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Abstract. 

A socio-economie investigation was undertaken to examine the process of wind pump 
dissemination from manufacturer to end-user in Colombia. The products of five 
locally-based wind pump manufacturers and one foreign manufacturer ( through a 
distributor) are currently available on the Colombian market A sixth local manufac
turer has suspended production while two prospective manufacturers are vying for the 
rights to the designs of another foreign model. Two of the currently existing manufac
turers were examined in more detail: Industrias Jober and Centro Las Gaviotas. 

Throughout Colombia, three regions have been recognized with ample possibilities for 
wind pump implementation, namely the Andes highlands, the Bastem Plains and the 
Caribbean coastal region. Three municipal Departments were chosen from each 
region for the investigation: respectively Boyacá, Casanare and La Guajira. Each 
Department had its own typical (potential) end-user. In Boyacá, the small farmer/ag
riculturalist was the predominant end-user type. In Casanare, the large landowner / 
cattie rancher was the stereotypical end-user. And in La Guajira, the indigenous semi
nomadie and settled Wayuu communities were the investigated end-user types, 
although small and medium-sized laudowners are also potential end-users in this 
region. 

A model was set up to examine the dissemination process on the basis of five so
called factor clusters: the Physical/Ecological cluster; the GeographicalfDemographi
cal cluster; the Infrastructural/Political cluster; the Economie cluster; and the 
Cultural cluster. Each cluster in principle has to be positively inclined, i.e. conducive 
to wind pump dissemination. The model was applied to the two manufacturers, Jober 
and Gaviotas, and the three Department typical potential end-users. The model 
yielded the following results: 

The elirnatic conditions, geographical location, economie circumstances and 
personal dedication are all favourable to the marketing conditions for Jober. 
Govemment assistance however, is lacking and hampers the development of a 
mature market 
The politica! conditions for the manufacturer Gaviotas on the other hand are 
quite amenable. The psychological willingness embodied in the cultural cluster 
however is absent. 
In Boyacá, the economie circumstances for the (potential) end-user present a 
harrier to wind pump purchase while there is also a pervasively negative image 
of the wind pump technology. 
Casanare has all the potential of being an exploitable market, however the 
geographical location presents a number of problems. 
In La Guajira, the indigenous Wayuu end-users are also geographically and 
economically hampered. Furthermore, it is still unclear what the cultural 
effects are. 

The model as applied to the two manufacturers and three types of end-users are only 
to a limited degree extrapalatabie to the entire national wind pump situation. 
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Foreword. 
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They furthermore displayed a heartwarming amount of Boyacá hospitality and 
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Paul Smulders and Dr. Lex Lemmens. Paul supervised the technica! aspects of my 
work while Lex coached me along in structuring the socio-economie focus of my 
thesis. In this context, Dr. Giles Stacey and Dr. Paul Lapperrealso deserve a note of 
recognition. Giles was so kind as to step in for Paul Smulders at the last minute. And 
Paul Lapperre, besides being one of my supervisors, provided the employment 
opportunity that kept me financially afloat these last few months. Furthermore, I 
would also like to express gratitude towards J. de Jongh, who shared some of his very 
valuable expertise, and Joris ten Thije o.g. Boonkkamp for his analytica! feedback. 

Last and certainly not least, I once again would like to extend my love and gratitude 
towards my companion Femke Kruiderink, with whom I partook an academie 
adventure towards the M.Sc. 
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PREF ACE. 

The Eindhoven University of Technology provides the opportunity for students to 
follow an engineering programme in one of various technica! disciplines. Besides the 
traditional technica! fields of study, the university bas also recently introduced a new 
Masters of Science (M.Sc.) programme, "Technology and Society", which answers to 
the market demands for engineers that can cohere the ever-increasing complexity of 
technology with socio-economie needs. The students following this programme are 
required to follow socio-economie and technica! subjects in a one-to-one ratio, the 
latter of which in essence is a major at one of the traditional technica! faculties. The 
M.Sc. programme consists of three course modes among which the course mode 
"International Technology and Development Studies" focuses on international 
development issues. In order to conclude the course successfully, a M.Sc. thesis must 
be completed basedon a research assignment in a developing country. 

As a student enrolled at the faculty of Technica! Physics as well as at the faculty of 
Philosophy and Social Sciences, which offers the M.Sc. programme Technology and 
Society, I have sought to fulfil my dual thesis requirements in a common research 
field. The first investigation would be strongly technically-oriented while the second 
would place a greater emphasis on the socio-economie aspects. The combination was 
appealing in the sense that the two research projects would complement and enhance 
each other; i.e. the whole being greater than the sum of its parts. Fortunately, a 
unique opportunity presented itself in the field of wind energy technology. The Wind 
Energy Group of the Faculty of Technica! Physics at the Eindhoven University of 
Technology had recently embarked on an E.E.C. subsidized joint research project on 
wind pumps together with the University of Reading in England and the Universidad 
de Los Andes in Bogota, Colombia. I was offered the opportunity to fulfill the 
research requirements for the Faculty of Technical Physics within the framework of 
the E.E.C. project with the possibility of spending part of the research period in 
Colombia. Upon completing my work within the E.E.C. context, I would be able to 
extend my stay in Colombia and commence a socio-economie study of the wind pump 
sector, thereby completing the requirements for the course mode "International 
Technology and Development Studies". 

Xlll 



Chapter 1. Introdoction. 

1.1 Research background. 

For many centuries man has successfully harnessed wind energy on land as well as at 
sea. At sea, many countries in the past have owed their prospecity to their skilis at 
sailing. On land, wind machines used for irrigation date back to the Babylonian 
empire of the 17th century B.C. By the 7th century AD. the application of wind 
machines was quite common in Persia and by the 15th century they were being used 
in Holland and England for such purposes as draining lakes to reclaim new lands and 
grinding or milling grain [1,2]. With the advent of electricity in the 19th century, the 
wind machine was also used for the generation of electricity. The grain milling 
application has since been outdated and the common terms for wind machines, the 
windmill, has become a misnomer when discussing the pumping and electricity 
generation applications. More appropriate are the respective terms wind pump and 
wind turbines. 

The importance, application and use of wind pumps and wind generators have shown 
a bifurcated recent bistorical development. The wind pump has become obsolete in 
industrialized and populated centers and has been relegated to rural developing areas 
for irrigation purposes or for the extraction of potable water. lt has become a smali
scale smallholder tool. The wind generator on the other hand has become an 
attractive alternative for large-scale electricity generation in the form of wind parks 
from an environmental point of view. Partienlady since the oil crisis in the early ?Os, 
the importance of such alternatives have been seriously investigated. lt goes without 
saying that such large-scale projects can for the most part only be financed in the 
more industrialized countries. Small-scale initiatives in rural developing areas have 
been undertaken but in general the solar energy alternative has proven more 
accepted. 

The wind pump and the wind turbine can be considered two different systems which 
hamess wind energy. From a technica! point of view, research on for example 
aerodynamical aspects of these systems would fall under the same denominator, but 
from a socio-economie standpoint the two systems should be treated as separate 
entities. 

It is the former entity, the wind pump, which because of its market orientation in light 
of global "peripheral" development (i.e. the North-South and urban-rural disparities) 
experiences clear socio-economie constraints. It has been asserted that wind pumps 
have the technical and economie potential to provide urgent rural water needs in 
rural areas particularly in developing countries. It has however been ascertained that 
their market potential has not been fully realized because of technical, financlal and 
institutional constraints. 

The issue of wind pumps in national development has been the subject of numerous 
ad hoc investigations on a technica! as well as socio-economie level. The Consultancy 
Services Wind Energy Developing Countries (CWD), established by the Dutch 
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Cha ter 1. 

Ministry for Development Cooperation, promoted interests for wind energy in 
developing countries for a number of years, particularly on a technical level. The 
importance of the issue was also recognized by the World Bank and the United 
Nations Development Programme and under their auspices a Global Wind Pump 
Evaluation Programme (GWEP) was launched. This programme envisaged wind 
pump studies in 14 countries that were identified as having important developments 
in this field. More recently, in 1991, the successor of the CWD at the Eindhoven 
University of Technology in the Netherlands together with the Netherlands Energy 
Research Foundation organized an international workshop under the name "Wind 
Energy for Rural Areas (WERA)". This resulted in a renewed interest by the Dutch 
Govemment (DGIS) to explore global market demand for wind pumps with a 
worldwide data gatbering survey. 

It goes without saying that in every region, let alone in every country, the circum
stances that are conducive to wind pump distribution and development differ, but the 
manner in which the aspects, constraints, criteria, etc. can be structured can find a 
common base in a prognostic model. A systematic scientific approach to the problems 
of the implementation of smali-scale wind pump systems has not yet been realized 
satisfactorily. Hence, a universally-accepted model as such does not exist. This has 
already been ascertained by many researchers, and among those G. Jacobs. In bis 
investigation of the wind pump sector in the lloilo Province of the Philippines he does 
make a valuable attempt to identify constraints using bis own "descriptive model", or 
as he calls it, "framework". 

In the present report, an attempt is made to establish a prognostic model on the basis 
of an investigation on wind pump technology in Colombia. The descriptive framework 
provided by Jacobs is used as a starting point to identify constraints in a similar 
context. There is no reason to suggest why Jacobs' descriptive framework for the 
lloilo Province of the Philippines does not lend itself to global application. 

Colombia has a rich history of wind pump use. The elirnatic conditions in large areas 
of the country are favourable to its application. This was recognized at the interna
tional workshop preceding the GWEP initiative in 1984 and Colombia was one of the 
countries chosen for the wind pump study, completed in 1987. More recently, in 1993, 
the Dutch Govemment fnllnwed up their global market survey with a more detailed 
market study in three coL.' mries, one of which was Colombia. More importantly 
however, there has been a renewed awareness of the possibilities internally as well. 
Entrepreneurial initiatives have for example been undertaken with as well as without 
external support. Furthermore, noteworthy research activities are being realized 
within academie institutions and are being recognized by other agencies and institu
tions within the country. These efforts are not going unnoticed abroad as for example 
technical research cooperation with the Eindhoven University of Technology in the 
Netherlands subsidized by the Commission of Economie Communities is being 
realized. 

Against this background and in view of the seemingly favourable prospects, it was 
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Introduction. 

decided to undertake a comprehensive study of the wind pump sector in Colombia. 
Central to this investigation are the manufacturers, the end-users and nationalf
international institutions active in this field in Colombia. The essence of the study is 
the dissemination of the wind pump technology. From this perspective the constraints 
can be readily identified. 

1.2 Research objectives. 

Within the framework of this investigation, there were four overriding objectives 
which were considered essential for a comprehensive analysis of the wind pump 
sector: 

(1) 'To investigate the process of wind pump technology dissemination in 
Colombia and to examine the roZe of the actors in this process. 11 

(2) 'To identify and categorize critica! issues with regard to the implementation of 
wind pumps. 11 

(3) 'To investigate barriers/constraints and opportunities of the application of 
wind pumps. 11 

( 4) 'To introduce, apply and assess the validity of a model which defines critica! 
variables that are essential to the successful dissemination of wind pump technolo
gy.~~ 

The first objective encompasses a descriptive analysis of the wind pump sector. It 
examines the means by which the wind pump technology is disseminated from the 
manufacturer to the end-user and identifies the actors in this process. How does the 
manufacturer market bis product? How does the end-user obtain this technology? 
What economie, social, politica! and institutional mechanisms influence this process? 
This objective can be realized to a large extent with the application of G. Jacob's 
descriptive framework. 

The second objective is to identify the critica! issues regarding the implementation. 
What are the guiding motives bebind the procurement of the wind pump technology? 
What are the essential criteria that guarantee a conducive elimate for their implemen
tation? 

The third objective is to examine the harriers and constraints of wind pump dis
semination. What are the obstacles that hamper a successful implementation? What is 
the role of the various actors in this respect ? How can these be resolved? 

The fourth objective can be considered an attempt to transeend the descriptive nature 
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of Jacobs' model. A model is established by identifying and categorizing critica! 
variables in the wind pump dissemination process. It is then applied to the particular 
situation in Colombia. The variables are appraised according to their influence on the 
favourability of the dissemination process. Considering there are no known precedents 
to this attempt, the manner by which such factors will be assigned will be highly 
empirica!. 

Fulfilling the combination of these four objectives bas the ulterior objective of 
providing a comprehensive examination of the wind pump sector. It is a foregone 
condusion that such an objective is unrealistic but it is the ambition that justifies the 
attempt. 

1.3 Research Methodology. 

A combined research period of nearly ten months was realized in Colombia. In the 
first four months, active involvement was partaken in a wind energy project at the 
Universidad de los Andes, one of the academie institutions involved in this field. This 
project is being done in cooperation with the Eindhoven University of Technology in 
the Netherlands and the University of Reading in the United Kingdom, and subsidi
zed by the Commission for European Communities. Although, the involvement during 
this period was specifically a technically-oriented research activity, it provided the 
opportunity to become acquainted with the wind pump sector, particularly as regards 
the manufacturers. Since 1973, the Centro Las Gaviotas, an erstwhile non-profit 
institution tumed private company, bas participated in joint research work with the 
Mechanical Engineering Department of the Universidad de Los Andes. More 
recently, contacts have also been established with the manufacturers, Jober and 
Indussierra industries. 

