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Abstract

This paper focuses on identifying how indigenous populations in the upper and middle zones of the La Guajira
Department in Colombia save electricity or follow a plan based on an energy policy. To explore this, a survey among
seven communities with electricity in the upper and middle zones of La Guajira and a quantitative and observational
analysis were conducted. Results show that indigenous communities do not practice a culture of electricity-saving such as,
for instance, often failing to turn off idle appliances. In addition, there are neither electricity-saving plans nor energy
awareness measures to educate the area’s indigenous communities. When comparing the energy consumption of Wayuu
communities with that of the country’s residential urban dwellers of similar socioeconomic level, few indigenous people
using electricity efficiently were found, particularly in terms of lighting and appliance use.
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1. Introduction

Energy efficiency leads to a reduction in the consumption of
resources and changes any given community’s consumption
habits. Saving electricity is crucial both for the environment
and the technical sustainability of power networks [1, 2].
This importance is magnified for the country’s economy [3,
4], particularly for those located in non-interconnected rural
areas [5-8].

As seen in La Guajira Department of Colombia, a
primary challenge for this type of situation is the annual
reduction in the maximum value of electricity subsidized by
the state. Determining the electricity saving of rural
indigenous communities is, therefore, essential especially in
gauging commitment to the country's energy policy plan.
Understanding these elements will help the country set more
specific and realistic goals, contribute to new and enhanced
educational measures on electricity saving for these
communities, develop new strategies for improving energy
saving, review energy policy requirements, and provide new,
optimally adjusted energy systems.

With respect to a rural community’s energy supply,
various authors have focused on the economic development
opportunities surrounding wind energy [9—11]. Other authors
have suggested that a state’s provision of electric energy can
be considered part of a plan to generate wealth and job
opportunities while preserving the environment, as recently
shown for the inhabitants of the Brazilian Amazon [12].
Other authors have proposed the installation of energy
sources in rural areas to solve the problem of energy access
in remote areas [13—15]. Moreover, some have proposed a
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diffusion model based on classical diffusion theory, where
the adoption rate becomes a function of awareness
campaigns and social interaction [16].

Many of these studies, however, explore energy
development in indigenous communities in the United States
[17]. In Colombia, two researchers conducted a survey of
various actors involved in renewable energy systems (RES)
projects to identify and analyze the social and political
acceptance, market acceptance, and the community
acceptance of RES [18]. Finally, other researchers analyzed
the viability of photovoltaics (PVs) in northern latitudes as
part of the energy supply systems for nomadic camps far
from indigenous communities dedicated to reindeer herding
[19].

With respect to the use of electricity, one study
recognized some household energy consumption patterns in
rural areas in South Africa [20]. Another study found that
the perceptions of service and facility quality in rural small
towns in the U.S. state of lowa were wholly dependent on a
community’s social organization [21]. Another study
concluded that the electricity consumption of households
depends on structural and motivational factors, with
predictable patterns of interaction among members that
influence their consumption, and that the total electricity
saving effort depends on the strength of internalized norms,
self-expectations, and factors related to self-efficacy [22].
Another study revealed that providing households with a
feedback system that gives information about electricity
consumption empowers consumers to take energy-saving
measures [23]. A final study analyzed the perspectives of
end users and their satisfaction with the quality of service in
rural areas [24].

In sum, there are few studies investigating electricity-
saving behavior in rural communities, with even fewer
focusing on rural indigenous communities. Those that did
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investigate indigenous communities focused on supplying
electricity to them, typically by selecting the best renewable
energy system [11]. Furthermore, no study on this issue has
been performed in Latin America. Therefore, there is no
evidence identifying the energy consumption patterns of
rural indigenous communities in Latin America, how they
might best use or save electricity, and the ways in which
electricity service for these communities might be
optimized. Consequently, before the installation of
electricity services to indigenous communities, government
entities must make an effort to create greater awareness to
the customers about electricity-saving, as proposed in [22,
23].

