2020) 

 

5.2.6 INDUSTRIALIZATION LEVEL [INHABITANTS] 

The INE in 2013, conducted a population census. One of the variables recollected then and 

interesting for this study is the value of those who live in a municipality and work in industrial 

or commercial sector. These values were tabulated for each municipality and utilized to 

understand the possible relationship between electricity consumption with respect to 

industrial and commercial occupation.  

 

Figure 49: Relationship between electricity consumption and industrial/commercial 

occupation 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

information from (INE, 2013) 
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The variables exhibit a linear relationship with a high coefficient of determination which is 

good for the linear regression model that is going to be achieved in section 5.3 of this thesis. 

5.2.7 ETHNIC POPULATION [INHABITANTS] 

In Honduras, 10 percent of the total population has an ethnic background. In this study of 

electric energy consumption, it is hypothesized that the municipality´s use of electricity will 

decrease as the ethnic diversity of the population increases.  

Typically, the localities with the least amount of development in industrial and commercial 

activity are those where Indigenous people reside. The living circumstances, in favor of 

honoring their culture and beliefs, occasionally are basic, no luxuries or amenities in most of 

the cases. 

 

Figure 50: Relationship between ethnic population and electricity consumption 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

information from (INE, 2013) 
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capita is nonlinear. However, there is a relation between these parameters, the greater the 

percentage of ethnic population in a municipality the minor the ranges in which electricity 

consumption can vary, so the initial hypothesis is valid.  

For instance, the municipalities that present a 60% to 100% of ethnic population such as 

Yamaranguila in Intibucá and La Libertad in Comayagua demonstrate to vary from 0 to 50 

kWh per inhabitant, whereas in San Pedro Sula or Villanueva that demonstrate value of less 

than 10% of ethnic population that consumption of electricity ranges from 0 to 250 kWh per 

inhabitant. 

5.2.8 ELECTRICITY CONSUMPTION FOR COOKING 

The quantity of families that use electricity as a cooking source instead of wood or propane 

gas is one of the values recollected and interesting for this investigation. These results were 

tabulated for each municipality by the author and employed to determine whether there 

might be a correlation between electricity consumption and electricity use as a heat source 

for cooking purposes. 

 

Figure 51: Relationship between electricity consumption and electricity usage for 

cooking 
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Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

information from (INE, 2013) 

 

Considering Figure 53 the correlation between electricity usage for cooking and electricity 

consumption is not linear due to the low coefficient of determination. Also, there is no 

qualitatively explainable relationship noted.  

5.2.9 ELECTRICITY CONSUMPTION FOR LIGHTNING  

The quantity of households that utilized public service of lightning is important data for this 

investigation. 

These results were tabulated for each municipality by the author and employed to determine 

whether there might be a correlation between electricity consumption and electricity use for 

lightning. 

 

Figure 52: Relationship between electricity consumption and electricity usage of 

lightning 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

information from (INE, 2013) 
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The electricity consumption in the municipality has a linear correlation with electricity usage 

for lightning, the coefficient of determination is high (greater than 0.7) indicating that the 

independent variables explain well the dependent variable. 

5.2.10 POVERTY LEVEL BASED ON UNSATISFIED BASIC NEEDS 

The poverty level in each municipality is one of the variables recollected back then and 

interesting for this investigation. These values were tabulated by the author and employed 

to determine whether there might be a correlation between electricity consumption and the 

poverty level in a region.  

As a hypothesis, if the level of poverty is high for the population, then the consumption of 

electricity will be low. 

 

Figure 53: Exponential relationship between Poverty Level and Electricity Consumption 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

information from (INE, 2013) 
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The coefficient of determination with an exponential analysis is low. A higher coefficient of 

determination can be reach with a linear relationship. However, the coefficient is still not 

valid for this thesis (less than 0.7). 

 

Figure 54: Linear relationship between Poverty Level and Electricity Consumption 

Source: Own elaboration with information obtained via email from  (EEH , 2022) and 

information from (INE, 2013) 

The hypothesis is partly true because the higher the poverty level, the lower the ranges of 

electricity consumption. But the hypothesis could not be totally accepted because the R 

square is not high so the relationship between these parameters is nonlinear nor exponential. 

Another function must be adapted to this behavior.  
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y = -1.2288x + 105.51
R² = 0.1535

0

50

100

150

200

250

300

350

0 10 20 30 40 50 60 70 80 90 100

El
ec

tr
ic

it
y 

C
o

n
su

m
p

ti
o

n
 p

er
 c

ap
it

a 
[k

W
h

/h
ab

]

Poverty Level [%]



102 

 

5.3.1 MULTIPLE LINEAR REGRESSION MODEL  

In RStudio, the characteristics tabulated were named as variables (y and x’s). Where the y 

represents the independent variables, and the x represents dependent variables. 