Following the initia! orientation period, the final five months were actively spent 
analyzing the disseminarion process of wind pumps from manufacturers to end-users. 
lnitially, an attempt was made to ascertain the roles of the national actors on the 
wind energy scene. Thereupon the research focussed on a number of regions, namely 
the Departments of Boyacá, Casanare and La Guajira (and toa lesser degree Cundi
namarca, Meta and Vichada) where a more region-specific analysis of the disseminati
on and implementation of wind pumps was realized. Users and potential users were 
interviewed with respect to the advantages/disadvantages of implementing wind pump 
technology. Furthermore, inquiries pursuant the four major objectives were made 
using a questionnaire. Ultimately, the model as presented in chapter 2, was developed 
by identifying the key variables which serve as criteria for the successful implementa
tion of wind pump technology. Throughout the research period, active discourse was 
undertaken with not only (potential) end-users, but also with manufacturers, research 
institutions and government agencies, in the form of interviews and informal discussi
ons. This was further complemented by written/printed information, e.g. magazines, 
books, articles, etc. 
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lntnx!uction. 

1.4 Structure of the Report. 

The report has been roughly divided into four general parts. The first part presents 
the nature of the research and the theoretical background. The second part provides 
a backdrop to the investigation by sketching a number of profiles. In the third part, 
the protagonists, i.e. the manufacturers and end-users, are examined on the basis of 
the investigation. In the fourth part, a critica! retrospective analysis will yield condusi
ons and recommendations. 

The first part consists of the first two chapters: Chapter 1. Introduction. and; Chapter 
2. The Framework for a Model In the present chapter, chapter 1, the research 
background, the research relevance, research objectives and general research 
questions, and the research methodology have already been discussed. In this section, 
the structure of the report, i.e. the sequence of chapters is being outlined. In chapter 
2, Jacobs' descriptive framework is discussed and used to develop a model that 
assesses the influence of a list of variables on the dissemination process from 
manufacturers to end-users. 

The second part consists of the following chapters: Chapter 3. Profile of Colombia.; 
Chapter 4. Institutional Aspects.; and Chapter 5. The Wind Pump Technology. In 
chapter 3, profiles are successively given of the country, the energy sector, the wind 
pump sector and the relevant Departments. This chapter provides the backdrop to the 
investigation. In chapter 4, the institutional aspects are examined. The structure and 
policy of sector active institutions will be discussed. Government policies and 
incentives in partienlar will be looked at. Within this context, financing opportunities 
wi11 be touched on. In chapter 5, theoretical aspects of the wind pump will initially be 
explained. Thereupon, the technica! aspects of Colombian-based wind pumps will be 
discussed. 

In the third part, manufacturer and end-user considerations will be successively 
examined in the following chapters: Chapter 6. Wind Pump Manufacturer Considerati
ons.; and Chapter 7. Wmd Pump End-User Considerations. In chapters 5 and 6, the 
considerations for both manufacturers and end-users are discussed on the basis of the 
variables of the model discussed in chapter 2. Barriers and constraints will be 
identified in the process. The information gathered from the interviews with manufac
turers, end-users and institutions will be included in these chapters. 

The model will be assessed and conclusions will be drawn in the fourth and final part 
of the report. The corresponding chapters are: Chapter 8. The Model: Validity and 
Application.; and Chapter 9. Conclusions and Recommendations. In chapter 8, the 
model wi11 be subjected to a critica! analysis as to its validity in light of the investiga
tion. In chapter 9, general conclusions are drawn with regard to the dissemination of 
wind pump technology in Colombia. The conclusions would not be complete without 
a number of recommendations. 
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Chapter 2. A Framework and a Model. 

Strictly speaking a model is a representation of facts, figures and inferences of an 
entity or situation. It should be generally applicable and to a certain extent serve a 
predicting function. A framework, on the other hand, is a basic structure which 
supports and gives shape to these facts, figures and inferences. A framework does not 
predict; it describes. 

2.1 The Framework. 

The framework to be discussed below is an adaptation of Jacobs' framework, or 
rather Jacobs' descriptive model as it bas been called (see figure 2.1). Jacobs bimself 
admits that it would be pretentious to claim that bis model would fit the proper 
definition of a model. '1t rather is a 'framework' that is used for investigating the 
opportunities and constraints related to the application of wind pumps in the Greenwell's 
Programme in the /loilo Province. '13] 

In this framework, the wind pump is the focal point and is flanked by immediate 
supply and demand links, a manufacturing system and an end-user system.1 These 
two systems function according to a sequence of parameters, inputs, process and 
outputs. Inputs are needed to undertake a certain process and this in turn results in a 
number of outputs. It should be clear that such a system linkage between manufac
turer and end-user is a framework for any kind of technological unit. 

The wind pump system, which encompasses the wind pump technology per se as well 
as the flanking manufacturing and end-user systems, bas to be considered within a 
greater environment. This environment includes the physical and institutional 
environments. Both aspects influence the manufacturing and end-user systems. 

The physical environment contains elements which are beyond the influence of man. 
Some of these elements have a greater effect on the wind pump system than others, 
notably wind regime, rainfall and groundwater availability. 

The institutional environment directly and indirectly influences the wind pump system 
and will determine a number of opportunities and constraints related to the use of 
wind pumps. The institutional environment embraces the other actors in the wind 
pump technology dissemination process. The policies, programmes and activities of 
these institutions are the important elements in this environment. 

The framework provided by Jacobs is especially useful for this investigation where the 
manufacturer and the end-user take central positions in examining the dissemination 
process. It provides a descriptive means by which the wind pump sector can be put 
into focus. 

1 Jacobs, in hls study, speaks of a farming system. This has been generalized to be called end-user 
system so as to be applicable in the Colombian context. 
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I nstitutional 
Environment 

- National Govemment 
- Provincial Govemment 
- Credit I nstitutions 
- etc. 

Policies 
--------Programmes ________ _ 

capital 

:·· ............................... -- ................................. --- ..... -................................. -............................ -....................... -- .................... - -................. ------- ............. -- ........... -- ........... -: 
' ' ' ' : Wind Pump System · 

End-User 
System 

: ................ --... ... ......................... ------ ........... ---- ................. -- -...... ---- ................. -- ............................ ---... .. ...... ---- ................ ---- .................... --- ............ - -......... ---- ... : 

Physical Environment 
- Wind Regime 
- Rainfall 
- Grourd Water 

Figure 2.1. Jacobs' Framework. 

2.2 Critical Issues. 

There are a number of critical issues that are imperative to the realization of wind 
pump technology dissemination. J. de Jongh [4] has translated these critical issues into 
series of key requirements that must be met in order for the implementation of wind 
pumps to be bath effective and efficient. 

The most basic requirement for wind energy technology is suitable environmental 
resources, i.e. a conducive physical environment. Wind and water resources must be 
available. Particularly wind must be in abundant supply and favourable average yearly 
wind speeds are not by themselves sufficient indicators. Diumal and seasonal wind 
patterns and fluctuations must also be taken into account. 

The second requirement is the existence of a potenrial market De J ongh emphasizes 
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that this does not necessarily mean a commercial market Implementation of wind 
pumping systems are often plagued by institutional harriers and these can slowly be 
eroded away using incentives and subsidies until a commercial market is established. 

The third key requirement is the national or regional economie viability. In this 
respect, environmental factors play a crucial role. Unfortunately, it is difficult to 
appraise the added value of environmentally sound technologies. 

A fourth requirement is adequate financlal arrangements. Especially at the beginning 
of the implementation phase credit facilities for users and manufacturers alike should 
be available in order to attain commerciability. 

A fifth key requirement according to de Jongh is a specialized institutional infrastruc
ture geared towards the wind pump sector. In other words, at each phase of imple
mentation there should exist active specialist institutes that operate effectively. This 
would include indigenous manufacturers, maintenance companies, research institu
tions, etc. 

An implementation strategy aimed at developing a commercial market is the sixth 
incentive. This strategy bas to prescribe objectives and quality standards for the 
different phases of implementation. Successful implementation depends on adequate 
management at all levels by all actors. 

Technology and technology transfer is the seventh key requirement mentioned by de 
Jongh. He alleges that the development of appropriate technology is of utmost 
importance. The technology must be mature, adapted to local physical conditions as 
well as to local manufacturability and maintainability. 

The last requirement is long-term commitment by all the actors involved. Without this 
ingredient there is an absolute guarantee of failure. 

2.3 Harriers and Constraints. 

As is apparent from Jacobs' model, manufacturer and end-user activities are for a 
large part determined by the institutional environment. J. de Jongh furthermore 
suggests that a favourable countenance by all the actors on a long-term basis is a 
necessary requirement for the successful process of technology dissemination from the 
manufacturer to the end-user. The harriers to technology dissemination can therefore 
for a large part be sought in the attitudes of and the interaction between the manu
facturers, users and nationally and intemationally operating institutions. 

Bartiers are often induced by the attitude of the end-users themselves. A.K.N. Reddy 
[5] makes a classification of energy-users which is equally applicable to potential end
users of wind pumps. They can be typified as: ignorant; poor and/or first-cost 
insensitive; indifferent; helpless; uncertain; and inheritors of inefficiency. The ignorant 
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are unaware of the wind pump technology alternative and the corresponding costs and 
benefits. The poor and/ or first cost sensitive may be well-informed and aware of 
long-term efficiency but consider the initial cost harrier too high. The indifferent may 
be able to afford initial expenses and recognize the advantages of wind pumps but 
don't consider them important enough to warrant implementation. The helpless are 
those potential end-users who are motivated to implement a wind pump but are 
helpless in the face of all the problems of procuring, installing and operating the 
device. The uncertain are often those that are uncertain about the reliability of the 
technology and postpone their decision. The so-called inheritors of inefficiency would 
in this case be those potential end-users that would like to implement a wind pump 
but are hampered by external factors like the physical environment. 

Barriers to dissemination also emanate from the manufacturers. There are efficiency
blind manufacturers who provide low cost wind pump systems at the expense of high 
efficiency systems; they focus on the short term financlal benefits and neglect the long 
term benefits of product reliability. There are operating-costs blind manufacturers 
who minimize capital costs irrespective of the consequences of that decision on the 
energy-consumer who bas to cover operating costs. There are also technology 
deficient manufacturers who don't provide a quality product due to lack of technica! 
know-how. These manufacturers can be subdivided into the same classification as the 
potential end-users. 

The govemment of the country is another influential actor in the whole process. 
Reddy comes up with a classification of dissemination inhibiting attitudes similar to 
that for the end-users: the uninterested govemment; the skilis-short govemment; the 
govemment without adequate training facilities; the govemment without access to 
hardware and software; the capitai-short govemment of an infrastructure-poor 
country; the sales-promoting regulator; the powerless alternative technology promoter; 
the cost-blind price-fixer; the fragmented decision-maker; the large-is-impressive 
syndrome; and the large is lucrative sponsor. The uninterested govemment does not 
care about possible technology alternatives. The skiU-short government lacks the 
technical and managerial skill to recognize and promote alternatives. The government 
without adequate training facilities can not stimulate the adaptability of proven 
technology alternatives. The govemment without access to hardware and software 
does not have the information about alternative developments and successful 
implementation policies and programmes elsewhere. The capitai-short govemment of 
an infrastructure-poor country does not have a sound infrastructure for the dissemina
tion of wind pumps; it furthermore displays reluctance to invest in alternative non
generic technologies. The govemment as sales-promoting regulator stimulates a 
certain type of technology and/or energy-carrier through rate-setting formulae thus 
undermining other technologies. The govemment as powerless technology energy 
promoter does not wield enough power and influence to enforce alternative energy 
decisions in other departments or ministries. The govemment as cost-blind price-fixer, 
similar to the sales-promoting regulator, provides large subsidies so that consumers 
don't feel the pinch and are less inclined to implement other energy-based technol
ogies. The govemment as a fragmented decision-maker will promote a technology as 
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an idle initiative and not within a well-thought out national energy plan. The govern
ment is often susceptible to the large-is-impressive syndrome, consirlering large plants 
as grand exhibits of their concern for the populace. Finally, many government will 
profit in the form of larger commissionsas a large-is-lucrative sponsor. 

Other actors on the national scene also erect harriers to the successful implementa
tion of wind pump technology. Such are for example other energy-carrier producers 
and distributors (e.g. electricity, coal, petroleum products) which are centralization
biased and supply monopolists preventing attention to be paid and access to decentra
lized sourees of energy. Local and national financlal institutions hamper the dissemi
nation process on the end-user side as well as the manufacturer side because they 
might consider cost-saving alternatives, such as the wind pump could be, as less 
profitable. National research institutions often unwillingly plant harriers by emphasiz
ing large, prestigious investigations or by failing to develop wind pump technology for 
indigenous purposes. 

International, multilateral and industrialized country funding/ aid agencies also 
inadvertently hamper wind pump dissemination. Some agencies are inefficient 
technology exporters and support technological leap-frogging programmes in develop
ing countries. Others are only obsessed with the supply aspect. These agencies also 
very often have an anti-innovation attitude and prefer to promote large projects 
because of otherwise relatively high administrative expenditures. 

Certain key requirements must be met in order to realize successful dissemination of 
wind pump technology. These requirements can at least partially be met if the 
harriers and constraints to implementation are eliminated. 

2.4 The Model. 

The model that will be introduced attempts to prognosticate whether a technology 
will be manufactured and subsequently be purchased on the basis of five essential 
features which, for the model's sake, will be referred to as factor clusters. The essence 
of the model is based on the following premise: 

'The production, purchase and implementation of a technology can only be 
successfully realized when all five of the following ''factor clusters" are favourably 
disposed to both the manufacturer and the end-user: 

- the Physical/Ecological factor cluster 
- the Geographical/Demographical factor cluster 
- the Political/Infrastructural factor cluster 
- the Economie factor cluster 
- the Cultural factor cluster 

Each cluster is divided into a number of factor groups which in turn are composed of 
a list of variables and subvariables. The variables and subvariables cumulatively 
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determine whether a factor is favourably disposed, whereupon the combination of the 
assessed factors determine whether the cluster is favourably disposed. The five factor 
clusters and their corresponding factor groups and variables are tabled in tables 2.1 to 
2.5. 

