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Abstract: Over time, several relationships have been defined between electricity consumption and
a region’s social and economic variables, with income as the main factor. This paper uses multiple
correspondence analysis to identify the categories of dwellings and, from a graphical point of view
(positioning maps), the effects of the different characteristics that influence the electricity consump-
tion of households in rural areas of Cundinamarca, Colombia. In this analysis, the consumption
of residential users responded mainly to what they can afford or acquire based on their income,
consumption habits, and the characteristics of the technology. Furthermore, this study highlights the
implications of these findings for policymakers and energy providers, providing valuable insights
for developing targeted strategies to promote energy efficiency and sustainability in rural areas.
This research contributes to a deeper understanding of the dynamics of electricity consumption and
highlights the importance of tailoring energy-related interventions to the specific socio-economic
context of rural communities, in this case in Cundinamarca.
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1. Introduction

In several countries, understanding the intricate dynamics of energy consumption
in rural households is of paramount importance, revolving around three fundamental
pillars: (a) energy for cooking, an indispensable necessity for all households; (b) energy
for heating, critical for basic survival; and (c) electricity for powering various household
activities, including study, work, food preparation, and entertainment [1–3]. The behavior
of electricity in rural households presents some unique characteristics and challenges that
differ from those in urban households [4]. Often, the availability and reliability of electricity
in these areas can be limited, which influences how residents use electricity [5]. In addition,
some rural households may have limited access to modern appliances due to reliance on
traditional energy sources such as firewood or charcoal, and they use more rudimentary
technologies instead [2,4].

In 2022, global electricity’s share in final energy consumption remained steady at
20.4%, a three-point increase since 2010. Notable growth in electrification was seen in Asia,
especially in China, while the Middle East and Latin America also experienced increases.
However, regions like North America, Europe, Australia, and Africa maintained relatively
stable levels of electrification [6]. Globally, households consume a significant amount
of electricity, with estimated figures suggesting that the residential sector accounts for
around 20% of total electricity consumption [7,8], and a third of the final electricity in
the EU is consumed by households [9]. In Colombia, the residential sector represents a
significant portion, approximately 20% of the country’s total energy consumption [10].
Energy-intensive refrigeration, lighting, and cooking needs mainly contribute to that figure.
Households predominantly rely on electricity and fuelwood to meet these needs, which
account for about 31% and 28% of the total energy market, respectively [10]. While urban
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areas have increasingly been adopting energy-efficient appliances, rural areas rely on
traditional energy sources such as firewood, charcoal, and rudimentary tools [10]. It is
worth noting, however, that each region within a country has unique dynamics in energy
use and availability of energy sources, making it essential to tailor energy policies and
programs to specific regional contexts.

Most research on household energy consumption focuses on the energy ladder [4,11–15];
this theory indicates that households tend to move from more polluting and less efficient
energy sources to cleaner and more efficient energy sources as their income increases and
their access to energy technologies and services improves, with electricity at the top of the
ladder. Therefore, the socio-economic status of each household plays a central role in shap-
ing these energy consumption patterns, as higher incomes often lead to increased energy
access and use [2,16–21]. However, a comprehensive understanding of rural household
energy behavior requires a more holistic approach considering various social variables,
including housing construction characteristics and the use of electrical and electronic appli-
ances [1,2,16–19,22–28]. Furthermore, it is crucial to highlight that, in order to deal with
this complexity, simple approaches that allow these variables to be effectively grouped
are needed. In this sense, clear and concise graphs are one of the best tools to represent
and understand the relationships between these variables. These graphs simplify the
visualization of complex data and make it easy to identify significant patterns and trends
in the energy behavior of rural households.

This paper presents an innovative methodology to analyze and identify the factors
differentiating electricity consumption patterns among households in rural Colombia. To
achieve this, data obtained from the Sustainable Rural Electrification Programs (PERS, in
Spanish) were used (https://sig.upme.gov.co/SIPERS/TableuResources, accessed on 28
January 2024), advanced statistical techniques, such as multiple correspondence analysis,
were applied, and visual mapping techniques to provide a graphical representation of the
findings were employed. The novelty lies in the simplicity and effectiveness of using the po-
sitioning map to identify relationships between multiple variables with different categories.
Understanding the factors that influence household energy use in rural areas allows us to
understand the energy needs of these communities, which in some cases are economically
lagging behind urban areas, facilitating the planning of electrical infrastructure and the
more efficient allocation of resources. It also helps to identify areas of opportunity to
promote more efficient practices and technologies in the use of electrical energy in the
household. This may include awareness campaigns, incentive programs for the purchase
of efficient appliances, and guidance on more economical and environmentally friendly
consumption habits. This case study focused on Cundinamarca, which provides a diverse
and representative sample of rural energy consumption in Colombia.