This research focuses on identifying how indigenous
populations in the upper and middle zones of La Guajira
Department in Colombia save electricity or follow a plan
based on an energy policy. The methodology is based on
descriptive observations, applying surveys, and direct
observation of electricity saving behavior within a randomly
selected sample population. Data were analyzed and key
aspects of user behavior in electrical energy consumption for
the different communities described. Monthly electricity
consumption of these groups was also studied, noting
differences with the rest of the Colombian population,
especially urban areas with similar weather conditions and
socioeconomic level, where comparable appliances of
customers were assumed. The results demonstrated that
these communities have problems with electricity-saving
measures, with stark consumption differences from those of
urban populations.

2. Methodology

This section presents the methodology applied in the
research, where the population and samples are defined, and
how electricity consumption is estimated. In this research, an
exploratory descriptive methodology was applied that
illustrates the current conditions of population, their access
to electricity, and their perceptions of this service in their
activities.

2.1 Population and Sample
La Guajira Department of Colombia was selected for this
study. This department has an area of 20,848 km” and is

Table 1. Questions for Indigenous Communities with Electricity

divided into three zones: low, medium, and high Guajira
[25]. The main municipalities in the middle and upper zones
are Manaure, Uribia, Maicao, and Riohacha. All indigenous
rural communities are politically associated with those urban
jurisdictions.

According to the National Administrative Department of
Statistics — DANE [26], there are about 5.1 people per
household in La Guajira Department. The number of
inhabitants in central and northern Guajira (219,646) was
divided by 5.1, for a total of 43,068 households. Then,
probability sampling for this population was applied because
all households have the same probability of sample
selection. A total of 283 households in seven rural
indigenous communities with electricity were asked about
the electricity service, consumption, and energy saving plan.

The survey was administered to people living in
households of indigenous communities identified as the
Wayuu ethnicity without including the survey consumption
level of hospitals or rural schools as only residential users
were comparable with other urban residential population
with similar socioeconomic levels.

2.2 Estimated Electricity Savings

Total electricity consumption was estimated by identifying
the use of electrical appliances, time of use, and other
consumption habits for the target population. Then, the time
of use of these appliances, the respective power usage for a
24-hour period, and the daily consumption of different
families were obtained. This survey was conducted among
the seven communities selected in the sample that had access
to the electricity service.

For the population with electricity, a survey to identify
behavior leading to the high electricity consumption of
households in their daily activities was implemented
including the use of appliances and the number and types of
light bulbs. These data were compared with answers to the
questions about the consumption behavior of these
communities and to national consumption levels.

Table 1 shows the questions posed to communities with
electricity to gauge their consumption patterns. We also tried
to identify the practice of electricity savings, the kinds of
appliances used, and the possibility that the respondents
knew about the importance of saving electricity. All data
were obtained from households.

Number Question

Range

1 What is your monthly consumption?

Low: (0.0-1.7) kWh/d
Medium: 1.8-3.61
High: Greater than 3.61

2 Which months usually have the highest and lowest consumption rates?

First semester (January—June)
Second semester (July—
December)

3 Why do you think there is a high consumption rate in general?

The weather

Family visit
Acquisition of electrical
appliance

4 How would you describe your usage of the electricity service?

Very good
Good
Regular
Bad

Very bad

5 What are some possible oversights that lead to high consumption rates?

Cultural aspects
Needs to supply
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Lightbulbs (1, 2, 3, ..., 10)
6 How many lightbulbs do you use and what is their wattage? Steps of 100 Watts (1-100, 101-
200, ..., 901-1000)
7 Is there any information in your community about electricity-saving I\\(Ies
measures? °
.. Yes
8 Do you save electricity? (If yes, how? If no, why?) No
. . . Yes
9 Do you have refrigeration equipment? No
10 What tasks do you need more electricity for? Hobbies
Needs
3. Results These communities are Nazareth—Uribia; Cristin Lopez—

3.1 Consumption Habits
Table 2 shows the consumption of electricity for those rural
indigenous communities that have access to electricity.

Manaure; Paz—Maicao; Villa—Manaure; Pesuapa—
Manaure; Santa Rosa—Maicao; and Aujero—Riohacha. The
data were obtained as an average consumption of all users
surveyed in each group.