The factors that determine the favourability of the physical/ecological cluster are the 
same for both the manufacturer and the end-user. The climate, hydrology, topograp
hy, geology, ecology and quality of the soil must be taken into consideration by the 
manufacturer in order to resolve whether he can provide a product suitable for the 
physical and ecological conditions. The end-user must determine whether the physical 
and ecological conditions engendered in these variables permit the installation/use of 
the technology. A low and/or unpredictable wind regime for example are conditions 
that render the use of wind energy ineffective. 

The factors pertaining to the geographical/ demograp bi cal cluster can be arranged in 
three categories, namely: population; location; and dispersion. The population and 
dispersion variables cover demograpbic aspects while location variables encompass 
the distance factor, i.e. distances to markets, centers, etc. 

The political/infrastructural cluster consists of the following factors: ser
vices/infrastructure, policiesflaws, government structure/functioning and govem
mental/non-governmental aid. All the corresponding variables determine whether the 
political/infrastructural elimate is conducive to the manufacture and purebase of 
technology. 

The meso- and macro-economie implications are incorporated in the economie factor 
cluster. Macro-economie variables such as terms of trade, international marketing 
networks and push/pull factors are variables more of a concern to the manufacturer. 
Meso-economic variables include pricing, marketing and employment aspects and 
affect both the production and purebase of the technology equally. The entire set of 
economie variables are combined into four factor groups: Prices; marketing; employ
ment and trade. Together they constitute the economie factor cluster. 

The cultural factor cluster is divided into two subclusters, the socio-cultural and 
psycho-cultural clusters. The socio-cultural factors include: social structure and 
stratification; indigenous organization; land tenure and inheritance; and household 
structure and functions. The socio-cultural aspects in a country are very important in 
influencing psycho-cultural aspects which are embodied in such factors as: manage
ment; knowledge; personal needs; and general attitudes. The ensemble of cultural 
factors can be decisive in the dissemination process. It affects the decision of 
manufacturers to enter the wind pump market and influences the purchasing behavior 
of potential end-users. 

It is clear from the above description that although the end-user /manufacturer 
eropbases are flip sides of the same coin, they have different angles of approach. The 
coin can not be fully appraised unless both sides are examined. 
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Physicai/Ecological Factor Cluster 

Climate Hydrology Topography Geology /Soils Ecology 

- temperature - surface water - elevation - texture -flora 
- precipitation - groundwater - relief/slopes - composition - fauna 
- wind velocity - water quality 

diurnal 
yearly 
average 

able 2.1. 'l'he .PhystcalfbcologicaJ t•actor Cluster. 

Geographicai/Demographical Factor Cluster 

Population Location Dispersion 

- density - distances to: - settiement patterns 
- composition markets - distribution 
- growth services - migration 

centers 

~.able 2.2. The GeographtcaljDemographtcalt•actor Cluster. 

InfrastructuralfPolitical Factor Cluster 

Infrastructure Policies/Laws Government Aid 

- transportation and - resource use - effectiveness - quantity /form 
communication - land tenure and -attitudes - coordination 

- availability of techni- reform 
cal assistance, credit, - agricultural develop 
etc. ment 

able 2.3. The lnfrastructuralfPohttcal Factor Cluster. 

Economie Factor Cluster 

Prices Marketing Employment Trade 

-inputs - intermediaries/ - wages - terms of trade 
-services marketing networks agr. sector - "la apertura" 
-transport - government bodies ind. sector 
-land rent -promotion serv. sector 
- capital - part-time/full-time 
-Iabour - Iabour skilis 

able 2.4. 'l'he bconom1c Factor Cluster. 
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Cultural Factor Cluster 

Socio-Cultural Factors 

Social Structure lndigenous Org. Land Household 

- status/mobility - kinship - customary rights - division of labour 
- authority /power - religious groups - land disputes - religion 

relations - voluntary associ - landlord-tenant - contacts 
- strains/conflicts ation relationships 
- decision-making/par - indigenous law 

ticipation - indigenous technical 
knowledge 

Psycho-Cultural factors 

Management Knowledge Personal Attitude 

- managerial capac- - education - needs, wants - innovation/change 
ities/skills - expenence - goals, expectations - cooperation/partici 

- preferences, motiv pation 
a ti on - government 

- perception, ideology 

able 2.5. The Cultural Factor Cluster. 

2.5.1 Quantification of the Model. 

By quantifying the model, a step is being taken beyond the descriptive framework 
provided by G. Jacobs. The ultimate objective of quantification is to draw qualitative 
conclusions about the dissemination process. Initial quantification involves the a priori 
assignation of weighted values to entities. This quantification is universa! for manufac
turers and end-users. A post-investigative appraisal is then individually asserted for 
manufacturers and end-user types. The combination of initial quantification and post
investigative appraisal will yield information as to the likelibood of wind pump 
dissemination. 

The a priori value of the subvariables (sv), variables (v), factors (t), subclusters (se) 
and clusters ( c) must he assessed in two manners: as entities ( e) an sich and in 
relation to co-grouped entities. Individually, variables and subvariables (a) must 
initially he appraised as either being decisive ( d)2 or simply instromental (i) in the 
dissemination process. A decisive subvariabie or variabie is one that is absolutely 
essential to the dissemination process regardless of the disposition of other variables, 
factors or clusters. A decisive subvariabie automatically entails a decisive correspon
ding variabie and in extension a decisive corresponding factor. All clusters can he 
considered decisive because it is inherent in the model's premise. With respect to co-

2 Decisive entities will be denoted by an asterix (*). 
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grouped entities, subvariables, variables and factors, regardless of their appraisal, are 
relatively weighted according to the following relation: 

(2.1) 

where fie is the number of co-grouped entities. The relative weighted value per entity 
lies between 0 and 1 with an "accuracy"3 to one decimal point. In the tables of 
Appendix A, the weighted value of each entity is given in square brackets. 

On the basis of the data obtained from the investigation, the lowest entity form, in 
this case either a subvariabie or variable, is assessed as to its incHnation with regard 
to the dissemination process in the partienlar context of the Colombian situation. The 
incHnation transmutes into a discretized scale (S) whereby negatively, neutrally and 
positively inclined entities are assigned respective valnes of 0, 1h and 1. Decisive 
entities are either negatively or positively inclined while instromental factors can also 
be neutrally inclined, i.e. uninstrumental. 

0 
0 

s~ll = 1 
(2.2) 

Higher entity forms such as variable, subcluster and cluster groups receive a discreti
zed assessment on the basis of their disposition (D) which is determined by combi
ning equations (2.1) and (2.2): 

"" "• 
D~ = <II se,d) ·<E s~ll. we) 

(2.3) 

e=l e=l 

where ~ are the number of decisive co-grouped entities. The disposition of the 
variabie group, the factor group, the subcluster and ultimately the cluster will be 
favourable (read: positively inclined) if De > lh. Similarly the disposition will be 
unfavourable (read: negatively inclined) if De < lh. For De = 1h there is a neutral 
disposition (read: neutrally inclined). Since a cluster is inherently decisive, the 
anomalous case of a calculated De = 1h will be interpreted as negatively inclined. 

3 Accuracy is actually an inappropriate word because the weighted values are subjectively assigned. 
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3.1 A Country Profile. 
3.1.1 Geography and Demography. 

Colombia is situated between 12°30 northem latitude and 40°13 southem latitude on 
the South American continent. It is the fourth largest country in South America and 
occupies a strategie position with coastlines along both the Caribbean Sea and the 
Pacific Ocean, and borders with Panama, Venezuela, Brazil, Ecuador and Peru. The 
country spans a territory of 1,141,748 square kilometers; roughly an east-west distance 
of 1000 km and a north-south distance of 1800 km. Colombia also boasts an extra
ordinary variety of landscapes. The highlands and mountain ranges of the Andes 
cover approximately 30 percent of the surface area. The three Andes ranges, the 
Cordillera Occidental, Central and Oriental, lie to the West along the Pacific coast. To 
the North, the Carribbean coastal plains are for the most part covered by savanna 
while in the Guajira Peninsula steppe-like vegetation is found as a result of the arid 
climate. To the East, an expansive lowland area covers 60 percent of the total 
Colombian surface area. In the South and East, this area is covered by tropical rain 
forests of the Amazon while in the North the grassy plains of Los LLanos stretch all 
the way up to the Atlantic coast. 

Despite its diverse topography, Colombia still bas a fairly stabie climate. The elimate 
varies according to altitude, ranging from tropical on the coast (with the exception of 
La Guajira which is predominantly dry) to temperate in the mountains. This supports 
a wide variety of agriculture of which world elass products inelude coffee, bananas, 
sugar, cotton, cocoa, palm oil rice, com potatoes and tropical fruits. One of its rising 
agricultural products is cut flowers. In spite of the favourable elirnatic conditions, only 
3.7% of Colombia's totalland area bas thusfar been cultivated, one-fifth of which is 
dedicated to growing coffee. 

Colombia is the second most populous country in South America with a current 
estimated population of 34.25 million people, which translates to a population density 
of 30 inhabitants per square kilometer. The population consists of various ethnic 
groups which can be divided into: Mestizos (persons of mixed white and lndian 
descent; 48% ); Mulattos (persons of mixed white and black descent; 23% ); whites 
(for the most part of Spanish descent; 20%); blacks (descendants of imported African 
slaves; 6% ); and Indians (native South Americans; 2% ). The inhabitants are pre
dominantly Roman-catholic ( > 95%) but there is also a minority Jewish community 
maintaining an important role in the country's commerce. The officiallanguage of the 
country is Spanish, however in the Andes region there are still a number of tribes that 
speak Indian dialects. 

Although over 70% of Colombians are urban-based, the country bas not experienced 
the same level of urban migration as elsewhere on the continent. The urban popula
tion is concentrated in the four main metropolitan areas (the capital Bogotá, Medel
lin, Cali and Barranquilla) which are home to 55.6% of the national population, while 
a further 12% live in the secondary cities of Cartagena, Cllcuta, Bucaramanga, 
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Manizales and Pereira. 

3.1.2 Bistory and Polities. 

The lndian civilizations that populated the territory of modern day Colombia were 
known for their craftmanship in gold, and it was the abundance of this preclous 
mineral in their land that allured the Spanish conquistadores in search of El Dorado, a 
legendary souree of gold. The first Spanish expedition to Colombia arrived in 1528 
and until the successful independenee movement three centuries later the conquerors 
ruled ruthlessly decimating a large part of the indigenous Indian population. In 1819, 
Simón Bolivar led the criollos, the locally-bom whites of Spanish descent, to victory 
over the Spanish and the newly-bom republic of Gran Colombia was established. By 
1826, the republic consisted of the present-day countries Colombia, Venezuela, 
Ecuador and Panama. Regional disputes resulted in the rapid secession of Venezuela 
and Ecuador and in 1903 Panama was also lost to the United States. 

The first politica! organization of modem day Colombia was based on a liberal 
constitution that established three basic arms of govemment ( executive, legislative 
and judicia!), with a concentration of authority in the President, a restricted franchise 
and a broad free market policy. By the second half of the 19th century, there were 
two dominant politica! movements, the Uberal Party whose constituency were 
merchants and artisans and the Conservative Party which drew its support from 
landowners and the church. The parties usually agreed on economie policies but 
diverged in their approach to religion and education. 

From 1850 up to 1948, the two Parties altematively dominated the politica! system for 
relatively long periods. The Conservatives strengthened the role of central govern
ment and established a close relationship with the church during their rule whereas 
the liberals tried to separate the church from the state and allowed state intervention 
in Iabour conflicts, land tenure and key economie sectors. 

In 1948, the likely liberal successor to the Presidency was assassinated and this 
marked the beginning of a prolonged period of politica! and social violence known as 
''La Violencia", whose repercussions are still feit today. The power vacuum created by 
the violence and feuding between the two Parties led to a coup d'etat by the military 
in 1953. The five years of military rule represented the only 'non-democratie govem
ment' in Colombia this century. By 1958 a successful transition to an appropriate form 
of government was realized. The two main politica! parties were forced to settie more 
than a century of feuding and establish an agreement known as the ''Frente Nacional" 
(National Front). A president of each of the two parties altemated every four years, 
and the congressional seats, administrative posts and judicia! appointments were 
equally divided. These coalition govemments, which lasted sixteen years, brought back 
prospecity and economie stability to the country as a result of essentially protectionist 
policies. Fiscal discipline was a trade mark of these govemments and this shielded 
Colombia from the economie chaos which was experienced in neighboring Latin 
American countries. 
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Since 1974, the liberals have dominated the politica! scene winning four of the five 
elections. This period bas been characterized by a move away from protectionism, 
''apertura económica", at the economie level but more importantly a relapse of 
violence resulting from the rise of a number of Leftist Guerilla movements and drug 
cartels. 

The major guerilla organizations began to appear during the years of the coalition 
regime Frente Nacional. The Fuerzas Armadas Revolucionarias de Colombia (FARC), 
the Ejército Popular de Liberación (EPL), the Ejército de Liberación Nacional (ELN), 
the Movimiento 19 de Abril (M-19), the Autodefensa Obrera (ADO) and the Parlido 
Revolucionario de los Trabajadores (PRT) began actions emulating the tactics and 
ideology of Che Guevara and Fidel Castro in Cuba. By the late 70s, the insurgents 
increased their activities sabotaging foreign investment activities and kidnapping 
wealthy Colombians. By 1988, three guerilla groups were negotiating with the 
government and were allowed to participate in the 1990 elections. The politica! wing 
of M-19 managed to acquire 12.6% of the vote. The FARC and the ELN have 
continued their sabotage and kidnapping activities. 