 

Table 4: Variables names in RStudio 

Characteristics  Variable 

assigned  

Electricity Consumption [MWh] Y  

Population [inhabitants] X1 

Urbanization Level [%] X2 

HDI [-] X3 

Income per capita [L.] X4 

Industrial Occupation [Inhabitants] X5 

Ethnic Population [%] X6 

Poverty Level [-] X7 

Electricity Usage for cooking [%] X8 

Electricity Usage for lightning [%] X9 

Electrical coverage [%] X10 

 

Source: Own Elaboration 

Utilizing the library “readxl” the tabulated excel data was available to the program RStudio 

and with the function “linear model” (represented in the compiler as” lm ()”) a model was 

predicted. The information obtained from this first experiment and the process of iteration 

is detailed below. 
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 After simulating the electricity consumption dependable of the ten variables 

recollected by the author, R gives as an output the ANOVA analysis of the regression model. 

This ANOVA analysis is achieved utilizing the function “summary ()” in the compiler. 

 Three parameters need to be verified in accordance with this thesis' methodology.  

1. The coefficient of determination for a linear model including the total features 

tabulated (10 sociodemographic variables) is valid. This acceptance is because the 

requirement was met, the R2 for this model is 0.8607 which is greater than 0.7.  

 

Figure 55: ANOVA analysis in RStudio (R2) 

              Source: Own Elaboration through RStudio  

2. Following the methodology, another requirement must be satisfied, the p-value of 

the general model must less than 0.05 meaning that the overall model is significant. 

This linear model of 10 variables independent meets the requirement because the 

value of general p-value is less than 2.2e-16. 
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Figure 56: ANOVA analysis in RStudio (general p-value) 

              Source: Own Elaboration through RStudio  

3. Another condition for the ANOVA analysis is to determine that the slope 

coefficients are significant (greater that 0 in absolute value). 

 

Figure 57: ANOVA analysis in RStudio (Slope coefficients) 

Source: Own Elaboration through RStudio  

This requirement is met by every independent variable of this model, comparing the 

“Estimate” column as absolute values to zero, all result significant. 
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4. The last parameter to be checked is the p-value for each independent variable. 

Each p-value must be less than 0.05 to be valid for this thesis methodology. This 

happens only with the variable x4, x5 and x8 for this first model of the regression 

function. 

 

Figure 58: ANOVA analysis in RStudio (each p-value) 

Source: Own Elaboration through RStudio  

 

Using the function “forest model ()” and transforming the output into a portable 

network graphics document, the subsequent table is achieved. 
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Figure 59:Summary of linear regression model with 10 independent variables 

Source: Own elaboration through RStudio 

From the model of ten variables already discussed, a fast way to discard variables that are 

not significant to the model based on the p-value is utilizing the function in R called 

“ols_step_both_p” which gives as an output a set of variables that work together as a model 

where all variables are significant. 

In Figure 62 the result is shown where x4, x5 x8 and x2 are the only variables remaining. 

 

Figure 60: Output of the function ols_step_both_p () 
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Source: Own elaboration through RStudio 

 

Opting now only for income per capita (x4), industrialization level (x5), electrical coverage (x8) 

and urbanization level (x2) as the independent variables, a new linear model is created with 

the function “lm ()” obtaining the subsequent results. 

 

 

Figure 61: ANOVA analysis of final linear regression model 

Source: Own elaboration through RStudio 

Where:  

1. The slope coefficients are not insignificant- 

2. The p-value for each variable is less than 0.05. 

3. The adjusted R-squared or coefficient of determination (R2) is greater than 0.7 

4. P-value for the model is less than 0.05.  

With these four characteristics it is concluded that the model is valid. Being defined by the 

next equation. 

𝑦 = −908.6 + 0.357𝑥5 + 4.11𝑥4 + 2751𝑥2 − 24900𝑥8 

Equation 27: Final multiple linear regression model 

Source: Own deduction through RStudio  

1. 2. 

3 and 4 
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Where:  

▪ 𝑦 is electricity consumption [MWh] 

▪ 𝑥4 is income per capita [L.] 

▪ 𝑥5 is industrialization level [habitants that work in commercial and industrial sector] 

▪ 𝑥2 is urbanization level [%] 

▪ 𝑥8 is the electrical coverage [%]   

 More information about the model can be achieved in the subsequent table. 

 

Table 5: Final multiple linear regression model parameters 

Source: Own elaboration with information from final regression model obtained through 

RStudio 

The code for the multiple linear regression can be found in Annex 2. 