Table 2. Electricity Consumption by Time of Day for Rural Indigenous Communities

Communities with electricity

Nazaret Cristin Lopéz La Paz La Villa Pesuapa Santa Rosa Aujero

Hour Load (kW) Load Load Load (kW) Load Load Load

(kW) (kW) (kW) (kW) (kW)

00:00 - 01:00 0.032 0.06 0.053 0.048 0.014 0.013 0.069
01:00 - 02:00 0.043 0.093 0.071 0.055 0.031 0.053 0.096
02:00 - 03:00 0.045 0.12 0.081 0.048 0.049 0.068 0.135
03:00 - 04:00 0.068 0.178 0.087 0.055 0.059 0.069 0.154
04:00 - 05:00 0.167 0.231 0.201 0.169 0.181 0.181 0.209
05:00 - 06:00 0.181 0.299 0.221 0.194 0.261 0.2 0.251
06:00-07:00 0.268 0.313 0.27 0.267 0.293 0.247 0.303
07:00 - 08:00 0.277 0.296 0.288 0.279 0.281 0.287 0.351
08:00 - 09:00 0.154 0.13 0.165 0.16 0.13 0.166 0.271
09:00 - 10:00 0.136 0.171 0.163 0.154 0.179 0.153 0.188
10:00 - 11:00 0.131 0.139 0.139 0.131 0.143 0.144 0.151
11:00 - 12:00 0.227 0.227 0.227 0.228 0.289 0.234 0.271
12:00 - 13:00 0.279 0.29 0.307 0.289 0.276 0.3 0.354
13:00 - 14:00 0.242 0.27 0.275 0.265 0.267 0.235 0.303
14:00 - 15:00 0.165 0.178 0.171 0.157 0.24 0.156 0.212
15:00 - 16:00 0.137 0.14 0.154 0.132 0.232 0.164 0.158
16:00 - 17:00 0.178 0.18 0.191 0.172 0.3 0.194 0.214
17:00 - 18:00 0.258 0.278 0.296 0.256 0.333 0.277 0.289
18:00 - 19:00 0.285 0.311 0.323 0.297 0.367 0.304 0.352
19:00 - 20:00 0.273 0.29 0.289 0.27 0.378 0.274 0.307
20:00 - 21:00 0.229 0.298 0.252 0.235 0.334 0.211 0.288
21:00 - 22:00 0.143 0.13 0.146 0.114 0.21 0.145 0.212
22:00 - 23:00 0.087 0.055 0.07 0.059 0.134 0.066 0.097
23:00 - 00:00 0.041 0.019 0.051 0.026 0.0012 0.035 0.061
Total 4.046 4.696 4491 4.06 4,9822 4.176 5.296

The indigenous community of Aujero consumes
electricity above the average rate of several other
municipalities; this fact identifies important consumption
habits among these indigenous communities along with
variations from one community to another. Notably, the
consumption peaks are always at the same time in the
surveyed communities, even though electricity rates change
from one community to another. The indigenous community
of Aujero has the highest consumption peak until 1500
hours, when it is surpassed by Pesuapa. All these indigenous
communities have consumption peaks in three periods
instead of two—as in the wurban population—i.e.,
consumption peaks between 0600 and 0800 hours, between

49

1200 and 1400 hours, and between 1800 and 2100 hours.
Identifying communities with estimated electricity
consumption near or above the subsistence limits allows us
to identify the need for a new energy efficiency plan and to
create awareness among these populations about electricity
saving. Additionally, this comparison is useful for
determining whether sustainable electricity production
projects can be implemented to improve the social
development of these communities [27-29].

3.2 Comparisons of Electricity Consumption
Table 3 shows the comparison of average power
consumption of rural indigenous communities and the urban
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population. All information was obtained from population
surveys conducted during this research, with information
about urban areas obtained from [30]. The differences in
electricity consumption reveal the need for plans to use

home appliances efficiently. Communities with a high
consumption of electricity were also identified for the
potential implementation of electricity-saving plans.

