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Abstract—This study presents the results of the evaluation of some strategies to promote adoption of
technologies that enable the use of renewable energy sources (RES) in Wayuu indigenous communities
located in La Guajira, Colombia. We used an agent-based model representing the collective decision
process within the communities, where three different types of agents are used to represent the members
of the communities and their influence on the process of decision making. This process involves several
discussions and meetings, using text to speech, lectures and training, and visits to other projects as
strategies. Subsequently, using the model, a factorial experiment was conducted to compare the impact of
various proposed and implemented strategies. The impact of the study measured the number of members
willing to adopt new technologies in the community. In this sense, the best results with respect to the
dissemination and adoption of RES in the communities under study were obtained by combining the
strategies of text to speech and training lectures.

Keywords—Agent-Based Simulation, Wayuu, Renewable Energy, Diffusion Strategies, Indigenous
Communities.

I. INTRODUCTION

The Department of La Guajira is located in northern Colombia and has geographical and climatic conditions
that present a great challenge for the population, particularly for the people living in rural areas. This does not
exclude the Wayuu communities that live today in very difficult conditions, affecting their living standards and
their expectations of survival as a culture[1]. The Wayuu are an Amerindian group of the Arawak linguistic
family [1] who live in household complexes called ranches, which are formed by a group of family dwellings.

This town is governed by a matrilineal kinship system, and its main economic activities are small livestock
and trade [2]. The Department of La Guajira has problems with utility infrastructure, and this is worse in the
villages, where road systems, telecommunications, electric power and water and sewage systems are inefficient
or non-existent[2]. The case of the communities located in the Upper Guajira is one such example, where one of
the main problems is the lack of electrical service due to the dispersed settlement pattern of these communities,
making the investment in electrical networks not financially viable.

As an alternative solution to this problem, the use of RES in these communities, such as wind energy, solar
photovoltaic, solar thermal, biomass, hydropower and so on, has been proposed by academics and some sectors
of the regional government[3]. Given the geographic and climatic conditions, the alternative generation methods
with more technical viability would be wind, solar photovoltaic and solar thermal, but the final selection will
result from further studies. The social and cultural aspects of the Wayuu are very particular, so the process of
adopting technologies for the use of RES is something that should be studied to ensure the success and
sustainability of energy projects for these communities. Therefore, in this study, an agent-based simulation
model is used to evaluate strategies that encourage the adoption of RES technologies in such communities.
Agent-based simulation is a computational tool to represent social systems, as studied in this research, and to
analysetheir behaviour[4]. The agent concepton which this tool is based is “a self-content program that can
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control its own actions, based on their perceptions of the environment”[5].The main properties of agent-based
simulationare set out below [5]:

e They are autonomous (can operate without direct human control or other agents).

e They are interactive (with social skills, interacting with their environment and/or other agents) and have
local knowledge (they receive only part of their immediate environment).

o With subjective perception, they have limited rationality.

e They are reactive (they perceive their environment and respond accordingly) and proactive (they can take
the initiative based on objective behaviour).

e In addition, theyhave the potential to be programmed to have adaptation, learning, sophisticated planning
and language (computer).

Literature shows various diffusion models, such as those presented in[6], where a model that determinedthe
probability of purchasing a new article at time T was related to the number of previous buyers. In recent years,
some authors have used it in the study of diffusion of energy innovations, as presented in [7]. The author
suggestedan agent-based simulation model, which integrates a single-choice behaviour, and impact from the
social network to which the person belongs, finding that this last can performan important task in diffusion
acceleration.

In[8],the authorsdeveloped an agent-based model that simulates the diffusion process of alternative fuels on
the market. This model consideredeconomic and social aspects in the decision process and feedback
mechanisms. Its main conclusion was that the adoption of fuel differences is mainly due to the price, but other
factors play an important role if the prices are similar. Similarly, in [9], the authorspresented an agent-based
simulation model aimed at identifying possible government interventions to improve the diffusion of heating
household technology based on wood pellets. They concluded that financial support and operational reliability
should be applied simultaneously to accomplish a successful diffusion of the studied technology.

In[10], the researchersproposed an agent-based simulation model for the diffuse study of a new heating and
micro-cogeneration technology regarding current alternatives. Within the household’s decision-making process,
the authors included economical, technological and social aspects, which allowed the suggested model to
properly describe the studied reality.This study concluded that the commercial diffusion of new technology is
significantly affected by fuel, natural gas and electrical energy prices, which must be considered when designing
incentive policies. In [11], the authors exposed a hybrid agent-based simulation model, which allows one to
evaluate the incentive and regulation effectiveness that promote photovoltaic solar energy systemdiffusion. The
developed model integrates system dynamics with agent-based simulation to promote a more realistic simulated
environment.