The structure of this paper is as follows: Section 2 discusses the multifaceted factors
associated with household energy consumption in rural areas. It also provides a detailed
description of the PERS, highlighting their objectives and methodology. Section 3 presents
the multiple correspondence analysis methodology and criteria used for its implementa-
tion in this study. Analysis and discussion are included in later sections, where the main
findings, in the context of rural energy consumption in Cundinamarca, are presented and
interpreted. Finally, the conclusions summarize this research’s critical findings, implica-
tions, and avenues for further exploration in rural energy consumption dynamics and
policy formulation.

2. Review of Related Literature

Universal access to energy has emerged as a top priority in both global and local policy
landscapes [5,12,29,30]. Pursuing Sustainable Development Goals (SDGs) through energy
use requires a deep understanding of how individuals interact with energy consumption
and the multiple factors that shape their behavior in this regard [2,3,29,30].

Research has unraveled the complex dynamics of energy use and utilization of appli-
ances with respect to household income and energy availability [9,27,28,31–37]. Economic
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and technical models have been enriched by incorporating social and psychological vari-
ables to improve the accuracy of energy consumption estimated figures [1,21,38]. These
models include a lot of social variables that underpin decision-making processes related to
energy use [21,38,39].

It is important to consider, for example, reference [40], which postulates intricate link-
ages between clusters of variables that include housing characteristics, socio-demographic
factors, energy-related attitudes, price considerations, and feedback information on energy
use. Stern’s model, as detailed in [38], integrates individual elements (such as attitude,
habit, and routine) alongside contextual factors (comprising external conditions and per-
sonal capabilities) to construct a multifaceted framework. In [41], a comprehensive social–
psychological model of energy use behavior is presented, which includes two sets of factors
(psychological and positional) that interact in a complex manner to prompt users to make
proactive choices that either facilitate or hinder their energy-related actions. At the same
time, Ref. [42] notes that both micro-level factors (such as preferences, values, attitudes,
and opportunities) and macro-level factors (including socio-cultural changes, technological
advances, economic and demographic trends, regulations, and policies) have a substantial
influence on household energy consumption.

In summary, the literature vividly depicts energy consumption as the product of a
complex interplay of multiple variables, including individual and situational factors (as
shown in Figure 1) [39].
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Figure 1. Individual (socio-demographic and psychological) and situational (contextual and struc-
tural) factors can profoundly influence household energy choices and consumption. This model,
adapted from [31], underscores the intricate web of forces at play in household energy behavior,
promoting a holistic understanding of this crucial facet of sustainability and development.

However, it is important to recognize that more comprehensive approaches have
been implemented primarily in developed countries and urban areas. While a three-
dimensional energy profile framework has been introduced to assess energy use in rural
households, it is essential to recognize that numerous factors can influence this profile
through complex, linked, and reciprocal relationships [38]. This framework deliberately
avoids overemphasizing income and gives equal importance to other variables, including
energy availability, affordability, conversion technologies, household size, and various
contextual factors.

While several papers have addressed the factors influencing household electricity
consumption [1,5,19,24,43,44], it is noteworthy that very few of these studies have explic-
itly focused on energy consumption patterns within rural households. Considering this
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research gap and drawing insights from the reviewed literature, as well as data collected
through the Household Energy Consumption and Use Survey conducted as part of the
Sustainable Rural Electrification Programs (PERS), this study undertakes a qualitative
classification of variables and characteristics, distinguishing between endogenous and
exogenous factors related to household energy consumption. These distinctions are critical
components of the under-development model.

To explore the explanatory variables that influence electricity consumption, we em-
ployed an inductive (ad hoc) analysis, drawing insights from selected scientific papers
that examine the underlying relationships with respect to household electricity consump-
tion [16,19,24,43,44]. It is essential to clarify that this exploratory study aims to avoid
drawing quantitative conclusions about the importance of these factors. Rather, its primary
objective is to conceptually illuminate the intricate inter-relationships among the explana-
tory variables, thus providing a qualitative framework for understanding the complex
dynamics that govern household electricity consumption.

Data compiled in Tables 1–6, which illustrate the various interactions within house-
holds, are used to depict these qualitative relationships. This presentation helps to convey
the impacts of these variables on energy consumption. It is worth emphasizing that certain
variables exert influence on the characteristics of others, and in some cases, this influence
is reciprocal.

Table 1. Variables, categories, and relationships between factors for the economic characteristic
[1,4,19,20,24,42–45].

Categories Relationships with Variables

Incomes

A growing income is related to higher electricity consumption due to the
possession of more household appliances and a bigger house. In addition,
income is directly related to the following variables: expenses, housing (type of
housing, walls, and floor materials), age, biological sex; education; occupation;
public services; affordability; and more efficient technologies. Simultaneously,
income is inversely correlated with the time spent seeking traditional or
modern fuels, implying that people with lower incomes must search for fuel in
more distant locations.

Energy
expenditure

Higher expenses correlate with higher electricity consumption due to the
possession of more household appliances, diversity of energy sources
(traditional or modern) for housing and their substitutes, household size, age
(older children and adolescents watch more television, use personal computers,
and are frequent users of electronic devices for games; likewise, the presence of
people over 65 years old at home causes an increase in consumption, because
they stay at home longer than young people, although the power of the
devices they use is lower), user habits and routines, geographical location and
altitude, housing (type of housing, wall and floor materials), energy sources
and availability, more efficient technologies.In addition, expenses are directly
related to the following variables: income, number of rooms, rated power, and
occupation. At the same time, expenses show an inverse relationship with
energy expenditure. This is because a reliable service within a centralized
system is more expensive due to infrastructure.