Table 3. Average Power Consumption of Rural Indigenous Communities and Urban Population

Rural indigenous communities

Urban Population

Electricity consumption per
month (KWh - Month)

Electricity consumption per month
(KWh - Month)

Manaure 145.1 Pasto 147.6
Maicao 127.2 Medellin 110.9
Uribia 121.3 Barranquilla 153.9
Riohacha 158.8 Bogota 176.2

It is surprising how communities near the municipality
of Riohacha have higher energy consumption than cities
with the same climate, with the relevant comparator being
the city of Barranquilla. Notably, as the second-most
populous city in the country, Medellin has lower levels of
consumption than all these communities. This is an
important observation because these rural communities tend
not to have high-consumption appliances, making it even
more important for these populations to receive education on
the culture of energy-saving, either by energy companies or
the government itself. They need to learn these new
consumption habits, which can become the basis for new
projects that have the ultimate purpose of finding a
renewable energy source.

Table 4 shows the comparison of the use of electrical
appliances in indigenous communities and urban
communities. The refrigerator is the main electrical
appliance used by indigenous communities followed by the
television and lighting. Therefore, urban communities
experiencing the same weather conditions use fans in a very
different way from indigenous communities and infer that
these indigenous communities do not iron—possibly
because they do not value the look of pressed clothes.

10 Light Bulbs
9 Light Bulbs
8 Light Bulbs
7 Light Bulbs
6 Light Bulbs
5 Light Bulbs
4 Light Bulbs
3 Light Bulbs
2 Light Bulbs

households

Number of light bulbs per

0% 10% 20% 30%

Percentage of households

Fig. 1. Power and number of light bulbs used per household.

3.3 Energy-saving plans

More than 90% of the population stated that they do not
know anything about saving electricity. This situation can be
improved with pedagogic methods and publicity to create
awareness on electricity-saving that has the potential to
change the mindset of these indigenous communities [31].

Table 4. Use of Electrical Appliances in Indigenous and
Urban Communities

Percentage of appliance use

Household Rural indigenous Urban
appliance communities Population
Lighting 24% 16%
TV 25% 8%
Refrigerator 25% 39%
Laundry 7% 2%
machine

Fans 3% 28%
Cooking 4% 0%
Others 12% 7%
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Figure 1 presents the number and types of light bulbs
these communities used for lighting. The vast majority of
indigenous populations do not use energy-saving light bulbs.
The population uses an average of four to six light bulbs per
household. When multiplied by the power consumed by each
light bulb, this does not represent high consumption, yet a
change is required in the type of light bulb to guarantee
greater energy efficiency.
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As illustrated in Fig. 2, a significant number of people are
not compromised with energy-saving plans.
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not know 5% lack of compromise 3%

none 21%

Not off appliance
71%

Fig. 2. Percentage of people compromised with energy-saving plans.

People in indigenous communities were asked about the
role that negligence might play in high energy consumption.
Most answered that they did not turn off or unplug
appliances because they were not aware that even after
shutdown some appliances continue to consume energy.
This demonstrates the necessity of campaigns on energy
efficiency to create an electricity-saving culture in these
communities. Through this research, it was possible to
observe that rural indigenous communities living in the
upper and middle zone of La Guajira were not aware of the
importance of electricity-saving policies primarily because
their energy supplier does not release information promoting
or explaining such policies. Fig. 3 shows that a large
percentage of people in these communities simply do not
know about energy-saving practices.

No
88%

Fig. 3. Percentage of people that know about energy-saving practices.

4. Discussion

Shortcomings in education about electricity-saving were
found in the indigenous communities of middle and upper
La Guajira, particularly through their misuse of certain
appliances along with a lack of unawareness that their own
habits generate more consumption [23, 32]. This includes,
for example, failing to unplug appliances when they are not
in use. All of these awareness will allow the creation of new
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programs that enhance the energy
indigenous communities [33, 34].

The Aujero community showed a higher consumption of
energy per month than the indigenous communities from
Maicao or Manaure. In addition, consumption rates of this
population are above those of populations living in cities
with more industrial development and similar weather
conditions (as in the case of Barranquilla). Some indigenous
populations have higher power consumption than the lowest
socio-economic strata of the city of Medellin. An apparent
reason for this may be that indigenous communities do not
use electrical services efficiently, potentially because they
lack electricity-saving habits.