The 60s also saw the emergence of drug traffickers, smuggling locally-produced 
marijuana abroad by means of existing contraband routes. By the middle of the 70s, 
cocaine had replaced marijuana and as demand and profits reached unexpected high 
levels, powerlul crimina! organizations known as drug cartels were established, of 
which the Cali Cartel and Pablo Escobar's Medellin Cartel are the most famous. They 
have maintained control of the business through violence and terror and are held 
responsible for thousands of murders. Their business exports were estimated to be 0.5 
hiliion US dollars in 1991 which constituted 6.6% of Colombia's export earnings. 

Surrounded by an atmosphere of terror, the current Uberal President César Gaviria 
Trujillo bas instituted new constitutional reforms which among others facilitate the 
entry of new politica! parties and decentralize the power of the government, and 
instigated new economie reforms which endorse the apertura policy and the 
privatization of the economy. 

3.1.3 Economy, Trade and Industry. 

Colombia is a country of considerable economie potential. It is rich in natural 
resources and bas a strong tradition of individual entrepreneurship. The economy bas 
been one of the most consistently stabie in South A.m.erica with an uninterrupted 
growth for 35 years. In the 80s, it was the only country, along with Chile, that had a 
positive average growth; real growth over the decade '80-'89 was an average of 3.5% 
whereas the population growth over this period was only 2%. Unlike most South 
American countries, Colombia bas refused to finance and support many unprofitable 
state industries. Furthermore, Colombia bas also managed to keep the foreign debt 
burden to within reasonable proportions ($17.4 billion dollars US in 1991) - approxi
mately 38% of the G.D.P. ($46.0 hiliion dollars US in 1991) - as opposed to other 
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South American countries. The country has never rescheduled its external debt 
payments and the 'lost decade' label does not apply to it. The G.D.P. breakdown in 
1991 was as follows: agriculture (22.5% ); mining and manufacturing (25.4% ); 
commerce (9.1%); transportand communications (8.8%); financlal services (14.4%); 
social services (16.1%); and other (3.7%). In 1992, the per capita G.D.P. in Colombia 
was approaching $1,500 dollars US. 

Colombia has experienced a transition to diversification of exports in the last number 
of years. Agricultural exports, which represented 66.8% of the total in 1986, feil to 
31% in 1991, while mining and manufacturing exports increased to 24.6% and 44.4% 
of the total earnings in 1991. Coffee exportsin particular decreased from 51% of total 
exports in 1986 to 18% in 1991, with oil and derivatives now the largest single export 
at 19%. Other major exports include coal (8.6% ), bananas (5.6%) and fresh cut 
flowers (3.2% ). The smuggle of cocaïne, marihuana, gold and emeralds also provide 
an important souree of revenues, however it has not been possible to estimate exact 
figures. The structure of imports has remained relatively constant over the last six 
years with intermediate products and raw matenals representing 55.9% of the total in 
1991, foliowed by capital goods at 31.6% and consumer goods at 12.5%. The trade 
balance in 1991 was $2.0 billion dollars US, an indication of astrong economy. 

3.2 An Energy Sector Profile. 

Colombia is relatively well-endowed with sourees of energy. Not only is there an 
adundance of fossil fuels but also hydropower, solar energy and other renewable 
energy sourees have favourable prospectives. 

3.2.1 Conventional Sourees of Energy. 

HYDROPOWER AND ELECTRICI1Y. 
Colombia is a country with abundant water resources. It also experiences one of the 
highest average annual rainfalls in the world and although the distribution of rainfall 
is not homogeneaus throughout the country, all the geographical regions have access 
to this resource. There are altogether approximately 28,500 hydrographical basins 
which together make up the national hydrological network. 

The mountainous topography along with the extensive hydrological reserves offers a 
natural souree of hydrapower and its estimated potential of 120,000 MW is ranked as 
the sixth largest in the world. More importantly, approximately 75% of this potential 
is located near the principal urban and industrial centers, where the majority of the 
population is concentrated. Approxmately 308 sites that seem economically feasible 
for exploitation by large scale hydroelectric plants have been identified. About 2 
dozen hydroelectric plants were in operation by 1990 with a combined installation 
capacity of 6560 MW. Currently nearly the entire national electricity supply is 
generated by hydroelectric plants. This singular dependency had disastrous conse
quences in 1992 and 1993 when a prolonged drought led to the rationing of electric-
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ity. 

HYDROCARBONS AND COAL. 
In 1992, Colombia's oil production was 425,300 barrels per day. This bas increased 
threefold since the beginning of the 80s and is due to important oil finds like Cafto 
Limón in the Department Arauca and the more recent discovery of the Cusiana 
oilfield by British Petroleum in the Department of Casanare. The oil reserves in 1991 
were 1. 7 billion barrels which did not include the Cusiana oilfield, which was 
estimated to have 3 billion barrels. Despite these discoveries, 70% of Colombia 
remains unexplored. Colombia is an exporter of crude and fuel oil but at the same 
time imports most of its refined products such as gasoline. 

Coal is the largest fossil fuel souree in Colombia, with high quality proven reserves of 
16500 million metric tons. These represent 70% of the Latin American reserves. The 
largest mining project in Colombia is El Cerrejón, a large open air coal mine located 
in the Department La Guajira. It is a joint venture between Exxon and Carbocol, the 
state-owned coal company, and required an investment of $8.6 billion US dollars. By 
the year 2000, its effect on the trade balanceis expected to be $7.2 billion US dollars. 
Colombia's coal reserves amount to 28 billion tons while the 1991 production was 
23.6 million tons. 

In Colombia, the government owns all the mineral reserves. Any company interested 
in exploring certain areas of the country for coal or oil must first obtain a license 
from respectively Carbocol or Ecopetrol, the state-owned oil and gas companies. 

3.2.2 Non-Conventional Sourees of Energy. [15,16] 

Colombia bas only partially evaluated its non-conventional sourees of energy. Besides 
wind energy, solar energy, biomass and small hydroelectric plants find limited 
application and have realistic short-term potential. For geothermal energy, ocean 
thermal energy and nuclear energy, the prospects are less favourable. 

SOLAR ENERGY. 
Solar energy is perhaps the only renewable energy souree that bas reached a relative
ly mature stage in Colombia with extensive local research activities and independent 
commercial production. Nevertheless, the degree of penetration is generally speaking 
low and its contribution to the energy balance of the country is negligible. 

Solar technology is used mainly for the purpose of heating water. It is used in the 
capital Bogotá to some degree but bas found more widespread application in rural 
areas. The diffusion bas been limited to residencial and private properties. Disagree
able elimate conditions, high electricity bills or the absence of electricity altogether 
have made solar heaters attractive. More than 6000 systems have been installed 
nationwide. 

Photovoltaic systems used for the generation of small quantities of electricity have 

21 



Cha ter 3. 

also found limited application. They have mainly been used for smali-scale lighting 
purposes on ranches and country houses, known as fincas, and the extension of the 
telephone network. More than 12000 photovoltaic systems had been installed by 1990, 
of which the National Telephone Service (Telecom) had installed 3005 as part of a 
program to expand their rural network. 

BIOMASS 
Colombia bas enormous biomass reserves in the form of large stretches of rainforest 
in the Amazon region, along the Pacific coast and in the valleys of the large rivers 
between the Cordilleras. Despite the extensive reserves, the use of biomass as an 
energy resource bas been restricted by the difficulty of transportation and accessibility 
for potenrial users far from this energy source. lts use bas generally been limited to 
localized regions where it is the only available energy source. 

The contribution of biomass to the national energy balance, effectively represented by 
the use of wood, is approximately 15%. lts importance is most notabie in the 
residencial sector (50%), although its share is expected to decline in the long-run. 
The majority of the consumption of biomass occurs in simple cooking stoves and also 
in agro-industries which process sugar and candies. More technica! projects like 
biogas plants have thusfar found minimal application. 

SMALL-SCALE HYDROPOWER. 
The use of hydropower in Colombia, dates back to the end of the 19th century. 
Engineers were already able to convert hydro energy to electrical power and did so 
particularly for the benefit of the coffee plantations. At the beginning of this century, 
the use of hydroelectric power expanded rapidly and by 1930 there were approxi
mately 220 small hydroelectric power plants. However, in the course of time the 
smaller plants were abandoned in favour of larger projects even though an infrastruc
ture conducive to their installation and operation had to a certain extent been 
established. 

Harnessing hydro energy on a small scale (by small scale is meant a plant capacity of 
less than 500 kW) could yield 20,000 MW assuming the installation potentialis in the 
order of 20,000 systems with a capacity of less than 40 KW. However, despite this 
large potential, it bas not been technically feasible to realize any significant advance
ments on a smali-scale level because of various reasons: economie factors; priority to 
large-scale hydroelectric plants; lack of any kind of strategy or incentive for the 
development of this energy alternative. 

OTEC, GEOTHERMAL AND NUCLEAR ENERGY. 
Colombia bas extensive coastal borders with two oceans. The surface water tempera
ture in certain coastal regions can reach 25° to 27°C, which provides the possibility of 
exploring ocean thermal energy conversion. Similarly, volcanic activity in various areas 
of the country provides the opportunity to exploit geothermal energy. Also, uranium 
ore reserves estimated in the order of 20,000 mettic tons suggest that there are 
possibilities for nuclear energy. 
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Nevertheless, despite the climatological and geological prospectives, these renewable 
energy alternatives will not be viabie in the near future because the technological 
know-how is not readily available while the large hydroelectric potendal and extensive 
coal reserves still have lower opportunity costs. 

3.3 The Wind Pump Sector Profile. 
3.3.1 Physical Resources. 

Por the purpose of examining the distribution of physical resources relevant to the 
wind pump sector, the physical map of Colombia can be divided into five natura! 
regions: the Caribbean Lowlands; the Pacific Coast; the Andean Region; the Bastern 
Plains (los llanos) and the Amazon. 

WIND. 
The elirnatic conditions in the country are for the most part affected by the general 
atmospheric circulation of the tropics. When the summer solstice takes place in the 
southern hemisphere (January), the pressure and wind systems move southwards and 
the low pressure belt reaches its most meridional position (5° S). As a result, from 
December to March, the Caribbean region, the Bastem Plains and part of the central 
region are influenced by the northeast trade winds. Similarly, the low pressure belt 
reaches its most septentrional position (12° N) in June when the summer solstice in 
the northem hemisphere takes place. During the months June to September, the 
trade winds of the south prevail in the Bastem Cordillera and the Bastern Plains. 
During certain parts of the year the central part of the country experiences the 
influence of both trade wind systems. The northem and southem parts of the country 
are only affected by the respective wind systems during part of the year. 

The most promising part of Colombia for wind energy exploitation is the Caribbean 
Lowlands region where annual mean windspeeds range from 5 to 9 m/s at a height of 
10 meters. The peninsula of La Guajira shows the most favourable wind regime in 
this area, having daily averages of up to 15 m/s in some places. Throughout the 
Andes mountain ranges, there are distinct regions with annual mean wind speeds 
above 3.5 m/s, which is generally considered sufficient for wind water pumping. 
Diumal variations are strong in the Andean region due to the typical mountain-valley 
air currents. The wind regime in the Bastem Plains, albeit not very favourable, is also 
sufficient for wind pump applications. Seasonal variations occur as a result of the 
shifting trade winds. Virtually no wind data is available of the Pacific and Amazon 
regions, however it is known that long periods of calm reign throughout the year. 

WATER. 
As mentioned earlier, Colombia has abundant water resources and high precipitation 
levels are registered in many regions of the country. In the Caribbean region, the dry 
and rainy seasons are well-defined. Generally speaking, the rain season begins in 
April and May and lasts till November. The dry season is from December to March 
and precipitation is scant. In the peninsula of La Guajira, these seasonal conditions 
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are more extreme with a prolonged dry season and the lowest rainfall figures of any 
region in Colombia which makes it a very arid region. In the Andean region, there 
are more frequent seasonal precipitation changes. Normally, the first three months 
are dry, the next three months from March to June are relatively cold and precipitant, 
followed by another three dry months and again three wet months. Along the Pacific 
Coast, the region experiences the most rainfall in the Americas. The precipitation is 
less towards the south and rainfall diminishes considerably in the months of January, 
February, March, June and August. In the Amazon, there is also high annual rainfall 
which is caused by the continuous presence of the active equatorial trough. In los 
llanos, the regime of dry and wet seasons are similar to those in the Caribbean 
region. 

The abundance of water resources can also be found at subterranean levels. In the 
Caribbean region, acquifers generally contain brackish and saline water and do not 
make them exploitable. The few fresh water acquifers supply smaller towns. In the 
peninsula of La Guajira the ground water conditions are more adverse, with deep and 
few fresh water sources. In the Andean region the most important groundwater 
extraction takes place in the Bogotá basin where there are more than 1,500 boreholes 
less than 100 meters deep. In the Cauca region, there bas also been some significant 
groundwater exploitation with some 1,500 wells at adepthof 100 to 200 meters. The 
large hydrographical basin of the Magdalena valley, through which the Rio Magdale
na passes, is difficult to exploit because of difficult drilling conditions. In the Pacific 
Coast region, acquifers are largely covered by dense rain forest or marshes. The 
Amazon basin is similarly covered by a dense rain forest and marshes; there is also 
significant seasonal flooding in many Amazon regions. In los llanos, water is found at 
shallow subterranean levels, sometimes at less than 5 meters. 

LAND. 
The older and more populated areas of the country have well established patterns of 
private land ownership. This particularly includes large parts of the Andean and 
Caribbean coastal regions. The Guajira peninsula is a noteworthy exception because 
semi-nomadie pastoralists roam a large part of the area. Along the Pacific Coast, 
there are sporadic settlements and little claim bas been made to land. In los llanos, 
large parts of the open savanna have been claimed and are used mainly for cattie 
grazing. In the Amazon region, the population consists of an important number of 
indigenous Indian tribes and no large claims have been made to the land. 