5.3.2 QUANTILE REGRESSION MODEL  

A multiple linear model was already obtained to predict the consumption of electricity based 

on the industrialization level, per capita income, urbanization level, and electrical coverage 

per municipality. The function is described in section 5.3.1 as Equation 33. However, a 

challenge is faced. Utilizing this function, negative numbers appear as an answer of electricity 
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consumption (y), which is impossible because ranges of electricity consumption can only be 

positive. 

Because of that matter, quantile regression is taken into consideration. Quantile regression 

gives a result of the dependent variable as a range based on the probability of the value. For 

instance, applying quantile regression to the model discussed in section 5.3.1 will entail 

generating a range of values for Electricity Consumption per each municipality. 

 The accumulative probability of a value happening is also called quantile level. A quantile 

regression indicates a function per each quantile studied. For this study the quantile levels 

considered will be when 𝜏 is equal to 0.05 and when 𝜏 is equal to 0.95. The value 𝜏 was 

defined in Chapter 3 Section 3.3.4 as well as this regression method. 

Table 6: Example of ranges of electricity consumption per municipality 

Municipality: XX 𝝉 = 0.05 𝝉 = 0.95 

Electricity Consumption [MWh] -40 500 

Source: Own elaboration  

The ranges achieved will vary from the value that has 5% of probability of occurrence to the 

value that has 95% of accumulative probability of occurrence. Understanding by this, that 

the real value of consumption can vary between these two values. This range is not exempt 

of negative values but for this thesis, negative values will be considered equal to zero. 

Table 7: Example of ranges of electricity consumption when negatives are discarded 

Municipality: XX 𝝉 = 0.05 𝝉 = 0.95 

Electricity Consumption [MWh] 0 (before -40) 500 

Source: Own elaboration  

The quantile regression will be done in RStudio. The library “quantreg” must be downloaded. 

Inside this library, the function “regression quantile” found in the compiler as rq () should be 

used to enter the data tabulated in excel. Utilizing the library “readxl” the tabulated excel 

data will be available. The code for the quantile regression in R can be found in Annex 3.  
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The results of the quantile regression based on four independent variables are shown below: 

 

Figure 62: ANOVA Analysis for quantile regression where 𝝉 = 0.05 

Source: Own elaboration through RStudio  

For both scenarios, when the quantile level is equal to 0.05 and 0.95, the independent 

variables x4, x8 and x2 show p-values that exceed the 0.05 value, this means a low significance 

for the model.  

 

Figure 63: ANOVA Analysis for quantile regression where τ= 0.95 

Source: Own elaboration through RStudio  

Just the variable of industrialization level (x5) maintains a value valid as a p-value in both 

scenarios. That is why only this variable will be considered for the quantile regression model. 

 

 

Table 8: Quantile regression model for tau equal to 0.05 and 0.95 

Quantile regression model  𝝉 = 0.05 𝝉 = 0.95 

Intercept -212.44977 -31.28594 

Coefficient  0.20019 0.65464 
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Source: Own elaboration with information from simulations of RStudio  

The respective functions can be obtained through Table 8 

𝑦 = −212.44977 + 0.20019 ∙ 𝑥5 

Equation 28: Quantile Regression for tau equal to 0.05 

Source: Own deduction from information and library of RStudio 

𝑦 =  −31.28594 + 0.65464 ∙ 𝑥5 

Equation 29: Quantile Regression for tau equal to 0.95 

Source: Own deduction from information and library of RStudio 

In both cases:  

▪ 𝑦 is electricity consumption [MWh] 

▪ 𝑥5 is industrialization level [habitants that work in commercial and industrial sector] 

 

For this research, the maximum electrical demand will be considered per each municipality. 

For planning generation, the worst-case scenario (maximum demand) must be 

contemplated for this reason the quantile regression for tau equal to 0.95 is considered as 

the final quantile regression. 
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Figure 64: Quantile linear regression model for electricity consumption 

            Source: Own Elaboration in RStudio 

A comparison between the multiple regression model and the quantile univariable 

regression model for the data obtained for the 39 municipalities remaining is shown in Annex 

4. 

5.4 GLOBAL DATA VISUALIZATION RESULTS  

 In this section a departmental analysis will be carried on. The total electricity 

consumption, per capita electricity consumption, and electricity density will be calculated for 

each department as it was done in the first section per municipality. Finally, it is studied what 

percentage of departmental consumption represent each municipal consumption. The 

figures shown in this section are available in Tableau Public  (Munguía Deras, 2022). In this 

document only the analysis of Atlántida will be carried out, if the reader would like to 

investigate further the departmental analysis of the 17 remaining departments this could be 

achieved accessing to Annex 10. 
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5.4.1 ATLÁNTIDA DEPARTMENT  

Atlántida is in the north of Honduras. It is composed by eight municipalities. 