Homeownership

There is a notable energy consumption disparity between privately owned and
rented homes. Moreover, when utility bills are integrated into rent payments,
they tend to be significantly higher than those of tenants who pay separately.
Tenants tend to consume more energy when utility costs are included in their
rent, possibly due to less of a need for awareness about energy conservation.
It is assumed that engaging in income-generating activities leads to higher
energy consumption.

Number of
electrical

appliances

The number and use of electrical appliances are affected by household size and
lifestyle (hours of service), which is strongly related to household electricity
consumption. The purchase or acquisition of these appliances refers to income,
expenses, device characteristics, technology, and electrical power supply.
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Table 2. Variables, categories, and relationships between factors for the behavioral and cultural
characteristic [1,4,19,20,24,42–45].

Categories Relationships with Variables

Hours of use

The mere existence of electrical appliances does not necessarily imply
electricity consumption; user routines constitute a significant factor
affecting household electricity consumption. In addition, it is necessary to
consider the frequency of use of the appliances. There are direct
relationships between electricity supply, energy costs, number of
computers, and number of people.

Traditional fuels
There is a relationship between poverty and the use of traditional fuels,
especially the use of firewood for cooking food, which causes health
problems and pollution.

Modern fuels

According to policies promoting efficient energy use, modern fuels should
be used for cooking activities, and other services should be utilized that are
suitable substitutes for electricity, with the least significant
environmental impact.

Table 3. Variables, categories, and relationships between factors for the non-economic characteristic
[1,4,19,20,24,42–45].

Categories Relationships with Variables

Housing

Electrical energy consumption increases according to the separation of the
dwelling, which suggests that single-family homes consume more electrical
energy than semi-detached houses and apartments. As the number of rooms
increases, more electricity is used; bedrooms are mainly used for sleeping
and do not contain as many appliances as other rooms. The energy used for
heating depends on the house’s wall and floor material.

Household
composition

As the number of cohabitants increases, the total electrical energy use rises
while per capita consumption decreases. Furthermore, the likelihood of
individuals remaining at home during the day and utilizing household
appliances increases consumption, impacting the load profile.Energy
consumption correlates with age; older children and adolescents tend to
engage more with television, laptops, and gaming devices, thus contributing
to higher home energy use. Additionally, the presence of individuals over 65,
who typically spend more hours at home, further contributes to increased
energy consumption.The division of domestic labor, predominantly assigned
to women, places the responsibility on them for acquiring fuel sources such
as firewood or energy resources for cooking and heating purposes. Collecting
firewood or other traditional energy sources is estimated to require an
average of 2 to 20 h per week.Single-parent households demonstrate a
notably higher electricity consumption compared to two-parent families.

Occupation

Occupation affects the time spent at home, allowing the use of appliances.
Long periods of absence during the day, for example, due to full-time
employment, shift loads to off-peak hours of the day. Additionally, a
higher-ranking professional consumes more electricity than a lower-level
professional because the former probably has a larger home and more
appliances. In addition, occupation is related to education and income.

Education Electricity consumption decreases with education level. In addition,
education is related to occupation and income.

Utilities These are related to social classes, housing, expenses, and income.



Energies 2024, 17, 1392 6 of 20

Table 4. Variables, categories, and relationships between factors for the physical environmental
characteristic [1,4,19,20,24,42–45].

Categories Relationships with Variables

Geographical
location and

altitude

Users will have fans, air conditioning, or heating according to the thermal floors
or climatic zones. The house’s construction materials may be different; in
addition, the characteristics of the refrigerator will have different features.

Socio-
economic

level

Socio-economic level positively affects total electricity consumption due to the
greater number of household appliances. It also has a relationship with utilities
and housing. In certain countries, subsidies and contributions are related to the
socio-economic level.

Associations
or groupings

The characteristic is related to groups with the same occupation or who are
looking for complementary jobs to improve their income.

Climate
change issues Using traditional fuels causes environmental problems due to the generation of CO2.

Table 5. Variables, categories, and relationships between factors for the power supply characteristic
[1,4,19,20,24,42–45].

Categories Relationships with Variables

Energy sources
and availability

Having a source of electricity does not guarantee universal electricity access,
and access to electricity does not guarantee the capacity to pay for that service.
In addition, a poor-quality service can deteriorate the user’s perception about
the socio-economic benefits that the electricity service can provide. Energy
availability creates new opportunities for the provision of essential services,
the diversification of business activities, and the perception of social
welfare.These aspects also relate to income, expenses, number of appliances,
device characteristics, hours of use, and utilities.

Affordability

Accessibility

Reliability

Table 6. Variables, categories, and relationships between factors for the device features characteristic
[1,4,19,20,24,42–45].