3.3.2 Past and Present Status of Wind Pumps. 

Wind pumps in Colombia have mainly been used for extracting groundwater for 
human and animal consumption. The wind pump bas only been sporadically used for 
irrigation purposes. Generally, the owners of wind pumping systems have been private 
property owners. 

The first wind pumps to be installed in Colombia date back to the 1920s. The first 
large scale importation of these systems was undertaken by the State Agricultural 
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Bank, La Caja Agraria, between 1940 and 1955. These wind pumps were manufac
tured by the Aermotor company in Chicago, Illinois (USA). The Caja Agraria 
thereafter continued importing wind pumps from a variety of other manufacturers -
Southem Cross from Australia, Climax and more recently Steward & Lloyds from 
South Africa - while also still importing from the former Aeromotor subsidiary in 
Argentina, which in the meantime had changed its name to Fiasa. Up until 1980 the 
total number of wind pump systems imported by the Caja Agraria was estimted at 
3000. Of these wind pumps, a large number were purchased by the govemment and 
installed in the peninsula of La Guajira for the benefit of the semi-nomadie indige
nous peoples. About 600 original Aermotor systems were reported installed in this 
region and it is uncertain how many are still operational. The rest were purchased by 
private consumers, sometimes on favourable terms, and many are assumed ( approxi
mately 500) to have been installed in the Bogotá savanna. The rapid growth and 
enlargement of Bogotá in the past 20 years and the corresponding extension of the 
electricity and water supply forced these systems to be abandoned. Today, hardly any 
of these systems are functional and simply decorate the landscape. 

Towards the beginning of the 1960s, an independent entrepreneur, whohad provided 
maintenance of wind pumps on behalf of la Caja Agraria, started manufacturing 
copies of the American multi-bladed design. By the 1980s he had established the 
company Industrias Metálicas Indussierra and was manufacturing the wind pump 
model on a full-time basis. He provides the design for different tower heights, rotor 
sizes and pump diameters, according to consumer desire and needs. With the 
exception of the purebase of leather cups, all components are manufactured in the 
workshop. The wind pump bas a gearbox of welded steel and structural components 
are hot-dip galvanized. No performance data are available. The installed price is 
between US $900 and $1200.1 Mr. Sierra claims to have sold more than 2000 wind 
pumps since 1955. 

In 1973, the non-profit organization, Las Gaviotas, started to develop the first 
Colombian-designed wind pump in conjunction with the Universidad de los Andes. 
This resulted in the manufacture of the MV2E (Molino de Viento doble Efecto) wind 
pump, which is a lightweight design with a double-acting pumping mechanism. There 
is a factory located in the Department of Vichada in los llanos that manufactures the 
MV2E wind pumps. The ex factory sales price of the MV2E is US $660 and over 
8000 have been claimed to have been sold throughout Colombia and abroad since 
their initial production. Other wind pump models have been developed with and 
without the cooperation of the Universidad de los Andes but none have been as 
successful. 

In 1979, an ex-employee of Gaviotas independently introduced a second lightweight 
wind pump, the Gavilan wind pump. The design consisted of a rotor and a cable to 
lift the plunger; the user was expected to construct bis own tower. This lowered the 

1 The exchange rate in December 1992 was on average 800 Colombian pesos totheUS dollar. For 
simplicity's sake, this exchange rate will be adhered to in all further discussions. 
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sales cost and required the user to become actively familiar with the system. In 1982, 
the wind pump went out of production after 132 copies had been sold. 

In 1984, the brothers JQrge and Bemardo Castro established the company JoBer 
Industries in Duitama Boyacá, and started experimenting with the development of a 
wind pump. Currently, there are three model sizes of their own design. The largest of 
these bas a gearbox while the others have a simple crank; all have single-acting 
pumps. The installed price for the wind pumps range from US $900 to $2200 
depending on the model size. More than 500 wind pumps have been claimed to have 
been sold since 1984. 

In 1988, a foundry workshop in Y opal Casanare, named Talleres Holanda and run by 
the two Martinez brothers, started manufacturing wind pump copies on demand. They 
have sold 50 wind pumps in the past 5 years and eventually want to engage solely in 
wind pump manufacture. 

In 1990, El Manantial, established by Jose Baquero, started production of an 
American wind pump copy. There are three rotor sizes available and the two larger 
ones are said to pump from a head of 50 meters. Approximately, 50 have been sold 
and the prices start at US $3000. 

Currently, Gaviotas, a manufacturer of agricultural tools called Metalmecanica 
Agroindustrial and a partnership of two technical wind pump experts are vying for the 
license to manufacture and market the CWD2000 wind pump. This wind pump is a 
model designed by the Dutch CWD for the specific purpose of application in 
developing countries. 

In Cali, V alle del Cauca, a distributor of Fiasa wind pumps bas been operating for 
the past number of years. It is unknown how many wind pumps have been sold 
through the distributor but just recently they agreed to deliver 30 Fiasa wind pumps 
to the Department of La Guajira. 

Since its original introduction, the wind pump seems to have grown from a simple 
government initiative to a tender market-based activity. The current manufacturers 
have all developed their products independently with only Gaviotas having received 
financlal and technica! assistance. 

3.4 Departmental Profiles. 

The state of the wind pump sector throughout Colombia can initially be determined 
on the basis of a global _regional analysis. According to the hydrographical, ecological 
and climatological conditions along the Pacific Coast and in the Amazon basin, there 
does not seem to exist a potential for wind pump use in these regions. For that 
matter, the existence of wind pumps bas not been ascertained in these areas either. 
The Caribbean, Andean and Eastem Plains regions on the other hand have a proven 
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potential and the existence of these wind pump systems is widespread. In order to 
examine these regions more closely, three Departments, one located in each region, 
were chosen for investigation. The Departments Boyacá and Casanare were con
sidered to a large degree representative of their respective Andean and Bastem 
Plains regions. The Department La Guajira is more of an exception or rather an 
acute case of the situation along the Caribbean Coast. It was nevertheless chosen for 
examination because of the available data and proven potendal for wind pumps. 

3.4.1 Boyacá. 

The Department of Boyacá is located in the center of the country on the cordillera 
oriental of the Andes mountain range, north of the district capital, Bogotá. It bas four 
different climatological areas but can be considered as having a elimate representative 
of the Andes region. The size of the Department is 23,200 square kilometers, 2% of 
the total national surface area. There are over a million inhabitants in Boyacá, of 
which 150,000 are located in the capital Tunja, located at an altitude of 2820 meters 
above sea level. 

The Department of Boyacá was originally the home of the Chibcha or Muisca Indian 
tribes before the Spanish conquests. It later became the scene of the decisive battle 
for the independenee movement of Colombia. It bas strong Spanish colonial influ
ences while the people still have strong Indian features. It officially became a 
Department in 1821. 

The main economie activities in Boyacá are in the agricultural sector. There is 
particularly a large production of potatoes which are exported to among others 
Germany. The industrial activities of the Department are concentrated in Duitama 
and Sogamoso where there are iron/steeland cement factories. 

3.4.2 Casanare. 

The Department of Casanare is located in the northeast part of the country in the 
region of los llanos. It occupies a mostly flat area of 44,640 square kilometers which 
lies to the east of the cordillera oriental hordering the Department of Boyacá. The 
elimate is typical of the Bastem Plains region. There are approximately 110,000 
inhabitants of which 35,000 live in the capital of Yopal. 

The first wave of large settiement in Casanare occurred in the wake of La Violencia. 
It was settled by supporters of the Uberal Party whom were fleeing the partisanship 
violence. Casanare was an integral part of the Department of Boyacá until it became 
an Independencia in 1973. In 1991, it became an independent Department 

In 1991, the Cusiana oil field was discovered in Casanare. It was the largest oil find in 
the history of Colombia. Beopetrol and its foreign partners, British Petrol, Tritón 
from the USA and Total from France, are exploiting the oil field. The income 
generation of this Department is almost solely based on this discovery. The second 
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large economie activity of the Department is cattie raising. There are over a million 
and a half head of cattle. More recently there has been some cultivation of African 
palm trees, rice and sorghum. 

3.4.3 La Guajira. 

The Department of La Guajira became recognized as such in 1964 after it seceded 
from the Department of Magdalena. It occupies the northernmost part of the 
Colombian territory on the Guajira peninsula, which is shared with the Republic of 
Venezuela, along the Caribbean Coast. The land is generally considered hot, dry and 
inhospitable with, as mentioned above, extreme climatological conditions for the 
Caribbean region. The peninsula has a long period of drought, from January until 
September and even October. In the northem part of the peninsula, the situation is 
more acute. The lack of precipitation and the continually strong winds have denied 
the landscape a vegetation layer. During the months October to January torrential 
rainfall and a subsirled wind regime typify the elimate. During the subsequent drought 
period, water is obtained from artificial reservoirs accumulated during these wetter 
months. 

The Department has nearly 250,000 inhabitants, about 60% of whom live in the towns 
of the nine municipalities scattered mainly in the southem part of the Department 
The two important cities of the Guajira are the capital Rioacha and the border town 
Maicao. 

The peninsula is also inhabited by a semi-nomadie group called the Wayuu. The area 
in which they roam is nearly 15,400 square kilometers of which 12,000 are in 
Colombian territory. The Guajiran population is estimated at over 100,000 people 
whom are heterogeneously distributed throughout this area. They are pastoralists and 
usually live in traditional settlements called rancherlas which consist of a group of five 
toten houses. The social organization of the Wayuu is basedon family kinships. They 
do not have a centralized political organization, but are organized under kinship 
principles wherein family ties carry out a fundamental politica! role. 

The inhospitable elimate and aridity of the peninsula have made economie develop
ment difficult. The principle economie sector of the region is therefore, not surpris
ingly, mining. El Cerrejón, the largest coal reserve in Colomba, is located on the 
peninsula and at Manaure, salt is exploited. Agriculture is being developed in the 
south of the Department where the elirnatic conditions are more agreeable. 
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4.1 Structure of Institutions. 

The national constitution of Colombia bas established that the country be govemed 
by three bodies: the executive, the legislative and judicia! branches (see figure 4.1). 
The executive branch is headed by the President, who serves a four year non-renew
able term, and leads a cabinet of 14 ministers, which he appoints himself. The 
administrative departments such as the security, national planning, etc. also fall under 
his jurisdiction. There are furthermore 32 publically-elected govemors for the 32 
Departments and 1,204 mayors for the municipalities which belong to this branch. 
The legislative branch is comprised of two chambers: a senate and a chamber of 
deputies. The senate bas 102 seats and is elected nationally while the chamber of 
deputies has 161 seats and are elected regionally. The judicia! system consists of five 
bodies: the Supreme Council; the Attomey General's Office; the State Council; the 
Constitutional Court; and the Supreme Court. 

The execution of the social and economie development of the country lies in the 
hands of the executive body. In this respect, the CONPES, Consejo Nacional de 
Polinca Económica y Social (National Council for Economie and Social Policy), is the 
govemment's principal advisory body. The council makes recommendations to 
congress based on its assessment of each Department's needs. lts principal souree of 
information for its recommendations is the National Planning Department (DNP). 

Within the executive branch, there are three ministries in partienlar that in the area 
of social and economie development deal with the energy issue and more importantly 
with the alternative energy aspect. These ministries are: the Ministry of Mining and 
Energy (Ministerio de Minas y Energia - MME); the Ministry of Education (Ministerio 
de Educación Nacional - MEN) and the Ministry of Agriculture (Ministerio de 
Agricultura - MA). These ministries have certain departments and institutes directly 
involved in the energy sector. 

4.1.1 The Ministry of Mining and Energy. 

The Ministry of Mining and Energy is essentially burdened with adopting a national 
policy for: 

the exploration, exploitation, transportation, refinery, manufacture, transform
ation and distribution of minerals and hydrocarbons; 
the generation, transmission, interconnection, distribution of electricity and the 
establishment of technica! norms to this regard; 
the coordination of all technical, economie, judicia!, industrial and commercial 
activities with regard to the integral use of non-renewable energy as well as all 
other energy sourees in concordance with the general development plans. 

A number of departments and divisions within the ministry carry out these functions. 

The National Institute for Geological and Mining Investigations (lngeominas), 
Instituto Nacional de lnvestigaciones Geológicas y Mineras, plans, organizes and 
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executes studies of natura! resources such as minerals and ore. The Colombian 
Institute for Electricity (ICEL), Insfitufo Colombianode Energfa Eléctrica, participates 
in projects for the generation and transmission of electricity as stipulated in the 
Electricity Sector Expansion Plan. It furthermore provides electricity services to 
remote areas. There is also an Atlantic Coast Electricity Corporation (Corelco), 
Corporación Eléctrica de la Cosfa Aflántica, which manages the distribution of 
electricity generated from hydropower and thermal power plants in the region. The 
Institute for Nuclear Activities (IAN), Insfitufo de Asuntos Nucleares, foments the 
application of nuclear energy for peaceful means and coordinates the mining activities 
in zones where radioactive minerats are found. 

The Ministry of Mining and Energy is the government institution that develops and 
coordinates a national policy with regard to renewable energy resources when deemed 
necessary. 

4.1.2 The Ministry of Education. 

The Ministry of Education establishes a policy for the national orientation of 
education, science, technology, culture, recreation and sports with the purpose of 
establishing an intellectually and morally balanced society. The policy is an extension 
of the national economie and social development plans in the area of education. With 
regard to the energy sector, the ministry specifically promotes the development of 
science and technology, the registration of technical advances in Colombia as well as 
abroad, and the dissemination of technology within as well as outside the educational 
system. There are various institutions in the educational sector, directly and indirectly 
linked to the Ministry of Education, which are involved in the energy field. 