In addition to the documents found in literature related to energy innovation diffusion, different types of
innovation studies have been conducted, such as environmental innovations[12], which proposed a simulation
model of technology diffusion for domestic water saving; new products[13]-[17];and computer science
innovations [18],[19]. However, asearch showed a lack of studies related to the diffusion of renewable energy
sources in indigenous communities. In many countries, the zones where indigenous communities reside have
great energy potential for electricity generation, making it necessary to conduct studies such as the one
described in the present article, which allow us to understand the phenomena and contribute to the development
of this type of energy sources.

Il. METHODOLOGY
A. Sample

In the organizational characterization of the indigenous population living in the Upper Guajira, we considered
a total of 1603 households in the Uribia indigenous communities, according to the population[20]. Then, we
applied the probabilistic sampling method, given that all the elements (households) have the same possibility for
being selected in the sample, where the probability of each population subject starts from 50%.

The sample was calculated using (1), where n is the sample; N is the total population, equal to 1603
households located in the Upper Guajira;z is the trust level, equal to 90%, corresponding to 1.65 standard
deviations; p is the expected proportion, 50%, equal to 0.5 for being chosen or not. g=1 - P, (1 -0.5=0.5), and
e is the error, equal to 10%. With the values shown, we obtained a sample of 65 households.

72 % p*xqxN
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Fig. 1 showsthe Upper Guajiraarea and the route at the zone where the study was conducted.This route was

considered because it is in the zone where most of the Wayuu populationlives in the Upper Guajira.
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Fig. 1. Upper Guajira areas and the route at the zone of the highest Wayuu population. Source: Adapted from Google Earth®

B. Model Description

Fig. 2 shows the collective decision process of the agents that may participate in the decision process of
communities in the Upper Guajira. The agents included in this model are traditional authorities (red), advisors
(blue), leader convinced of the virtues oftechnology (green) and the general population (yellow). In the model,
all the agents that form the respective ranches are presented, including meeting places, generally an outdoor
salon without walls and with palm leaf ceilings (identified in the model bya white square in the centre).
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Fig. 2. Agent-based simulation model.

C. Agent Decision Rules

An important aspect of the model is that it represents the communication process between the members of the
ranches in general terms, considering important cultural aspects such as traditional roots, family membership
and territorial entrenchment. These elements determine the decision and instruction rules that govern agent
behaviour and predominantly mark the Wayuu collective responses[2]. This causes new community members to
adopt the elders’ principles and knowledge.
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D. Parameters and Initial Model Conditions

All members of the communities meettheir normalrolesand in the model have theirrespective colour
identifications. Then, westart to establish the initial conditions of the modelparameters, defining a deadline of
14days to setthe final meeting with all members of the respective communities for the decision-making process.
We also considered a speed parameter equal to five and a discussion-developing frequency of seven days.
Finally, the three selected strategiesare active to accomplish the technology diffusionpenetration that facilitates
the use of RES.

E. Decision-making Process

The decision-making process is different for each community. However, we considered a general process to
apply this methodology to start achieving a decision-makingprocess for each community. Fig. 3 shows the
general steps the communities follow to make the decision. Where TA is the traditional authority, CS is the
counsellors, CM is the community members, CL represents the community leaders, AD is the advisors, and PM
is the project members.

Parameters of the
algorithm, Time=0
and Tmax=360 d

Yes

[ Text to speech ]—h[ Step 1: Visit the TAand CL ]

Slep 10: TA communicates
the decision to the PM

L]
— Step 2: TA speaks to AD and

3 f
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Step 3: TA reponts the project the decision to all CM

ideas to all CM *
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Visit similar projects decision-making ideas decision to AD

A
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AD
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Has the TAa
decision?
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the AD

Fig. 3. Steps of the methodology applied to the study.

The important steps of this methodology are:
e Step 0. Start.

e Step 1. We visit the TA and the CL to explain the project idea. They listen, and at the end (a leader is
convinced, adopting the green colour), the TA convokes a first meeting with the AD and other CL to
analyse the project idea before discussing it with all the respective CM.

o Step 2. During the first meeting, the TA speaks with the AD and the CL. Then, they convoke a second
meeting for the CM to listen to the project idea.

o Step 3. During the second meeting, an assembly is conducted where the TA invites all CM to listen to the
project idea.

e Step 4. During a third meeting, the CM discuss all decision-making ideas.

e Step 5. During a fourth meeting, the TA meets with the closest AD, including the leaders, to conduct a
pros and cons project analysis.

e Step 6. During a fifth meeting, the TA meets with the rest of the AD. (These are the ones not so close to
the TA))

e Step 7. The TA makes a decision.
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o Step 8. During a sixth meeting, the TA expresses all the decision to all the AD.
e Step 9. In the seventh meeting, the TA tells all CM the decision in general assembly.
e Step 10. The TA invites all the PM to meet and tells them the decision.