Table 9: Electricity consumption characteristics of Atlántida 

Atlántida 

Electricity Consumption 

[MWh] 

Per capita electricity consumption 

[kWh/hab] 

Electricity Density 

[kWh/m2] 

25,216.56 51.10 5.86 

Source: Own elaboration with information obtained via email from  (EEH , 2022)  

With the cartographic tool created in Tableau electrical consumption is easy to track, the 

choropleth map of electricity consumption for Atlántida is shown below.  

 

Figure 65: Choropleth map of electricity consumption in Atlántida 

Source: Own elaboration with information obtained via email from  (EEH , 2022) 

In Atlántida, La Ceiba is the municipality with the highest electricity consumption, accounting 

for 61% of the department's total consumption. Arizona, in the other hand, barely registers 

in terms of overall consumption. 

Table 10: Percentages of electricity consumption for Atlántida municipalities 
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Source: Own elaboration with information obtained via email from  (EEH , 2022) 

 

Figure 66: Choropleth map of electricity density in Atlántida 

Source: Own elaboration with information obtained via email from  (EEH , 2022) 

 

The only municipality in Atlántida in which the range of electricity density is between 10 and 

50 kWh/m2 is La Ceiba. 

Municipality Percentage 

La Ceiba 60.9% 
Tela 24.1% 
La Masica 4.1% 
El Porvenir 4.0% 
San Francisco 3.1% 
Jutiapa 2.4% 
Esparta 0.8% 
Arizona 0.4% 
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Figure 67: Choropleth map of electricity consumption per capita in Atlántida  

Source: Own elaboration with information obtained via email from  (EEH , 2022) 

La Ceiba has a greater total electricity consumption; however, in comparison between 

municipalities for the electricity consumption per capita La Ceiba and Tela exhibit similar 

behavior, both comprehend ranges of 50 to 100 kWh per capita. 

 

Figure 68: Choropleth Map of electricity consumption per subscriber in Atlántida 

Source: Own elaboration with information obtained via email from  (EEH , 2022) 
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San Francisco shows a higher consumption per subscriber in comparison to its value of 

electricity consumption per capita. 
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5.5 SECTORIAL ANALYSIS  

In this section a multiple regression model is obtained for residential, commercial, and 

industrial consumption. This regression analysis is not done with the purpose of finding a 

function that predicts the demand but to understand which variables might affect the 

residential consumption.  

Besides the multiple regression model, an analysis is done for each main sector: residential, 

commercial, and industrial.  

• In the residential sector, there is a discussion about consumption per household and 

how much of the mean income of a household is utilized to cover electricity 

consumption needs in each municipality. 

• In the commercial sector, there is a discussion about which type of commerce has 

greater influence in the electricity consumption at commercial level. 

• In the industrial sector, there is a discussion about which industries have greater 

influence in the electricity consumption at industrial level.  

5.5.1 RESIDENTIAL SECTOR  

In Annex 5 the table where residential electricity consumption is tabulated for each one of 

the 259 municipalities is found this information was obtained from EEH in 2022. The analysis 

of the residential sector will consider two parts: the regression analysis and the consumption 

analysis. 

a) Multiple regression model for residential consumption of electricity 

For the multiple regression model for residential consumption the same methodology 

explained in section 5.4.1 was applied.  

First, 10 independent variables were considered to train the model in RStudio, the dependent 

variable to be predicted is the electricity consumption in the residential sector. 

 

Table 11: Variables considered for residential consumption model 
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Characteristics  Variable assigned  

Residential Electricity Consumption [kWh] Y  

Population [inhabitant] X1 

Income [lempiras] X2 

Ethnic Population [inhabitants] X3 

Urbanization Level [inhabitants] X4 

Industrial Level [inhabitants] X5 

HDI [-] X6 

Electricity Usage for illumination [cases] X7 

Electricity Usage for cooking [cases] X8 

Electricity coverage [inhabitants] X9 

Households with electrical coverage 

[cases] 

X10 

Source: Own elaboration with information obtained via email from  (EEH , 2022) 

 

Now that the 10 variables are recognized, in RStudio the “lm ()” function is called to introduce 

the data to the program and the” summary ()” function is called to obtain information about 

the model.  
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Figure 69: First simulation of residential consumption regression model 

Source: Own elaboration through RStudio  

Figure 138 provides information about the model of residential consumption; in rectangle 

one: the coefficient values are significant for all the dependent variables, in rectangle two: 

the p-values are only less than 0.05 for the variables X2, X5, X9 and X10. In rectangle 3 the 

coefficient of determination shown called Adjusted-R2 is greater than 0.7. 