Categories Relationships with Variables

Technology
Due to new technologies, there is a “rebound effect”; higher appliance efficiency
results in increased use and, therefore, an increase in total energy consumption.
There are relationships with income, expenses, and the number of electric devices.

Replacement
with

substitutes

The cost of these devices depends on the availability and reliability of the
power supply.

Rated power New appliances or the replacement of inefficient appliances results in reduced
electricity consumption.

It is important to note that this exploratory study does not aim to draw quantitative
conclusions about the factors’ importance but to conceptually visualize the relationships
between the explanatory variables. Therefore, three virtual communities were determined
based on some graphs created in Gephi (Gephi.org, accessed on 26 January 2024). The
higher the value, the higher the level of influence within the networks.

• Community 1—Socio-Demographic Dynamics: income (1), occupation (0.64), age
(0.57), biological sex (0.43), education (0.40);

• Community 2—Economic and Housing Profile: expenditure (0.97), housing (0.83),
household size (0.64), social classes (0.42);

• Community 3—Energy Use and Accessibility: number of appliances (0.86), hours of
use (0.58), technology (0.58), power supply (0.39), affordability (0.25), reliability (0.24).

Over time, different types of household electricity use and behavior have been defined
in terms of income. According to the energy ladder hypothesis, electricity is at the top of
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the energy ladder of household energy use, which mainly depends on the users’ wealth,
income, and educational levels. However, households with higher levels of income, wealth,
and education often use electricity only for some household activities, such as lighting,
heating, and cooking. Income is the variable with the most significant preponderance, since
a higher income implies a greater willingness to pay for the best fuel (electricity). It is also
related to the other variables (better education, greater affordability, better housing, and
more household appliances).

Although the lowest core values are those related to SDG7 (Ensure universal access to
affordable, reliable, sustainable, and modern energy), this subject has yet to be considered
in the literature. Furthermore, household electrical appliances should not only be modeled
by their electrical characteristics but also considered in the context of the provision of
services and the comfort of people. Therefore, the needs of the users, what they use the
appliances for, as well as other characteristics, such as if the appliances work autonomously
or if they are exclusive to the home, should be included [5,25,29].

Sustainable Rural Electrification Programs—PERS

The PERS are the result of a regional and inter-institutional working scheme es-
tablished in Colombia to combine efforts for the empowerment of the regions and the
decentralization of knowledge with the leadership of the academy through administra-
tive agreements of public entities such as the Mining and Energy Planning Unit (UPME
in Spanish) and the Institute for Planning and Promotion of Energy Solutions for Non-
Interconnected Zones (IPSE in Spanish) [46].

This strategy seeks to ensure that the formulated projects are sustainable and that
energy use is a fundamental pillar for improving the productivity and development of
rural communities.

The PERS take a bottom-up approach (information and individual approaches to
assess general variables). Based on their results, energy needs (demand and supply) are
identified to develop comprehensive and sustainable projects in the short, medium, and
long term (a 15-year horizon). They also include proposals for a public energy policy that
makes it possible to link energy to productivity [46].

The surveys used to develop the PERS inquire about the following four proper aspects
of each region: social, economic, technological, and environmental. These, in turn, are
divided into the following categories: housing characterization; public services; electricity
services; willingness to pay (electricity and renewable energy); knowledge about renewable
energy; use of lighting equipment, refrigeration equipment, cooking equipment, and other
electrical appliances; household composition, household economics, and some health and
environmental aspects.

The conducted surveys include 110 questions that were validated and adapted to
the specific conditions of rural areas of Colombia over the last ten years, making them an
ideal tool for knowing and analyzing the characteristics of electricity consumption in these
areas. The complete survey information (in Spanish) can be consulted in the information
system of the Mining–Energy Planning Unit (UPME) at https://sig.upme.gov.co/SIPERS/
Uploads/CUNDINAMARCA.pdf, accessed on 26 January 2024.

The surveys were conducted in Cundinamarca (Figure 2). It is located in the center
of Colombia, in one of the six natural regions, the Andean region [47,48]. The PERS—
Cundinamarca analysis was carried out between 2015 and 2016, and this included a diag-
nosis of the rural areas of its 15 provinces (see Figure 2); 1346 surveys were conducted in
46 municipalities [47,48]. As one of the most relevant results, 95.73% of the rural house-
holds in Cundinamarca have electricity service, and 32.9% of the households have no
interruptions. Furthermore, the average consumption per user is 123.82 kWh/month, with
an average cost of USD 9.93 (TRM: 1 USD = 3149 COPs) [47,48].

https://sig.upme.gov.co/SIPERS/Uploads/CUNDINAMARCA.pdf
https://sig.upme.gov.co/SIPERS/Uploads/CUNDINAMARCA.pdf
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For the PERS—Cundinamarca sample, the rurality index (the rurality index encom-
passes three key aspects: it combines demographic density with the distances from smaller
to larger population centers, adopts the municipality as a whole as the unit of analysis
rather than solely focusing on the size of settlements (such as the main town, populated
center, and dispersed rural areas within the same municipality), and views rurality as a
continuum, referring to municipalities as more or less rural rather than strictly categorizing
them as urban or rural), the number of homes, and the absence of electricity in each cluster
were taken into account. The selected sample took the provinces of Cundinamarca as
strata and the municipalities as clusters. Rurality was assigned to select municipalities
with a high rurality index compulsorily. The homes were selected to be surveyed with
equiprobabilistic sampling by stratified bimetallic conglomerates [50].