e Step 11. End.
F. Technology-adopting Provision Strategies

We selected three strategies: text to speech (TS), lectures and training (LT) and visitsto other projects by the
indigenous population (VP). Inthe text-to-speech case, we proposed to convince acommunity member
(preferably an advisor), allowinghim/her to persuade the rest of the community toadopt the technology. In this
strategy, it is assumedthat the advisor plays the role of opinion leaderin the community. Regarding the lectures
and trainingstrategy for the indigenous population, these will be conductedfrequently by the experts in topics
relatedto RES. Likewise, the visits to other projectswill allow the indigenous people to learn about the
experiences of similarimplemented projects in other communities. For the evaluationof the suggested strategies
to promote RES adoption, an agent-basedsimulation model was designed using NetLogo [21]. We asked some
experts on population culture, a master in indigenous languages involved in training and research of Wayuu
ethnicity and a member of each community to verify the model considered in this research.Similarly, the
suggested model was presented toseveral leaders of each community, who hold the title of
‘pltche'ejachi’(orators) and are experts in resolving conflicts.

G. Sensitivity Analysis

A sensitivity analysis can be conducted considering various strategiesand decision variables.For example, if
the TS and LT strategies are disabled from the model, anagreement is not achieved among all the members of
thecommunity (i.e., not all become green). Likewise,if these two strategies are enabled and theVP strategy is
disabled, the community is convinced, a result that we failto obtain if the term is reduced from 14 to 6days
between the start of the process and the final meeting.

This last section of the analysisallows us to conclude that a week is enoughtime to achieve all community
members’agreementthrough the LT and TSstrategies. Furthermore, a model to conduct a factorialexperiment
was also used in[22],allowing the authors to evaluate the suggested strategies’ performancebased on the number
of adopting members.The experiment analysis was developed through avariance analysis, whose results are
shown in the followingsection.

I11.RESULTS AND ANALYSIS

Table | shows the variance analysis according to the strategy implemented to adopt technologies in the
studied indigenous population. This table shows that the P-values of all strategies and their combinations are
less than 0.05, which indicates they have relevant statistical effects over the adopting population obtained in the
simulation.

TABLE I. Variance Analysis for Adopting Population

Source of Sum of Degrees Mean F-value | P-value
Variation Squares of Freedom | Square
TS 36195.1 1 36195.1 | 2573.87 | 0.0000
TL 59902.6 1 59902.6 | 4259.74 | 0.0000
VP 3630.06 1 3630.06 | 258.14 | 0.0000
TSand TL 30189.1 1 30189.1 | 2146.78 | 0.0000
TS and VP 517.563 1 517.563 36.8 0.0003
TL and VP 495.063 1 495.063 35.2 0.0003
TS, TL and VP 232.563 1 232.563 16.54 0.0036
Total error 1125 8 14.0625
Total (corrected) 131274 15

For development of the experiment, the lowerlevel (-1.0) of each of the strategies was consideredthe absence
of the strategy, and the higher level (1.0) wasconsidered an intense implementation of thecorresponding
strategy.Regarding the case-by-case evaluated strategies, Fig. 4 shows the training lecture
effectiveness,achieving a mean of 150 adopting members in largeWayuu communities with 151 or more
members.
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Fig. 4. Indigenous people adopting RES technologies according to the use of a single strategy.
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Given that all the discussionstrategy combinationshave relevant statistical effects, the text-to-speech
andtraining lectures stand out in this test, achieving themost effectiveness and managing a mean of 241
adoptingmembers, as shown in Fig. 5, where AB indicatesthe TS and TL strategies, AC is the TS and VP
strategies and BC is the TL and VP strategies.
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Fig. 5. Indigenous people adopting RES technologies according to combinations of strategies.
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Table llshows the most effective strategies in renewable energy diffusionafter studying some Wayuu
communities. It is worth emphasising the variance analysis assumptions: normality, homoscedasticity and
independence of the residuals were verified.
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TABLE I1l. Most Effective Strategies for Adopting RES Technologies

Strategy Adopting Mean
Text to speech 136.375
Text to speech and visits 145.75
Lectures 150
Lectures and visits 159.5
Text to speech and lectures 254
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IV.CONCLUSION

This paper presented the results of the evaluation of some strategies to promote the adoption of renewable
energy technologies in the Wayuu indigenous communities located in the Department of La Guajira, Colombia.
The studyshowed that lecture training andtext-to-speech strategies to promote the adoption of RES obtained the
best results,with adopting means of 150 and 136, respectively.Furthermore, the combination of thetext-to-speech
and lecture training strategiesachieved a mean of 241 adopting members, which represented better results for the
promotion of RES technologies in this indigenous population. This finding could beobtainedbecausethe Wayuu
are a group with a dominant verbal tradition,and oral communication is fast and effective in these communities.
Theaforementioned implies that to improve the achievedresults, using combined strategiesbased on verbal
communication is recommended.Finally,it is important to point out that this research didnot consider aspects
such as promotion strategy cost, communication between communitiesor other relations between the Wayuu
population and the rest ofthe indigenous organisation in the country.
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