The National Institute for the Promotion of Higher Education (Icfes), Insfitufo 
Colombiano para el F omento de la Educación Superior, bas the task of determining a 
policy for the development of higher education. lt authorizes the academie programs, 
which include programs in the energy field. The National Fund for Scientific Projects 
and investigations (Colciencias), Fondo Colombiano de Invesfigaciones Cientijicas y 
Proyecfos Especiales, promotes the development of science and technology in 
Colombia and tries to create a national awareness about the importance of these 
activities. It bas for example sponsored a large wind pump project in the peninsula of 
La Guajira which is being carried out by the Universidad Nacional de Colombia. The 
National lnstitute for Educational Grants and Technica! Studies Abroad (Icetex), 
Insfitufo Colombianode Crédifo Educativo y Estudios Técnicos en el Exterior, provides 
educational grants to students, most importantly to those doing technica! traineesbips 
abroad. In certain cases, foreign technica! students conring to do traineesbips in 
Colombia can also receive grants. The author of this report was fortunate enough to 
enjoy this privelege for bis participation in the wind pump investigational activities at 
the Universidad de los Andes. 

The Ministry of Education also directly subsidizes various universities and colleges. 
Science and energy-related curricula can be directly influenced. The Universidad 
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Nacional de Colombia is one of these state academie institutions. It is particularly 
active in the area of wind energy with the support of the government. It bas 
embarked on a bold project of electricity generation and water pumping in the 
Department of La Guajira in cooperation with the Universidad de la Guajira, el 
SENA (see below) and el HIMAT (see 4.1.3) and financed by Colciencias (see 
above ). The project includes the development of their own wind machines. 

The higher educational institutions that are not state funded are indirectly influenced 
through the above mentioned institutes. Colciencias is currently supporting a wind 
pump project at the Universidad de los Andes and Icetex bas facilitated the exchange 
of foreign students working on the wind pump projects. 

The National Service for Apprenticeship (SENA), Servicio Nacional de Aprendizaje, is 
another institution which operates in the education realm but falls under the jurisdic
tion of the Ministry of Labour and Social Security. It is responsible for apprentice
ships and skilis training and is partially financed by the industry. It bas important ties 
with a number of educational institutions. Their most notabie involvement in the area 
of area of renewable energy resources is their participation in the wind energy project 
with the Universidad Nacional. 

4.1.3 The Ministry of Agriculture. 

The Ministry of Agriculture formulates and adopts polides for the agricultural, 
farming and fishing sectors as well as for the management of natural and renewable 
resources. It participates in determining a macroeconomie strategy for the National 
Development Plan, with the objective of augmenting the economie and social well
being of these sectors. Within the framework of the National Development Plan, 
medium and long term strategies per region, per subsector and per product are 
determined. A number of institutions help realize these objectives. 

The National Institute for Agriculture and Parming (ICA), Instituto Colombiano Agro
pecuario, undertakes investigational activities, promotes the transfer of technology, 
provides training and protects the production in the agriculture and farming sector. In 
the energy field, it bas for example worked with both the SENA and PESENCA (see 
4.2.2) in a renewable energy project in La Gujira. At its Departmental branch in 
Meta, one of the Departments situated in the Bastem Plains region, it bas promoted 
wind pump technology with demonstration models. The National Institute of 
Hydrology, Meteorology and Land Adaptation (HIMA T), /nstituto Colombiano de 
Hidrologfa, Meteorologfa y Adecuación de Tierras, obtains data and information of the 
meteorology and hydrology of the country with the objective of supporting state and 
private activities dependent on the hydrometeorology. It for example bas 396 
meteorological stations which provide wind data. The National Environmental 
Institute (INDERENA), Instituto Nacional de Recursos Naturales Renovables y del 
Ambiente, tries to raise the standard of living and realize the sustainable development 
of the farming and agriculture sector by protecting the environment and rnanaging the 

32 



Institutional Aspects. 

territory's natural and renewable resources. The distribution of water however does 
not fall under the auspices of any of these institutes but falls within the scope of the 
Ministry of Public Health. 

There are a number of state financlal insitutions brought under the Ministry of 
Agriculture which aid in the distribution and credit of agricultural products and tools. 
Almacenes Generales de Depósito de la Caja Agraria, Idema y Banco Ganadero manage 
and distribute agricultural machinery and farming tools of local as well as foreign 
origin. The example of the wind pumps imported from a number of countries bas 
already been mentioned. The Caja de Crédito Agrario, Industrial y Minero provides 
credit for agricultural, livestock, industrial and mining investments. 

4.2 Policies Regarding Renewable Energy Resources. 
4.2.1 General Policies. 

Decentralization bas become an important emphasis of the government's national 
development strategy. Decentralization of energy generation in areas where 
interconnection is technically or economically unfeasible is considered vital to 
regional and municipal economie development. Renewable energy resources in this 
respect provide encouraging prospects from a national economie standpoint There 
are a number of possibilities such as biogas and small hydropower plants, solar and 
wind energy etc. which support this policy. 

But also the successful implementation of electricity substitution projects in large 
cities, such as gas cooking and solar heating, bas exhorted a more rational approach 
to energy consumption. This rational approach must be realized along the following 
lines: 

- the cheapest solution to providing energy services is not per se by means of 
traditional energy resources, particularly not in rural areas; 
- the fundamental criteria of energy planning must be based on appropriate 
technology / energy and not according to the concept of "user of energy"; 
- energy projects should be affordable and subsidies should be eliminated as 
much as possible; 
- municipal and community participation should be evident at all stages of 
energy planning; 
- private companies and national engineering should play a leading role in 
energy planning while the national government stimulates and supports this 
process; 
- there should be interinstitutional coordination and integrated and decentra
lized planning so as to come to real, concrete solutions. 

4.2.2 Specific Policies. 

Through the National Energy Commission (CNE), Comisión Nacional de Energfa, the 
Ministry of Mining and Energy bas allocated institutional responsibilities of different 
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energy subsectors: oil, derivatives thereof and natural gas are the responsibility of 
Ecopetrol; coal is the responsibility of Carbocol; electricity is the responsibility of ISA 
(Interconexión Eléctrica S.A.) and non-conventional energy sourees are the responsibi
lity of MME. 

The Division of Non-Conventional Resources of the Ministry of Mining and Energy 
promotes, coordinates and evaluates the interinstitutional cooperation between the 
national and international entities interested in participating in alternative energy 
projects. Their efforts have principally been geared towards: projects under the scope 
of the Development Plan for Remote Areas (PDZA), Plan de Desarrollo de Zonas 
Aisladas; the strategy of an Alternative Energy Sourees policy; the institutionalization 
of PESENCA; and the projects that are part of the Plans for Small Hydropower 
Plantsof the National Institute for Electricity, ICEL and Corelca. 

In accordance with the policies of the national government under the PDZA, the 
MME is supporting and subsidizing plans, programs and projects aimed at providing 
energy to those rural zones that are dependent on locally available sourees of energy. 
These plans, programs and projects should emphasize the substitution of traditional 
energy sourees where the supply of combustibles and the extension of the electricity 
network would be excessively costly. The idea is to effectively use conveniently 
located energy sources, appropriate technology, with the ultimate objective of raising 
the standards of living in those areas. 

In extension of the general policy on Alternative Energy Resources, a number of 
strategies are recognized. A coherent institutional strategy must be undertaken at the 
coordination as well as execution level. The govemment must coordinate a financial 
strategy with national as well as international credit institutions. A commercial 
strategy must realize the creation and enlargement of a market for alternative energy 
technologies. A socio-cultural strategy must create a general awareness of the alterna
tive energy possibilities and illustrate the advantages within a religious, politica!, 
cultural and economie context. Finally, an environmental strategy must examine the 
benefits of the technology taking into account the environmental effects. 

The Special Energy Programme for the Atlantic Coast (PESENCA), Programa 
Especial de Energfa de la Costa Atlántica, is a special arrangement between the 
Government of Colombia and the Govemment of Germany initiated in May 1985. 
The Colombian counterparts were the Ministry of Mining and Energy, Corelca and 
ICA while the German counterpart was the German Society for Cooperation, GTZ, 
affiliated with Germany's Ministry of Economie Cooperation. The principal objective 
of this agreement was the promotion and diffusion of appropriate technologies for the 
efficient use of energy resources, particularly renewable energy resources. PESENCA 
undertook a number of socio-economie and energy studies. It furthermore attempted 
to realize concrete solutions for the Atlantic Coast with activities in the area of 
hydropower, solar energy, wind energy and biomass. The wind programme for 
example included a resource study, the creation of a test field with Jober and 
Indusierra machines, training, and the establishment of a small private company, 
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Proagua, to specialize in both the maintenance and rehabilitation of the many existing 
wind pumps. The activities of PESENCA have since been incorporated in an NGO 
established by the MME, Organismo No Gubemamental, which is dedicated to the use 
of alternative energy. For the national government and the industries, this pact 
provides a mechanism for public and private cooperation in the area of energy 
generation. 

In the electricity sector, the MME is also involved in promoting small hydroelectric 
plants through ICEL. Many systems are in disuse but could be rehabilitated. Their 
potential is being evaluated. They could serve to increase the existing electricity 
capacity, provide new confidence in subsystems and provide financlal benefits. 

A specific policy by the MME on wind energy must be sought within the above 
activities. The present attitude to wind energy in itself is such that its potential is 
limited to certain areas where it could be harnessed for pumping water. lts applica
tion in the field of electricity generation is considered economically feasible in a very 
limited area where there is a sufficiently high wind regime. 
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There are currently five wind pump manufacturers producing and marketing wind 
pumps in Colombia. The manufacturers Indussierra, El Manantial and Talleres 
Holanda provide wind pump copies, particularly of the American Aermotor and its 
successor the Argentinian Fiasa, with varying manufacturing standardization. The 
manufacturers Las Gaviotas and Jober, on the other hand, have developed their own 
wind pump prototypes to a level of full standardization. A sixth manufacturer, 
Gavilan, also provided an innovative wind pump but abandoned production and 
withdrew from the market Las Gaviotas, a firm called Metalmecánica Agroindustrial 
and the entrepreneurlal partnership of two wind pump experts have also shown 
earnest intentions of marketing the Dutch CWD2000 wind pump as soon as the 
designs are released. In short, the Colombian market is currently acquainted with an 
assortment of import-copies and self-developed prototypes of six known local wind 
pump manufacturers and one imported model. The introduetion of a second imported 
model is imminent. 

The technica! aspects of the existing wind pump designs on the Colombian scene will 
be illustrated. The wind pump models offered by the six local manufacturers will be 
discussed where possible. Unfortunately, the wind pumps manufactured by El 
Manantial and Talleres Holanda have not been subjected to any sort of standardiz
ation which makes it difficult to speak of .il prototype; wind pump performance data 
are consequently not available. The technica! discussion will be preeerled by a 
theoretica! overview of the wind pump operation. 

5.1 Theoretical Aspects of the Wind Pump. 

The wind pump essentially consists of two operating parts, the wind rotor and the 
piston pump, which need to be matebed adequately in order to provide a satisfactory 
performance. A large pump yields a high pump rate when the wind pump is operating 
yet the wind pump wi11 often not be running because high wind veloeities are 
required. The output is high but the output availability is low. By the same token, a 
small pump means that the wind pump will start functioning at lower wind velocities, 
therefore will be running more often, but the pumping yield will be lower. The output 
is low but the output availability is high. 

An important design parameter in this respect, that determines the output availability, 
is the design wind speed V d· This is the wind speed at which the ratio of hydraulic 
power output to the available wind power is a maximum. 

5.1.1 The Wind Rotor. 

The available wind power the rotor can extract from the wind, P W' is given as follows: 

(5.1) 
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where Pa is the density of air, V is the wind velocity and A is the rotor area (1r·R2). lt 
is clear from the cubed relationship between the wind power and the wind velocity 
that a slight varlation of the average wind speed will have a large influence on the 
available wind power. 

A wind rotor is designed to extract power from the wind. At standstill, the wind rotor 
can not extract power and when the rotor moves at high rotational speeds the air is 
blocked, as it were, and again no power is extracted. Between these extremes, there is 
an optimum rotational speed at which there is maximum power generation (see figure 
5.1). For increasing values of the wind velocity, the power curves shift upwards and 
the points on the curves corresponding to maximum power values increase cubically 
(see figure 5.2). 

The power curves, as presented, are inconvenient for comparison purposes of 
different rotor types because these curves vary with the wind velocity, the radius R of 
the rotor and the density of the ambient air. The power generation can be made 
dimensionless to give a power coefficient, Cp: 

c = p 
P !p AVS 

2 a 

(5.2) 

Similarly, the velocity of the rotor can also be made dimensionless to give the so
called tip speed ratio, l: 

OR l--
V 

where n is the rotational velocity. 

(5.3) 

The behavior of rotors with different characteristics can now be examined at different 
wind veloeities on the basis of Cp-l curves. In figure 5.3 typical curves are given fora 
multibladed and a two-bladed wind rotor. The multi-bladed rotors operate at low tip 
speed ratios, whereas two-bladed rotors operate at high tip speed ratios. The maxi
mum power coefficient (at the so-called design tip speed ratio ld) differs only slightly 
for the two types of rotors. 
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Figure 5.1. The power generated by a wind rotor as a function of its rotational 
speed at a given wind velocity [6,7]. 
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Figure 5.2. The power of a wind rotor as a function of the rotational speed at 
different wind speeds [6,7]. 
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Figure 5.3. Dimensionless power curve of two wind rotors as a function of the tip 
speed ratio [6,7]. 

5.1.2 The Piston Pump. 

A reciprocating piston pump essentially consists of a piston with a leather seal, two 
valves and a suction and delivery pipe (see figure 5.4). The upper valve is generally 
situated in the piston; the lower valve, also called the foot valve, is located at a fixed 
position below the piston. The principle of operation of the single-acting reciprocating 
piston pump is quite simple. When the piston moves downward in its chamber the 
upper valve opens and the foot valve doses. Provided the piston diameter is small, 
the flow output is practically zero and the piston moves freely through the water 
column. When the piston moves in the upward direction, the upper valve doses lifting 
the water above the piston while the foot valve opens drawing water into the chamber 
below the piston. 