In the first stage, the population was divided into 15 provinces with their correspond-
ing conglomerates (municipalities), which constituted the primary sampling units (PSUs)
and were used as the sampling frame with their respective population sizes. In each re-
gion, independent samples were randomly selected with probabilities proportional to the
population sizes of the clusters (households) [50].

In the second stage, the number of surveys was selected for each of the municipalities
in the residential sector, proportionally to the number of homes, the rurality index, and the
number of homes without electricity in each cluster [50].

Between 2014 and 2016, PERS surveys were conducted in five departments of Colom-
bia and 113 municipalities (Chocó: 14 municipalities, Cundinamarca: 46 municipalities,
Guajira: 15 municipalities, Nariño: 22 municipalities, and Tolima: 17 municipalities).

PERS surveys did not include detailed technical information on appliance capacity
but did include information on ownership and technology. The energy bill was requested
for electricity consumption.

Monthly electricity consumption per household by province with PERS data pro-
vides insight into the behavior and living standards of rural households in Cundinamarca
(Figure 3). This figure provides a comprehensive understanding of the energy needs and
consumption patterns in different regions, reflecting the different socio-economic conditions
and lifestyle choices in rural areas of each province.

Although the data are from 2016, a comprehensive data set that explicitly considered
the variable energy consumption in each home was needed. However, this specific question
was not directly included in the surveys of later DANE studies, such as the Census and the
Quality-of-Life Survey. When comparing the macroeconomic variables of the municipalities
to determine changes, the available data are from 2018. In addition, many of the projects
and studies planned for these years were postponed due to COVID-19.
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The average monthly electricity consumption in the rural residential sector of Cundi-
namarca was 124 kWh/month. Fluctuations in electricity consumption in rural areas are
influenced by factors such as altitude, socio-economic conditions, and the geographical
location of the population.

3. Data and Methodology

Multiple correspondence analysis (MCA) allows the graphical representation (on
a Cartesian plane) of the pattern of relationships between the categories of qualitative
analyzed variables (ordinal or nominal), identifying the similarities and associations or
the influence of the different variables. MCA helps to describe patterns of relationships
distinctively using geometric methods by locating each variable/unit of analysis as a point
in a low-dimensional space. MCA can be used to map both variables and individuals,
allowing the construction of complex visual maps whose structure can be interpreted.

The heterogeneous set of analysis units must be represented on a plane where the
dimensions have enough inertia to explain the variables. The first dimension explains as
much variance as possible; the second dimension is orthogonal to the first and shows as
much of the remaining variance as possible. The inertia is equal to the chi-square statistic
(χ2) divided by the total, and it indicates how much of the variation in the original data is
retained in the dimensional solution, which graphically represents the distance between
the object category and its mean.

Depending on the typology of the individuals or the groups represented, the inter-
pretation of the graphs will be through a perception of items being more or less close.
Therefore, individuals with similar characteristics will appear close in space, and at the
same time, each one of the characteristics will be in the space of the individuals.

In the present research, this relational analysis tool allowed us to establish correlations
between the consumption of electricity and the variables of the PERS surveys, proving the
existence of similar characteristics in the households studied.

Figure 4 illustrates the procedure developed to generate location maps. Based on
the PERS database for Cundinamarca (1346 surveys), data preprocessing or filtering was
performed using the variable of interest, electricity consumption, obtained from billing
records (708 surveys). Surveys without consumption data were excluded. The monthly
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electricity consumption data were then categorized into three groups: Group 1: 1–90 kWh
(low consumption), Group 2: 90–180 kWh (medium consumption), and Group 3: 180–
300 kWh (high consumption). These categories were then cross-referenced with over
60 variables in various analyzed location maps. Values greater than 300 kWh were omitted
as they were assumed to belong to population centers beyond the scope of this research.
For some variables, it was deemed beneficial to group data into ranges to ensure more
representative categories.

Energies 2024, 17, x FOR PEER REVIEW 10 of 21 
 

 

In the present research, this relational analysis tool allowed us to establish correla-
tions between the consumption of electricity and the variables of the PERS surveys, prov-
ing the existence of similar characteristics in the households studied. 