From the model of ten variables already discussed, a fast way to discard variables that are 

not significant to the model based on the p-value is utilizing the function in R called 

“ols_step_both_p” which gives as an output a set of variables that work together as a model 

where all variables are significant. 

Figure 138 reveals that only X10, X9 and X5 are significant for the model. 

 

Figure 70: Output of the function ols_step_both_p () for the residential sector 

Source: Own elaboration through RStudio  

1. 2. 

3. 
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Opting now only for electricity coverage (x9), industrial level (x5), and households with 

electrical coverage (x10) as the independent variables, a new linear model is created with the 

function “lm ()” obtaining the subsequent results. 

 

Figure 71: ANOVA analysis of final regression model for residential sector 

Source: Own elaboration through RStudio  

In Figure 140, the best fitted model obtained through RStudio is shown, is important to note 

that:  

1. The estimated coefficients are significant. 

2. The p-values are less than 0.05, meaning that each variable is significant in the model. 

3. The coefficient of determination is greater than 0.7, therefore acceptable.  

Finally, the followed-up equation is obtained: 

𝑦 = 29652.51 + 103.01𝑥10 − 22.84𝑥9 + 114.72𝑥5 

Equation 30: Final regression model to predict residential electricity consumption 

Source: Own elaboration with information obtained from RStudio 

 

1. 2. 

3. 



121 

 

b) Residential consumption analysis 

An analysis of consumption per household will be described in this section. Likewise, an 

economic analysis of the budget that Honduran families must manage to pay for the 

electrical services is conducted. 

To obtain the electrical consumption per household (EPCH), it was required the residential 

consumption for each municipality which was already obtained in Subsection A of the 5.5.1 

Section and to know the number of households that are covered electrically in each 

municipality, which is the variable X10 introduced in in Subsection A. This data was found in 

(Empresa Nacional de Energía Eléctrica, 2019). 

To obtain the electricity consumption per household for each municipality the subsequent 

equation must be utilized:  

ECPH =
Residential electricity consumption [kWh]

Households with electrical coverage [cases]
 

Equation 31: Definition of electricity consumption per household 

Source: Own deduction 

The electricity consumption per household in a month was obtained for every municipality, 

In Annex 6 this data can be found.  

For the original data (259 municipalities) Santa Rita in Yoro is the municipality that consumes 

the most per household. In Santa Rita, on average, a house consumes 258 kWh per month.  

Considering the 30 municipalities that consume the most at the household level, like in 

Figure 140, only Santa Rita, Bonito Oriental, and Valle de Ángeles exceed the consumption 

of 200 kWh per household while the rest maintain a consumption between 180 to 110 kWh 

in a month of electricity consumption. 
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Figure 72: Radar Graph of electricity consumption per household in Honduras' 

municipalities considering the top 30 consumers 

Source: Own elaboration with information obtained via email from  (EEH , 2022) 

A comparison is made between the lowest consumption per household in Arizona and the 

greatest consumption of electricity per household in Santa Rita. In between the important 

municipalities of San Pedro Sula and Distrito Central are shown.  

The consumption in Santa Rita is 11,727 times higher per household than in Arizona, this 

again, shows how inequal electricity consumption is distributed in the national territory.  
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Figure 73: Comparison between consumptions in municipalities 

Source: Own elaboration with information obtained via email from  (EEH , 2022) 

Those who have large consumptions will also be the ones who will pay more for electricity 

because in Honduras currently a payment of fixed rate electricity service is contemplated. 

For the residential sector, the first 50 kWh consumed are fixed in certain tariff (cheaper than 

the normal tariff), if the consumption is greater than 50 kWh then the tariff changes. In Table 

46 this is better explained.  

Table 12: Residential Tariff for June-August trimester 

Residential Sector  Electricity Price [$/kWh] 

First 50 kWh consumed 0.1792 

The following consumption of kWh 0.2331  

Source: Own elaboration based on (CREE, 2022) 

To clarify this concept an example is postulated. A household where 150 kWh were 

consumed is going to pay: 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 = (50𝑘𝑊ℎ ∙
0.1792 $

𝑘𝑊ℎ
) + ((150 𝑘𝑊ℎ − 50 𝑘𝑊ℎ) ∙

0.2331 $

𝑘𝑊ℎ
) 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 = $ 31.85 

258

168

160

0.022

0 50 100 150 200 250 300

Santa Rita

Distrito
Central

San Pedro
Sula

Arizona

Electricity consumption per household [kWh]



124 

 

Because of this tariff, the consumption is proportional to the budget destined to the 

electricity consumption and has the intercept that represents the change in tariff in the limit 

of 50 kWh. 