The piston-valve type pump can have a relatively simple design. lt operates efficiently 
for a wide range of speeds and load capacities, and can be used in relatively deep 
wells. The pulsating discharge is on the average constant regardless of the height of 
the pumping head. This type of pumping system however, is prone to potentially 
darnaging vibrations. Furthermore, it has the inconvenience that for deep-well 
pumping, it has to be set directly over the well. In addition, due to friction of the 
contact seals between the piston and cylinder, there are significant mechanica! losses 
which affect the pumping performance. 

-
The hydraulic power requirement of the pump, P hydT' is the average power needed to 
lift the column of water with_a pumping head H (height of the water column) at an 
average volumetrie flow rate Q: 

(5.4) 
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I stroke: 

s = 2.r 
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Figure 5.4. Schematic drawing of a piston pump coupledtoa wind rotor [6,7]. 
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where Pw is the density of water and gis the acceleration of gravity. 

A mechanica! efficiency can furthermore be defined as: 

- plrydr QpwgH 
1lmeclt - =-- = ---

p lft«la p IIII!Cit 

(5.5) 

-
where P hydr is the average power theoretically needed to lift the water column and 
P mech is the average mechanica! power input driving the pump. 

5.1.3 Coupling of Piston Pump and Wind Rotor. 

If a piston pump is coupled to a wind rotor, then for a given wind velocity the rotor 
wi11 have a rotational speed such that the mechanica! power of the rotor is equal to 
the mechanica! power exerted by the pump. The working point is the intersection of 
the rotor curve (figure 5.1) and the piston pump curve (figure 5.5) which is depicted 
in figure 5.6. 

The net hydraulic output as a function of the wind velocity can be determined from a 
series of rotor power curves. The overall wind to water efficiency of the system 
Cpf1mech' can also be determined from these curves. 

The wind speed at which the overall efficiency is a maximum is called the design wind 
speed, V d, of the system. At this wind speed, the power coefficient Cp usually reaches 
its maximum value. It can be calculated by equating the nett power supplied by the 
rotor with the nett hydraulic power needed to lift the water column. 

5.2 Teehoical Aspects of Colombian-Based Wind Pumps. 

The wind pumps on the Colombian scene can be divided into traditional multi-bladed 
wind pumps, such as the Aermotor, Fiasa and import-copy Indussierra models, and 
the more modem designs, such as the Gaviotas, Gavilan, Jober and CWD designs. A 
sharp distinction between these two groups of wind pumps does not exist; it is an 
arbitrary division. The modem designs have imitated certain aspects and borrowed 
some features from the traditional wind pumps. In general however, the traditional 
multi-bladed wind pumps with a long engineering history are often more reliable than 
modem wind pumps. The output of modem wind pumps however can be higher than 
that of traditional models. Furthermore, the purebase cost of modem wind pumps are 
usually substantially lower which makes them attractive for potential end-users that 
can not afford a large direct investment. 
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Figure 5.5. The power versus rotational speed curve of a piston pump [6,7]. 
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Figure 5.6. Working point of rotor-pump combination at a given wind speed [6,7]. 
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5.2.1 The Aermotor /Fiasa Wind Pump. 

The Aermotor and Fiasa wind pumps belong to the so-called traditional first generati
on multi-bladed wind pumps. The different models installed since the first gross 
imports in the 50s have not changed significantly. The rotors are 18-bladed and 
coupled to the single-acting reciprocating pump by gearbox transmission. The rotor 
diameters currently offered range from 6 feet to 16 feet. The more commonly 
encountered wheels are either 6'(1.82 m), 8'(2.4 m) or 10'(3.0 m) in diameter. The 
gear ratios range between 3:1 and 4:1. The gearbox is galvanized and covers and 
protects the gears from exposure. There is a self-regulating mechanism to proteet the 
rotor from damage in high winds. There is furthermore also a manual furling device. 
The rotor is mounted on a four-post tower up to 18 meters in height. Tower heights 
of 10 and 12 meters are most common. 

The reciprocating pump comes in a variety of diameters ranging from 1-%" to 8" and 
can be installed for two pumping strokes, a longer and shorter stroke which depends 
on the wheel diameter. These traditional wind pumps boast maximum pumping heads 
exceeding 300 meters but of those installed in Colombia, maximum pumping heads 
are not known to exceed 100 meters. 

The traditional multi-bladed wind pumps have proven to be sturdy and reliable 
pumping machines. Some of the older models, installed decades previously, are still 
functioning without having had significant servicing. The majority of the older 
machines are however not operational precisely because of the lack of maintenance. 
Aging, particularly in a corrosive environment such as La Guajira, will eventually 
result in damage of the system. 

5.2.2 The Indussierra Wind Pump. 

The Indussierra wind pump is a so-called import copy of the original Chicago 
Aermotor model. It has also been influenced by aspects of the Argentinian Guanaca 
wind pump which is essentially a copy of the former Brazilian Fortuna wind pump. It 
has a multi-bladed rotor which is coupled to the pumping mechanism by gearbox 
transmission. The rotor is equipped with either 18 or 24 blades; the former has a 
diameter of 3.2 meters and is usually mounted on a tower of 10 or 12 meters height 
while the latter has a diameter of 4.8 meters and is generally mounted on a tower of 
12 meters. Nevertheless, towers can be provided in a height range between 6 and 21 
meters on request. The towers have a straight-legged tripod base whose parts are 
made of galvanized steel; the galvanization process takes place at the Indussierra 
foundry. 

The pump is single-acting and 11 different piston diameters have been manufactured 
for implementation· 1"· 1W'· 2"· 2W'· 3"· 3W'· 3lh· 37Ja"· 4"· 41;2· and 6" The common . ' '' '' '' ''' . piston diameters are however either 1", 1Vz" or 2". The other piston diameters have 
probably been fabricated infrequently and for specific purposes only. The piston pump 
is made of either steel or bronze. The manufacturer claims that the Indussierra wind 
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pump bas a maximum pumping head of 70 meters although other estimates come 
closer to 50 meters. 

One of the more serious problems experienced by the Indussierra wind pump user is 
damage to the gearbox during periods of high wind regime. The manufacturer is 
sometimes also reproached for lack of parts' standardization. 

5.2.3 The Gaviotas Wind Pumps. 

The technical aspects of two Gaviotas wind pumps will be discussed briefly. One 
model can, to a certain extent, be considered a marketing success while the second 
design bas been a complete failure. 

THE MV2E WIND PUMP. 
The MV2E wind pump is a lightweight model with a downwind five-bladed rotor of 
2.05 meter diameter and a double-acting pump. The blades of the rotor cover 50% of 
the radius length and use an aerodynamic profile. The blades are hollow and at high 
rotational speeds air will flow from the root to the tip of the blades, acting as an 
aerodynamic brake. There is no other brake or safety mechanism. 

The differential pump is based on the double-acting principle whereby water is 
pumped in both the up and down strokes. The pump diameter is 1 Va inch while the 
pump stroke is 8 cm. On a windy day, the pump supposedly pumps up to 15 m3 of 
water. The pump and discharge pipe are made out of PVC tube. The maximum 
pumping head is 20 meters and because of its low starting load, the system starts 
functioning at a wind speed of 1.5 m/s. The MV2E can be mounted with either a 4.2, 
6 or 9 meter tower, which is essentially a single pole with a tripod base and a number 
of stahilizing cables made of steel. 

One of the most common problems of the MV2E wind pump is that the pump rod 
can buckle and break. This is most likely due to the fact that the pump rod is 
subjected to tension and compression in the up and down strokes respectively. 

THE 10-3-10 GG WIND PUMP. 
The 10-3-10 GG type wind pump first introduced by Gaviotas in 1989, with the selling 
slogan ''molino de viento de alto caudal" (trans: the large discharge wind pump), was 
designed for implementation in La Guajira and other regions with similar elirnatic 
conditions. The wind pump was developed in the context of an agreement with the 
Ministry of Agriculture which purchased 50 such models for instanation in La 
Guajira. Three experimental samples were placed in La Guajira but were damaged 
within three months of installation. A subsequent revision by two Uniandes experts 
could not save the technically deficient design. 

The 10-3-10 GG wind pump bas a 10-bladed rotor of 3.1 meter diameter and a single
acting piston pump. The original coupling of rotor to the pump was by direct trans
mission; the revised experimental sample was fitted with a gearbox from a Fiat 
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automobile. The blades are of a similar hollow aerodynamic design to those mounted 
on the MV2E rotor. The blades have a relatively large inclination to diminish the 
angular velocity. Together with the root to tip braking action, this is the only retard
ing mechanism of the original model. The revised sample was provided with a side 
vane for automatic furling similar to that of the CWD2740. 

The pump action is based on the single-acting principle whereby water is pumped in 
the up stroke alone. The pump diameter is 2lh inches while the pump stroke is 18 cm. 
The pump claims to pump a minimum of 1.2 m3 of water per hour at a wind velocity 
of 5 m/s. The pump and discharge pipe are made out of PVC tube. The maximum 
pumping head is 50 meters and because of its large starting load, the system starts 
functioning at a wind speed of 3.5 mfs. The wind pump bas a three-legged tower of 
10 meter height and the total weight is 478 kilograms. 

Essentially, the problem of this wind pump type is that it is not sturdy enough for the 
extreme wind conditions of the Guajira. Of all three samples, both the blades were 
blown away and the rotor mechanism was seriously damaged. The fact that the rotor 
consisted of an abundance of parts exacerbated the problem by making it practically 
impossible to repair. 

5.2.4 The Gavilan Wind Pump. 

The Gavilan wind pump consisted of a six-bladed rotor and a cable to lift the 
plunger; the user was expected to construct bis own tower. The rotor is made out of 
polystyrene with a surface coating and bas an aerodynamic profile. The cable-driven 
pump, which was made out of PVC, had a stroke of 40 mm. 

A number of common problems associated with the Gavilan wind pump derived from 
the fact that the user was expected to install the wind pump himself, providing and 
constructing an appropriate tower structure in the process, and from the fact that the 
wind pump was designed for wind regimes with low average wind speeds. The result 
of the former often led to problems with the cable. The result of the latter was that 
when the wind pump was exposed to high wind speeds, the rotor was frequently 
damaged. Another problem with the Gavilan pump which manifested itself in the 
early stages of production was that the spring became easily damaged. This was in 
part due to the poor quality steel with which the spring had been manufactured. 

5.2.5 The Jober Wind Pump. 

The Jober wind pump is a self-designed prototype which bas borrowed aspects from 
the Chicago Aermotor model for the rotor design and from the Gavilan wind pump 
for the pump design. The rotor is equipped with either 10, 16 or 18 blades of 2.50 
meter diameter depending on the wind regime in the area of installation. The blades 
are made of sheet metal while the spokes are made of galvanized steel. The 18-
bladed rotor, which is designed for instanation in higher wind regimes, is coupled to a 
gearbox which downgrades the revolutions in a 3:1 ratio. The other lesser-bladed 
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rotors are directly coupled to the pumping mechanism by a simple crank. The rotor is 
usually either mounted on a 6, 9 or 12 meter tower; 3 and 15 meter tower heights are 
also possible. The tower bas three supporting legs, the parts of which are made of 
steel, which bend to a vertical at the rotor head, similar to the shape of the Eiffel 
Tower. As an indication, the wind pump with the 6 meter tower weighs approximately 
300 kg. 

The pump is a single-acting pump with a stroke of 80 mm. The wind pump is usually 
installed with a pump diameter of either 2lh" or 3", although 2" and 4" diameter 
pumps are also possible. The smaller 2lh" pump is made of PVC whereas the larger 3" 
pump is made of stainless steel. The pump is coupled to the rotor by means of a solid 
pump rod. The maximum pumping head for the 10-bladed wind pump is 20 meters 
whereas for the 18-bladed wind pump it is 40 meters. A 10-bladed rotor and 2lh" 
pump combination claims to pump 34 m3 / day for a pumping head of 16 m and an 
average wind speed of 5 m/s. 

The most common problem of the Jober wind pump is the wear of the seals. Damage 
to the rotor head and buckling of the pump rod preceded by oxidation symptoms have 
also been ascertained, albeit infrequently. Buckling and damage to the pump rod can 
to a certain extent be avoided by galvanizing the pump rod, which is already consist
ently being done for the wind pumps destined for La Guajira. 

5.2.6 The Recent Import-Copy Wind Pumps. 

The wind pumps manufactured by the recently established companies Manantial and 
Talleres Holanda are considered import-copies of the traditional multi-bladed models. 
Operational manufacturing samples have not been witnessed first-hand and any 
information gathered comes from the manufacturers themselves or other second-hand 
sources. From the information that bas been distilled, it seems that these new models 
do not have consistent standardized designs. 

The manufacturer Jose Baquero of El Manantial claims to have manufactured 5-, 10-, 
15- and 18-bladed rotors with diameters ranging from 2 to 5 meters in diameter. The 
rotor-pump coupling is realized by means of a gearbox. Towers up to 18 meters in 
height have been constructed. The maximum pumping head is boasted at 50 meters. 
The parts are either painted or galvanized depending on the region of installation. All 
parts are self-manufactured including the gearbox and seals. The galvanization 
process is contracted. 

Talleres Holanda manufactures a wind pump with a 7-bladed rotor and a fixed 
diameter of 2 meters. Tower heights between 4.5 and 11 meters have been con
structed. The rotor is coupled to the pump by direct transmission. The pump bas a 
diameter 1lh" and a stroke of 80 mm. The wind pump probably bas a maximum 
pumping head of approximately 20 meters. 
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5.2. 7 The CWD2000 Wind Pump. 