Figure 4 illustrates the procedure developed to generate location maps. Based on the 
PERS database for Cundinamarca (1346 surveys), data preprocessing or filtering was per-
formed using the variable of interest, electricity consumption, obtained from billing rec-
ords (708 surveys). Surveys without consumption data were excluded. The monthly elec-
tricity consumption data were then categorized into three groups: Group 1: 1–90 kWh 
(low consumption), Group 2: 90–180 kWh (medium consumption), and Group 3: 180–300 
kWh (high consumption). These categories were then cross-referenced with over 60 vari-
ables in various analyzed location maps. Values greater than 300 kWh were omitted as 
they were assumed to belong to population centers beyond the scope of this research. For 
some variables, it was deemed beneficial to group data into ranges to ensure more repre-
sentative categories. 

 
Figure 4. Flowchart of the multiple correspondence analysis (MCA) applied to the PERS Cundina-
marca database. 

Based on the 708 surveys analyzed (taking into account only the homes that had elec-
tricity consumption information from the PERS—Cundinamarca surveys), the electrical and 
electronic devices with the highest participation in households were the mobile phone 
(97.9%), refrigerator or freezer (85.6%), TV (85.1%), blender (73.2%), stereo or radio (52.9%), 
iron (36.0%), washing machine (29.3%), fan or air conditioner (6.5%), and computer (5.9%). 
The same order can be observed when grouped by level of consumption (see Figure 5). 

 
Figure 5. Ownership of electrical appliances with regard to consumption. PERS—Cundinamarca 
(2016). 

  

Figure 4. Flowchart of the multiple correspondence analysis (MCA) applied to the PERS Cundina-
marca database.

Based on the 708 surveys analyzed (taking into account only the homes that had
electricity consumption information from the PERS—Cundinamarca surveys), the electrical
and electronic devices with the highest participation in households were the mobile phone
(97.9%), refrigerator or freezer (85.6%), TV (85.1%), blender (73.2%), stereo or radio (52.9%),
iron (36.0%), washing machine (29.3%), fan or air conditioner (6.5%), and computer (5.9%).
The same order can be observed when grouped by level of consumption (see Figure 5).
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Figure 5. Ownership of electrical appliances with regard to consumption. PERS—Cundinamarca
(2016).

4. Results

Position maps analyze the relationships between factors or categories of qualitative
variables. In Figure 6, Group 1 (1–90 kWh) can be observed on the left side, where users
do not own any electrical appliances. Looking at Figure 5, this conclusion regarding
the ownership of household appliances cannot be observed. However, this group does
have TVs (*<0.5 TVs/person and between *1.5–2 TVs/person). Households with medium
consumption (Group 2) have a refrigerator, a mixer, an iron, a washing machine, and a
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stereo or a radio. The number of TV sets per household ranges from 0.5 to 1. Group 3 has
the same characteristics as Group 2, but they have more than two TVs per household. They
have computers, air conditioners or fans.
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Regarding the variable TV per person, Group 1 (low consumption) has a higher range
than those with higher consumption (see Table 7). The same conclusion can be observed in
Figure 6 (closeness of the values). Additionally, in Table 7, it can be observed that there is
more than one TV per person in the household.

Table 7. TVs/people.

TVs/People Low Consumption
(45.76%)

Medium Consumption
(39.55%)

High Consumption
(14.69%)

0 20.68% 10.00% 7.69%

<0.5 13.89% 14.29% 12.50%

0.5–1 22.22% 27.86% 23.08%

1–1.5 20.37% 27.50% 32.69%

1.5–2 16.67% 12.86% 14.42%

>2 6.17% 7.50% 9.62%

The low-consumption group has less than one light bulb per room, and the predom-
inant technology is incandescent (Figure 7). This technology was withdrawn from the
Colombian market in 2014; however, it is still being imported [51], and it is used in places
above 1500 m above sea level (m.a.s.l.) to improve thermal comfort. The light bulb technol-
ogy in the medium-consumption group is CFL (Compact Fluorescent Light Bulb), with at
least one light bulb per room. The high-consumption group has the same characteristics as
the medium-consumption group, but with more than one bulb per room. In addition, they
have a fan or air conditioner when close to the variable < 500 m.a.s.l.

Looking at the graphs independently, it is possible to conclude that the low-consumption
group is found, at higher heights, with incandescent bulbs and less than one bulb per room
(see Figure 8).
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Figure 9 shows the relationships between television technology, hours of television
viewing, and household income. In Group 1, CRT (Cathode-Ray Tube) technology predom-
inates, with a daily use of up to 3 h and the lowest household income (up to USD 160 per
month). In Group 2, the TV was used for from 3 to 8 h, CRT, LED, and LCD technologies
predominate, and users had an average income (from USD 160 to USD 475 monthly). Group
3 is associated with a higher income (TV was used more than 8 h daily, including all TV
technologies (CRT, LED, LCD, and plasma).
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When observing the graphs independently (see Figure 10 and Table 8), it is possible
to reach the same conclusion: the most significant number of televisions operate with
CRT technology. For the low-usage-duration categories (“<1” and “1–3” h), older tech-
nologies such as CRT have a relatively high share. This suggests that users may prefer
older technologies for sporadic or short-term use. In the extended-use categories (“3–8”
and “>8” h), LCD and LED technologies dominate, with significantly higher percentages
compared to CRT and plasma. This suggests that newer technologies are preferred for
longer viewing sessions.
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Table 8. TV technology, hours of service (TV), and consumption.