 

Figure 74: Relationship between electricity consumption and electricity budget 

Source: Own elaboration with information obtained via email from  (EEH , 2022) 

In Arizona, 0.0039 dollars is the budget destined to electricity consumption per household 

whereas in Distrito Central 36 dollars must be pay every month in average per household. In 

Santa Rita, Bonito oriental and Valle de Ángeles more than 45 dollars are destined to pay 

the electricity distribution company.  

A great question arrives from this variability of budgets in distinct regions of Honduras, how 

much of the salary or income of a family represents the electrical bill.  

According to (Cámara de Comercio de Cortés, 2021) the minimum wage varies depending 

on the sector of the economy in which one works. If an inhabitant performs in activities such 

as agriculture or hunting and fishing the minimum wage is L. 7,033.88, on the other hand, if 

an inhabitant works in financial establishments and real estate the minimum wage goes up 

to L.13,346.47. 
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Worst-case scenario with a wage of L. 7,033.88 in San Pedro Sula or Distrito Central, almost 

the 15% of the salary of an inhabitant (assuming just one member of the family works in the 

household) is destined to the electrical services budget. In the best-case scenario, with a 

wage of L.13,346.47 only 6% to 7% is destined to the electricity consumption payment. 

 

Figure 75: Comparison of best-case and worst-case scenario based on electricity 

budget 

Source: Own elaboration with information obtained via email from  (EEH , 2022) 

The percentage of salary destined to the electricity consumption payment can be found in 

Annex 7 for each municipality. 

It is crucial to mention that 58% of jobs in Honduras are informal and no one guarantees the 

minimum wage under these conditions ( Banco Mundial, 2020). The poverty level reached in 

2020, 70% of the population in Honduras, meaning that this percentage of the population 

cannot even afford to meet their basic needs let alone electricity service.  
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Even though the worst-case scenario in this investigation is presented based on the 

minimum wage, there are worst scenarios for Honduran families that live in poverty and 

work informal jobs. 

5.5.2 COMMERCIAL SECTOR 

As well as it was done for the residential sector, a regression model will be obtained for 

commercial sector and an analysis of the consumption will be done. In Annex 5 the table 

where commercial electricity consumption is tabulated for each one of the 259 municipalities 

is found this information was obtained from EEH in 2022.  

a) Multiple regression model for commercial consumption of electricity  

For the multiple regression model for commercial consumption the same methodology 

explained in section 5.4.1 was applied.  

First, eight independent variables were considered to train the model in RStudio, the 

dependent variable to be predicted is the electricity consumption in the commercial sector. 

 

Table 13: Variables considered for commercial consumption model 

Characteristics  Variable 

assigned  

Commercial Electricity Consumption [kWh] Y  

Inhabitants working on wholesale and retail trade, repair of motor vehicles and 

motorcycles 

X1 

Inhabitants working on transport and storage X2 

Inhabitants working on Lodging and catering (hotel and restaurant) X3 

Inhabitants working on information and communications X4 

Inhabitants working on financial and insurance  X5 

Inhabitants working on real estate  X6 
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Inhabitants working in professional, scientific, and technical activities X7 

Inhabitants working on administrative and support services activities X8 

Source: Own elaboration with information obtained from  (INE, 2013) 

All the variables named in Table 47 are part of the variable “number of inhabitants working 

per economical sector [cases]” presented in 5.3. These variables were obtained from the 

INE (2013) and each one represents the value of inhabitants that work in the distinct 

businesses of the sector.  The values for these eight variables can be found in Annex 8. 

For this thesis, it is assumed that a greater quantity of inhabitants working in certain type of 

business represents that there is a greater quantity of this business in the municipality. This 

asseveration is made due to the lack of data in the country. The ideal scenario would be to 

explore the number of businesses of a certain type in the commercial sector and to 

determined variables based on this quantity (not in the quantity of inhabitants working in 

the business).  

The regression model to determine a function of commercial consumption where there are 

eight independent variables is obtained through RStudio, as well as the residential 

regression model and the general regression model. The subsequent results are obtained: 

 

Figure 76: First simulation of regression model for electricity consumption in the 

commercial sector 

Source: Own elaboration through RStudio  
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For the variables x8 and x5 the p-value is not acceptable in Figure 146, therefore they are 

discarded from the regression model. 

 

Figure 77: Final regression model for commercial electricity consumption 

Source: Own elaboration through RStudio  

For the model shown in Figure 146 and 147 the independent variables were normalized 

being divided by the maximum value of the row. With the purpose of obtaining 

representative slope coefficients and understand which independent variables has greater 

influence in the final consumption.  

In Figure 147, it can be distinguished that X7, X1 and X3, in the respective order have 

estimated coefficients of 133,748,031 and 31,818,783 and 51,213,540. Having businesses that 

work in scientific areas the greatest influence in the consumption of electrical energy. 