The increase in energy consumption of indigenous
communities in the upper and middle zones of La Guajira is
directly related to its use for refrigeration (compared with
cities with the same weather conditions), lighting, and the
use of appliances, especially TV. Consumption rates are
lower than in other places in general but when compared
with lighting and TV use, their rates are much higher.
Lighting is a particularly noteworthy topic because
consumption rates are higher in these rural communities than
in large cities. As such, indigenous communities require
urgent reforms and new energy efficiency strategies and
policies to reduce consumption in relation to the use of
lighting and appliances as earlier proposed by [35, 36].

As a result, it is imperative for electrical companies to
implement pedagogical training interventions and design
electricity-saving plans to promote an energy-saving culture
among these communities. The results of the survey found
that most indigenous people have never seen a television
advertisement about saving electricity, a fact that has been
previously confirmed for other cultures [37]. Most
indigenous people do not know about electricity policies and
this may be the main reason why they do not unplug their
appliances and continue to use high-consumption lightbulbs
above 100 W.

These results indicate that indigenous communities
require continuous support that can be provided through
public talks on saving electricity and on how new energy
plans should be executed as has been done for other
populations [22, 23]. Many community members are
unaware of this support, which has the potential to improve
their quality of life [38] even though such measures have
never previously been implemented with any indigenous
community. Furthermore, community acceptance plays a
decisive role in the design of future energy projects,
including the use of RES to optimize consumption [10, 39].

The indigenous communities surveyed tend not to make
efficient use of their electrical service, which only underlines
the need to implement pedagogic classes on electricity-
saving topics. In the future, Colombian law may well require
the design of energy-generation projects using alternative
energy sources like solar energy, wind power plants, or the
interconnection of different generation systems [10, 40, 41].
Energy-saving plans would help optimize load consumption
and, furthermore, as proposed by [13], it would help
optimize generation systems and their installation in rural
areas. Before providing electricity services in indigenous
communities, it is necessary to design a special energy-
saving plan in order to design optimal energy systems.

In analyzing the data from indigenous communities on
their electricity use, we observed the high consumption for
lighting. These indigenous communities use light bulbs that
consume up to five times more power than more modern
bulbs; thus, it is essential to change the lightbulbs these

consumption of
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indigenous communities use and to promote an energy-
saving mindset in this population [22]. Government entities
must provide guidance and advertisements to promote
electricity-saving. This study can be applied to new
electricity users among indigenous populations, but much
more work is required in the preparation of pedagogic
material in the field of energy efficiency along with the
generation of awareness of this matter throughout the entire
community.

5. Conclusions

This paper focused on identifying how indigenous
populations in the upper and middle zones of the La Guajira
Department in Colombia save electricity or follow a plan
based on an energy policy. From the results obtained in the
research, it can be inferred that most of the indigenous
population in the Colombian Guajira do not manage the
culture of energy efficiency in terms of electricity
consumption. Additionally, their consumption behavior does
not follow a current regional or national-level energy policy
plan. Some fail to turn off idle appliances when they do not
need them and there are no energy awareness measures to
educate indigenous communities. Comparison of electricity
consumption of Wayuu communities and electricity
consumption the country’s residential urban dwellers with
similar socioeconomic level revealed that few indigenous
people use electricity efficiently as shown by the hours of
use of lighting and some appliances.

Although electricity is used to perform basic activities,
there is little justification for the high consumption rates of
some communities, particularly those that exceed
consumption rates of urban populations in low socio-
economic strata. In the last few years, the electricity
consumption threshold in Colombia’s energy policy has
been reduced, which is now a concern for indigenous
households that are over the minimum value subsided. To
counteract this trend, the inefficient use of electricity
services in rural indigenous communities must be managed
by government entities to avoid affecting their economies in
future. Our results are potentially useful for the design and
future implementation of systems not already connected to
the grid, such as generation systems based on solar or wind
energy. These mechanisms may address the lack of access to
electricity and improve the quality of life for these
communities. Therefore, it is necessary to implement
pedagogical measures to promote electricity saving. Future
research should analyze the economic viability of possible
cooperation between manufacturers and government to
eliminate older lighting systems, many of which date to the
last century. Our research also noted the lack of advertising
around electricity-saving and this may be a primary cause of
higher consumption rates.

This is an Open Access article distributed under the terms of the
Creative Commons Attribution License
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