Hours
Low Medium High

CRT LCD Plasma LED CRT LCD Plasma LED CRT LCD Plasma LED

<1 15.43% 0.93% 0.62% 0.62% 10.00% 0.71% 1.43% 1.43% 12.50% 0.96% 0.96% 0.96%

1–3 h 36.11% 2.16% 1.85% 1.85% 32.14% 5.36% 2.50% 2.50% 34.62% 2.88% 1.92% 1.92%

3–8 h 14.51% 1.23% 0.93% 0.93% 20.36% 3.93% 3.21% 3.21% 23.08% 1.92% 0.96% 0.96%

>8 0.31% 0.00% 0.00% 0.00% 0.71% 0.00% 0.36% 0.36% 3.85% 1.92% 0.96% 0.96%

Table 9 shows a clear trend of decreasing consumption levels as income increases. The
percentages of households with low consumption are higher in the lower-income row labels
(“<32”, “32–48”), while high consumption is more prevalent in the higher-income row labels
(“>953”). In addition, the row labels corresponding to lower incomes (“<32”, “32–48”) have
significantly higher percentages of households with low consumption levels. This suggests
that families with lower incomes tend to have lower consumption in relative terms.

Table 9. Income vs. consumption.

Income (USD) Low Consumption Medium Consumption High Consumption

<32 13.89% 4.64% 3.85%

32–48 13.89% 5.36% 4.81%

48–64 9.88% 7.50% 6.73%

64–159 28.70% 27.86% 27.88%

159–239 19.14% 28.57% 25.00%

239–318 7.41% 13.57% 15.38%

318–476 2.16% 5.36% 2.88%

476–636 1.23% 1.43% 4.81%

636–953 0.31% 2.50% 2.88%

>953 0.31% 1.07% 2.88%
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Similarly, as we move towards the middle-income row labels (“48–64”, “64–159”,
“159–239”), there is a progressive increase in the percentages of households with average
consumption. This suggests that middle-income families tend to have more balanced con-
sumption levels. The row labels corresponding to higher incomes (“239–318”, “318–476”,
“476–636”, “636–953”, “>953”) have significantly higher percentages of households with
high consumption levels. This indicates that higher-income families tend to have rela-
tively higher consumption levels. In the middle-income row labels (“48–64”, “64–159”,
“159–239”), there is variability in the percentages of households with medium and high in-
comes. This suggests that there is diversity in consumption patterns at these income levels.

The behavior of the cost of electricity is not obvious because there are other loads,
such as public lighting and subsidies, included in the bill that distort this value, so the
relationship between bills and income was analyzed. We found that the higher values
(20–40% and >40%) are related to Group 3. In contrast, the other values correspond to
Groups 1 and 2 (see Figure 11).
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Group 1 households are families with few persons (1–3), and Group 2 is related
to households with 4–6 persons and 7–9 persons. Regarding the number of electrical
appliances, the smallest number of appliances (1–3) is found in Group 1 (see Figure 11).

The conclusions shown in Figure 12 are similar to those of Figure 11. According to the
surveys, it is common to have between four and eight electric devices. The proportion of
households with a high number of devices (>12) is considerably lower than the proportion
with a moderate number of devices (4–8 and 9–12). This suggests that most households
tend to have a moderate number of appliances. Households with smaller sizes (1–3 persons)
have a significantly higher representation in all consumption categories. A high percentage
of households spend more than 5% on electricity. This suggests that smaller households
face a greater economic burden from energy expenditures.

The relationship between the socio-economic level and energy consumption should
be more obvious, as shown in Figure 13. A smaller number of rooms (less than three and
between four and six) is related to Group 1, as well as handmade construction materials in
the walls (bamboo, rush mat, other vegetables, mud, adobe, clay, rough wood plank) and
floors (land, sand, cement, gravel, rough wood, board, plank).

Households in Groups 2 and 3 have more rooms; the walls are made of brick, block,
stone, polished wood, and prefabricated materials; the floors are made of tiles and bricks
(see Figure 13).

The attributes of Group 2, cement floors and brick walls, are located near the center of
the map. In an MCA, the closer to the center, the less different it will be, so these attributes
are not good consumption differentiators.
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Figure 13. Positioning map of socio-economic level, numbers of rooms, floor and wall materials, and
consumption.

In Figure 14, households with 4–6 rooms have a significantly higher proportion in all
consumption categories, suggesting that the house size does not influence Cundinamarca’s
case. Most of the houses have cement floors and brick walls; they do not show consumption
patterns according to the material. As in the previous conclusions, the most representative
social background population is Group 2.

Figure 15 shows the occupations of the family members; those in Group 1 are related
to households, agriculture, livestock, and forestry. Group 2 consists of students, business-
people, and pensioners. Services, mining, industry, and manufacturing activities are related
to Group 3.

Figure 15 shows the higher education level of the family members, but no relationship
can be established because the values of χ2 are close to 0.