 Obtaining the final equation that describes the behavior of the demand: 

𝑦 = −48609 + 51,213,540 ∙ 𝑥1 − 8,696,546 ∙ 𝑥2 + 31,818,783𝑥3 − 140,311,194𝑥4

− 31455581𝑥6 + 133748031𝑥7  

Equation 32: Regression model for commercial electricity consumption 

Source: Own elaboration through RStudio  
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b) Commercial consumption analysis 

It was already discussed in the subsection a, that X7, X1 and X3 have positive influence in the 

total value of electricity consumption; this shows that the businesses of wholesale and retail 

trade, repair of motor vehicles and motorcycles (X1), hotels and restaurants (X3) and businesses that 

work in scientific areas (X7) have great influence in the final consumption of the commercial sector. 

 

Figure 78: Relationship between inhabitants that work in the commercial sector 

versus electricity consumption in the commercial sector 

Source: Own elaboration from information obtained via email from  (EEH , 2022) 

A relationship between the sum of the eight variables presented in Table 47 and the consumption of 

electricity in the sector is shown in Figure 148. The relationship is linear and shows a high coefficient 

of determination. Which indicates the greater amount of people working in a sector, the greater 

consumption this sector could have. 

In Annex 5, the data of residential consumption per municipality as well as the data of 

commercial consumption per municipality can be found. 
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5.5.3 INDUSTRIAL SECTOR  

As well as it was done for the residential and commercial sector, a regression model will be 

obtained for the industrial sector and an analysis of the consumption will be done. In Annex 

5, the data of residential and commercial consumption per municipality (259) as well as the 

data of industrial consumption can be found.  

a) Multiple regression model for industrial consumption of electricity  

For the multiple regression model for industrial consumption the same methodology 

explained in section 5.4.1 was applied.  

First, eight independent variables were considered to train the model in RStudio, the 

dependent variable to be predicted is the electricity consumption in the industrial sector. 

 

Table 14: Variables considered for industrial consumption model 

Characteristics  Variable 

assigned  

Commercial Electricity Consumption [kWh] Y  

Inhabitants working on agriculture, forestry, and fishing X1 

Inhabitants working on mining  X2 

Inhabitants working on manufacturing industries X3 

Inhabitants working on supplying of electricity, gas, steam, and air conditioning X4 

Inhabitants working on water supply, sewage disposal, waste management  

and decontamination 

X5 

Inhabitants working on construction X6 

Source: Own elaboration with information obtained from  (INE, 2013) 
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All the variables named in Table 48 are part of the variable “number of inhabitants working 

per economical sector [cases]” presented in 5.3. These variables were obtained from the INE 

(2013) and each one represents the value of inhabitants that work in the distinct businesses 

of the industrial sector. The values for these six variables can be found in Annex 9. 

The regression model to determine a function of industrial consumption where there are six 

independent variables is obtained through RStudio, as well as the residential regression 

model and the commercial model. The subsequent results are obtained: 

 

Figure 79: First simulation of regression model for electricity consumption in the 

industrial sector 

Source: Own elaboration through RStudio 

The Adjusted R2 is valid as well as the estimated coefficients. On the contrary, the p-values 

(marked with the blue box) are not all valid. Those that are not acceptable should be 

discarded. A fast way to discard variables that are not significant to the model based on the 

p-value is utilizing the function in R called “ols_step_both_p” which gives as an output a set 

of variables that work together as a model where all variables are significant. 
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Figure 80: Output of the function ols_step_both_p () for the industrial sector 

Source: Own elaboration through RStudio 

The significant variables for this model are inhabitants working on mining (X2), inhabitants 

working on manufacturing industries (X3) and inhabitants working on construction (X6) according to 

the output of the “ols_step_both_p” function. 

 

Figure 81: Final simulation of regression model for electricity consumption in the 

industrial sector 

Source: Own elaboration through RStudio 

In Figure 149, all the parameters are valid. Obtaining the final equation that describes the 

behavior of the consumption of industrial electricity: 

𝑦 = −57,946 + 69,144,361𝑥3 + 3,452,642𝑥2 − 4,6304,105𝑥6 

Equation 33: Final regression model to predict industrial electricity consumption 

Based on the estimated coefficients, X3 which represents the inhabitants working on 

manufacturing industries has the highest impact in the dependent variable because it presents the 
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highest coefficient. The manufacturing industries are followed by the mining activities which also have 

a positive a big value in the total consumption of the sector. 

b) Industrial consumption analysis 

The variables that had a positive impact in consumption were manufacturing industries and 

mining, the sum of the workers that belong to the two sectors is in Figure 150 represented 

by the x-axis and the electricity consumption of the industrial sector is represented by the 

y-axis. 