Table 10 summarizes the results of the multiple correspondence analysis and compares
the main characteristics of the three consumption groups.
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Table 10. Comparison of the characteristics of the three groups identified.

Characteristic Low Consumption Medium Consumption High Consumption

Income Lower income Medium income High income

% Invoice/income Low ratios (<5%) Medium ratios
(5–10%, 10–20%)

High ratios
(20–40%, >40%)

Household size 1–3 people 4–6 people and 7–9 people

Rooms <3 rooms,
4–6 rooms >7 rooms

# Appliances 1–3 4–8
9–12 >12

Main appliances
Small appliances or no

appliances
They have TV

Fridge, blender, iron, washing
machine, stereo or radio, TV

Fridge, blender, iron, washing
machine, stereo or radio, TV,
PC, air conditioning or fans

(places less than 500 m above
sea level)
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Table 10. Cont.

Characteristic Low Consumption Medium Consumption High Consumption

TV technology CRT CRT, LED, and LCD CRT, LED, LCD, and plasma
More TV sets than people

Hours TV (per day) <3 h 3–8 h >8 h

Light bulbs Incandescent
Less than one bulb per room

CFL
At least one bulb per room

CFL
At least one bulb per room

Predominant walls
Bamboo, rush mat, other

vegetables, mud, adobe, clay,
rough wood plank

Brick, block, stone, polished
wood, and precast materials

Brick, block, stone, polished
wood, and precast materials

Predominant floors Sand, land, cement, gravel,
rough wood, board, plank Tile, brick Tile, brick

Economic activity Household, farming, livestock,
or forestry

Students, businesspeople,
and pensioners

Services, mining, industry,
manufacturing

5. Discussion

Although several papers have analyzed the factors influencing electricity consumption
at the household level, there are few cases of rural households. MCA is a technique
for analyzing categorical variables that is useful when it is required to get a general
understanding of how these variables are related, compare subgroups, and understand
trends. An issue lies in the fact that the resulting maps can be more user-friendly if they
contain fewer than five variables, as demonstrated in this instance.

The results found in this study are similar to those reported in the literature, but MCA
was not mentioned.

The higher the household income, the higher the electricity consumption (Figures 8
and 9, and Table 10) [16–19]. This is due to more appliances (Figures 10 and 11) and the
number of people in the household (Figures 10 and 11). In addition, income is directly
related to bill payment (Figures 10 and 11), rooms (Figures 12 and 13), wall and floor mate-
rials (Figures 12 and 13), occupancy (Figure 14), and the use of more efficient technology
(Figures 8 and 9, Tables 7 and 8) [16–19,22–24,43].

Generally, the higher the socio-economic level, the higher the electricity consumption
in households, but in this case, this is not true.

The number of appliances and their use are influenced by household size (Figures 4
and 5) and lifestyle (hours of use), which correlate with electricity consumption. The
purchase of these appliances is related to income (Figures 5 and 9), expenses (Figures 10
and 11), and appliance characteristics (Figures 7 and 9) [16–19].

The “Jevons paradox” indicates that demand can increase when a technological process
increases in efficiency. In this case, there is an “environmental rebound effect” in which the
introduction of more energy-efficient technologies can increase total energy consumption
because instantaneous consumption decreases, but the time of use increases (Figure 7 and
Table 8) [52].

The presence of household appliances does not imply electricity consumption since
user consumption habits (routines) of the users and the frequency of use of the appliances
must be taken into account (Figure 10).

The occupation of family members influences the time spent at home and, therefore,
the use of electrical appliances, which in turn influences consumption (Figure 14).

6. Conclusions

Many studies have argued that income is one of the fundamental factors in deter-
mining household electricity consumption. However, there are other decisive factors for
household electricity consumption related to income that have been studied in this paper,
such as the number of appliances, educational level, and house characteristics; the literature
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in this area has focused on developing countries, but rural areas had not been covered
yet. We address this research gap and extend the existing literature on sustainable energy
development using data collected in Cundinamarca, a mainly rural area in Colombia.

The authors used a descriptive approach to analyze the collected data, and MCA
was also used. Multiple correspondence analysis is a technique for analyzing categorical
variables, a form of factor analysis for categorical data. It is best used when it is necessary
to get a general understanding of the way in which categorical variables are related. The
resulting maps are difficult to use with more than five or six variables.

In the case of Cundinamarca, the factors that influence household electricity consump-
tion are income, household size, rooms, appliances, technology, and hours of use.

In the rural households of Cundinamarca, the most common appliances are the re-
frigerator and the television. However, the emerging concern about the proper use of new
technologies that facilitate the social integration of communities, such as telephones, PCs,
etc. is worth mentioning.

The multiple correspondence analysis identified similar characteristics of rural house-
holds in Cundinamarca, which were divided into three groups: low consumption (low
income, few people in the house, few appliances, and old technology); medium consump-
tion (average income and increased number of people, entertainment use, food preservation,
and personal care devices); the high-consumption group is like the medium-consumption
group, but with higher income, more appliances, and more hours of use.
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