 

Figure 82:Relationship between inhabitants that work in the industrial sector versus 

electricity consumption in the industrial sector 

Source: Own elaboration from information obtained via email from  (EEH , 2022) 
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VI. CONCLUSIONS 

A cartographic interactive tool to locate the electricity consumption of March 2022 per each 

municipality in Honduras was developed in Tableau. Besides, an analysis of the correlation 

between sociodemographic variables and electricity consumption in Honduras was achieved 

in Excel, as well as a regression model to acquire electricity consumption per municipality 

based on significant sociodemographic variable. These processes revealed that the 

consumption of electricity in Honduras is unequal, only 18 municipalities of the 259 studied 

represent 80% of the electrical consumption of the country, i.e., only 7% of the municipalities 

consumed 80% of the electrical resources. A little less than half of the population uses 80% 

of the electricity, while the other half uses only 20%. Deeper analysis of the electricity 

consumption in Honduras revealed the following results: 

 

1. The highest consumers of electricity are San Pedro Sula, Central District, Villanueva 

and Choloma. Per capita electricity consumption is led by Las Vegas, Sabá, Villanueva 

and Colón. Electricity consumption per square meter is led by San Pedro Sula, 

Villanueva and Choloma. The municipality of Sabá in Colón, the municipality of La 

Unión in Copán and the municipality of Las Vegas in Santa Bárbara stand out as 

exceptional cases in this investigation. This is due to its high electricity consumption 

capita and per area, however, it has been distinguished that these high rates are due 

to the industrial sector and are not related to the population or the area. 

 

2. A pattern is recognized when analyzing departmental consumption, in half of the 

departments there is a municipality inside of the department that accounts for more 

than 50% of the departmental consumption. For example, in Cortés, San Pedro Sula 

represents 55% of the electricity consumption of the department. 
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3. The lack of municipalities that show dark color in the interactive choropleth map tool 

in Tableau to track monthly electricity consumption, proves the inequality in the 

electricity consumption in Honduras.  

 

4. When analyzing the variables proposed for the multiple regression model, it is 

concluded that only income per capita (x4), industrialization level (x5), electrical 

coverage (x8) and urbanization level (x2) are significant when determining electrical 

energy consumption.  

 

5. The residential sector in Honduras is the one that consumes the most electricity in 

the country. Santa Rita is recognized as the department in which the greater 

consumption per household is achieved. In the commercial sector, the businesses 

that refer to the scientific area are the ones that consume the most. Whereas, in the 

industrial area the manufacturing industries have the greatest impact in the total 

consumption of the sector. 

 

The main limitation of this work is the lack of data of monthly consumption, only the 

consumption for March 2022 is presented in the Tableau tool. The data of other months of 

2022 exists but it is not of public access. The author explored only the consumption for 

March 2022 provided by the electrical utility company (EEH) via email because of the time 

limitation to achieve results. The consideration of more data in the data visualization tool, 

normalization of independent variables and use a logarithmic function to obtain only 

positive values as electricity consumption could be an objective for fellow researchers. 

 

Despite this limitation, we believe that this work can serve as a guideline for further 

investigations. Other investigators could contact EEH to map the monthly consumption for 

the whole year of 2022 or even electricity consumption of ten year back to explore 

tendencies.  
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VII. RECOMMENDATIONS  

• Explore the social and economic conditions of the outliers such as the municipalities 

of Sabá, La Vegas and La Unión to recognize the cause of the deviation. 

• Opt to decentralize industries (having multiple facilities that cover large areas 

distributed close to customers) to improve the distribution of electricity demand in 

the national territory. 

• Accelerate the industrialization level and urbanization level in various municipalities 

to increase the electricity consumption of the region and with it increase the human 

development index.  

• Improve the actual legislation in concern to the topic of distributed generation to 

activate investment in residential and commercial sector to install distributed energy 

systems such as photovoltaic technology.  
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VIII. APPLICABILITY 

The data visualization tool in Tableau can be applied so that the public in general, but above 

all, decision makers can inspect the consumption of their municipality and, with respect to 

it, make energy planning decisions focused on the decentralization of energy generation. 

The consumption per sector is available in the geospatial information tool in Tableau. When 

the draft of law: “Law for the Rational and Efficient Use of Energy” becomes public in La 

Gaceta the top priority must be that the sector that consumes the most in each municipality 

must be the one that makes the greatest efforts towards energy efficiency.  

The regression model studied reveals which variables are significant to determined electricity 

consumption. Knowing that income per capita, industrialization level, electrical coverage and 

urbanization level are the main variables when studying electricity, municipalities could try 

to increase these variables and therefore increase electricity consumption in the region 

which might bring human and economic development to the municipal territory. 
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