The CWD2000 wind pump is one of a series of modem lightweight models especially 
designed for application in Third World countries. None of these models have been 
installed in Colombia other than for research purposes, but recently the designs of the 
CWD2000 were released to a couple of potential manufacturers. It is therefore quite 
possible that this model will take root in the Colombian landscape. 

The rotor has 6 blades of 2 meter diameter made out of galvanized steel sheets. The 
rotor is eccentrically situated with respect to the tower center and is balanced by a 
vane arm and rocker arm. Furling is done manually by climbing in the tower. The 
tower consists of a steel tubular mast with steel rod guides and is 6.5 meters in height. 

The transmission consists of a direct drive crank mechanism with an adjustable stroke 
(25 mm, 50 mm, 75 mm and 100 mm). The CWD2000 can either be equipped with a 
so-called 67 S (diameter: 67 mm) or a 81 S (diameter: 81 mm) reciprocating piston 
pump with a suction and pressure chamber. The cylinder is made out of stainless steel 
pipe while the inner parts such as the valve seats are made out of bronze. The wind 
speed at which the wind pump starts operating is 2.5 m/s with a normal valve. The 
maximum pumping head is 25 meters. 

The CWD2000 has yet to be subjected to the Colombian conditions but as far as 
prior experience and testing is concemed, the survival wind speed is 40 m/s. This 
would mean that in areas other than La Guajira, the wind regime will not damage the 
wind pump. A possible souree of manufacturing problems may develop with regard to 
the pump parts because in Colombia diameters (as has been evident) are measured in 
the yard standard whereas the CWD designs follow the metric standard. 
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This chapter will focus on the disposition of the wind pump market from a manufac
turer point of view. This will be tested within the context of the model presented in 
chapter 2. Particularly the cases of Las Gaviotas and Jober will be scrutinized and 
assayed according to the factor clusters of the model. The discretized assessment of 
the entities as applied to both manufacturers is given between accolades in the tables 
of Appendices B and C. These cases will naturally be complemented by the experi
ences and developments of the other (potential) manufacturers. 

6.1 The Physicai/Ecological Cluster. 

The physical/ ecological cluster consists of five basic factors: the climate; the 
hydrology; the topography; the geology and soils; and the ecology. The technica! 
manufacturing limits of the wind pump technology must be attuned to the variables 
embodied in these five factors. In this respect the dissemination process will to a 
greater or lesser degree be determined by the ability of the manufacturer to adapt the 
technology to the prevailing physical conditions. 

6.1.1 The Climate. 

The factor elimate is composed of the variables temperature, precipitation and wind 
velocity. These variables are distinct for the three regions under investigation, Boyacá, 
Casanare and La Guajira. The variabie temperature in itself does not affect the 
manufacture of the wind pump. In La Guajira and Casanare, two low-lying regions, 
the average yearly temperature ranges from 25°C to 28°C. In the elevated region of 
Boyacá the average temperature lies roughly between l4°C and l8°C, steadily 
increasing down the sides of the Cordillera while being somewhat lower along the 
occasional mountain slopes above 3000 meters. At best, the temperature affects the 
daily intake of water but a continually functioning Jober wind pump, for example, 
with adequate storage facilities is known to satisfy the drinking necessities of 500 
head of cattie or a small community in the low-lying regions. In other words, the 
pumping yield of presently manufactured wind pumps is such that additional tempera
ture-induced water needs are negligible. 

The variabie precipitation is a manufacturing consideration insofar as it affects the 
purchasing behavior of the end-user. The altemating dry and wet periods in the 
coastal region (La Guajira) and los llanos ( Casanare) generally result in seasonal 
sales corresponding to peak sales during the dry periods. On a tangent, the humidity 
aspect on the other hand does influence the manufacturer in that it compels him to 
consider galvanization of the wind pump parts to avoid oxidation and subsequent 
damage. Particularly in La Guajira, where the natural elements are especially harsh 
and the atmospheric moisture is salinated, this is a serious manufacturing consider
ation. All wind pumps destined for the Guajira, including local models, are therefore 
protected by galvanization. 
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The wind regime is the elirnatic variabie that the manufacturer must take into 
consideration most seriously. The wind regime can be expressed in terms of diurnal 
variation, monthly varlation and yearly average. Diumal wind speed variations can he 
site-dependent; trees, buildings and other obstructions affect the local (read: site) 
wind regime. Generally, the wind pump manufacturers or their dealers install the 
wind pumps themselves and in so doing determine an appropriate site based on their 
experience; they do not adhere to common siting guidelines which prescribe installa
tion at a certain distance from surrounding obstacles. Only Gaviotas does not provide 
installation unless requested. It is therefore often the user's guess whether a site is 
suitable for wind pump installation. Monthly and yearly average wind veloeities are 
for the most part region-dependent. Existing wind data come from meteorological 
stations in more populated regions or near airports. Unfortunately, reliable wind 
regime data are therefore not available for many areas, among them regions such as 
Casanare and to a lesser extent Boyacá. The only reliable, existing meteorological 
station in the middle of los llanos for that matter is located in Vichada at the 
Gaviotas factory. In table 6.1 below, the average monthly and yearly wind speeds at 
10 meters are listed for: Bogotá (1983); Rioacha in the lower Guajira (1986); 
Manaurein the upper Guajira (1978); Villaviceneio in the Department Meta (1983); 
and the Gaviotas Center in Vichada (1983).1 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Avg 

Bogotá 2.1 2.3 2.2 2.2 2.3 2.4 2.9 2.6 2.6 2.1 2.0 2.5 2.3 
(Cundinamarca) 

Gaviotas 3.0 2.4 2.0 2.0 1.8 1.2 1.4 1.5 1.5 1.5 2.6 2.2 1.9 
(Vichada) 

Manaure 6.6 6.0 6.3 6.6 5.8 5.9 7.2 6.6 4.3 4.1 4.2 4.6 5.6 
(La Guajira) 

Rioacha 5.4 4.2 6.5 5.7 4.7 6.1 6.8 6.0 4.6 4.4 4.7 4.9 5.3 
(La Guajira) 

Villavicencio 1.2 1.3 1.2 1.0 0.8 0.8 0.7 0.8 0.9 1.0 1.0 1.0 1.0 
(Meta) 

able 6.1. Average monthly and yearty wmd veiOCtttes. 

For the sake of simplieity, the wind data tabled above indicate that: the region of La 
Guajira has a high wind regime; Bogotá, and probably by extension Boyacá, have an 
intermediale wind regime; and los llanos has a low wind regime. It is clear that the 
manufacturers have to cope with different wind regimes in the different regions and 
must adapt their models accordingly. If the average yearly wind veloeities are equated 

1 Wind data from the vicinity of Villavicencio have been listed because of the city's location relative 
to the Cordillera, which is similar to that of Yopal and Aguazul in Casanare. It should be noted that the 
wind regime is on the low side for wind pump installation, and therefore possibly unreliable. Wind data 
from the Gaviotas Center have also been chosen because they are considered representative of the wind 
regime prevalent in the llanos farther from the Cordillera. It has been assumed that representative wind 
data for the entire Boyacá Department does not exist because the region is mountainous; wind data are 
therefore considered largely site-dependent 
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to design wind speeds, then figure 5.3 suggests that multi-bladed rotors are more 
suitable in the high wind regime of La Guajira while lesser-bladed models should be 
installed in los llanos. The 5-bladed Gaviotas MV2E is therefore more suited for los 
llanos, as was the original intention, and less so in La Guajira. As a result, the multi
bladed 10-3-10 GG was developed for that region. Similarly, Jober adjusts their model 
accordingly by adding more blad es to those models destined for the Guajira ( 18 as 
opposed to 16 or 10). The 7-bladed model of Talleres Holanda and the 6-bladed 
CWD2000 are also therefore more suited, powerwise, for los llanos. Conversely, the 
traditional as well as import-copy multi-bladed wind pumps are functionally more 
appropriate for La Guajira. 

Besides the number of rotor blades, other adjustments must be considered for the two 
extreme wind regimes. In los llanos, the low average wind speeds necessitate a low 
starting velocity for the wind pump. The starting velocity of 1.5 m/s for the MV2E 
seems to make this machine ideal under these wind conditions. Note that the 
operating speed of a wind pump is lower than the starting speed so that a region with 
an average wind speed of 1.0 m/s can still be suitable for installation. On the other 
hand, in the high wind regime area of La Guajira a wind pump should have a gearbox 
transmission and a manual furling mechanism. The furling mechanism is essential 
because extreme wind veloeities registered at over 20 m/s are not uncommon. The 
only success story in this region, the Aermotor /Fiasa model, is equipped with both 
features. Conversely, the notorious failure of the Gaviotas 10-3-10 GG in this region 
is attributed to the fact that it had neither. The other locally-manufactured models 
such as Jober and lndussierra, which have a gearbox but no manual furling mechan
ism, have had mixed success. Whether it is the absence of the furling mechanism or 
not, the technica! shortcomings are revealed by the extreme wind conditions. 

6.1.2 The Hydrology. 

The factor hydrology covers such aspects as surface water, ground water and the 
water quality. The availability and abundance of surface water could present a 
problem for the manufacturer if it affects the purchasing behavior of the potential 
end-user. H the potential wind pump user is convineed that his water needs can be 
fulfilled with the available surface water, then the purebase of a wind pump will be 
considered superfluous. The potential end-user might however desire the displace
ment and distribution of water from its natural surface location for irrigation or other 
purposes. Technically speaking, the wind pump can meet this need by means of 
"remote pumping". Of the wind pump manufacturers, only Jober provides this option 
for its customers. 

The availability of groundwater and the depth at which it is encountered are variables 
which mustbetaken into consideration by the manufacturer. Groundwater availability 
and depth are determined by subsoil hydrogeological formations and replenishment 
possibilities. It is therefore largely region-dependent. In Casanare and the rest of los 
Uanos the aquifers in the Quaternary beds have a regional extension. These are 
continually being replenisbed by abundant seasonal rainfall and infiltration by river 
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courses. The permanent aquifers are found between 20 and 35 meters. Groundwater 
sourees are often encountered even within 20 meters; in some areas water is found at 
a couple of meters depth. In La Guajira, the Quatemary-Tertiary aquifers have 
variabie extensions. Water replenishment occurs by the inflow through major fault 
lines and the seasonal rainfall. The depth at which water is encountered varles but is 
usually below 20 meters. In Bogotá and the Department of Boyacá, aquifers are 
encountered in the sedimentary strata in the Cretaceous to Quatemary formations 
that compose the subsurface of the elevated plateaus and depressions. The aquifers 
are both of local and regional extension. Because of the geological situation, it is 
difficult to determine at what depth water will be encountered. It can vary from 5 to 
100 meters. For the manufacturers, the problem of groundwater depth is most acute 
in La Guajira. According to the technical specifications of the different wind pumps, 
the multi-bladed Fiasa bas the best marketing possibilities because of its large 
pumping head. The Gaviotas MV2E, on the other hand, can only be installed at very 
selective sites where the groundwater is closer to the surface. In both La Guajira and 
the elevated Andes regions, it may be necessary to perform a hydrological survey to 
determine the availability and depth of a water source. This is for the most part the 
responsibility of the end-user. 

The water quality with regard to health norms and potability are of minor importance 
to the manufacturer. With regard to the effects of the water quality on the pump 
parts, the salinity and presence of fine particles in the water are important indicators 
that the manufacturers should be aware of. The abrasive nature of these particles 
wear the leather seal and prompts the frequent replacement thereof. The region in 
which this problem is most acute is La Guajira. At present, there is no solution to this 
problem. At best the symptoms can be treated by regular and reliable maintenance. 

6.1.3 The Topography. 

The topography factor, which can be split into elevation and relief variables, is a 
minor influence on the behavior of manufacturers. The elevation aspect does affect 
the operation of the wind pump; a machine located at sea level extracts more power 
from the wind because the air density is higher (density of dry air at 20°C: 1.2 kg.m3

) 

than at a higher altitude, e.g. 3000 meters ( density of dry air at 20°C: 0.8). The basic 
functioning principle is the same, but the power is proportional to the density (see 
equation 5.1). 

Similarly, the relief is of trivial concern to the manufacturer. It is generally desirabie 
to install the wind pump on a level surface in order to avoid instanation complica
tions and to avert unforeseen mechanica! strains on the system caused by the slanted 
positioning. On the other hand, the proximity of mountain formations, ridges, hillocks, 
etc., affect the local wind regime favourably (e.g. venturi effect) as wellas adversely. 

6.1.4 The Geology /Soils. 

The type of soil, expressed in terms of texture and composition, and geology is a 
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factor of influence for the manufacturer when it concerns the subsurface. This aspect 
is in the first place an extension of the groundwater issue and in the second place a 
concern to the borehole drilling process. 

From east to west in los llanos, the granulometry gradually changes from very coarse 
and poorly sorted to fine-grained loose sand intercalated with clay. Near the Andean 
Cordillera, boulders and coarse gravel present drilling difficulties while in many 
instances artesian pressures are released upon encountering water. 

In the Cordillera Oriental, the subsurface geology varles from the highly permeable 
non-consolidated recent alluvial deposits to the Cretaceous-Tertiary consolidated 
rocks. Consequently, in certain areas the difficult drilling conditions don't justify the 
installation of 'simple' wind pumps. 

The subsoil in La Guajira consists predominantly of fine-grained sand. The drilling 
aspect poses therefore less of a problem than the wear of the pump parts as already 
discussed in section 6.3.2. 

6.1.5 The Ecology. 

By the factor ecology is meant the fauna and flora and their interaction with the wind 
pump environment. The flora, in the form of surrounding trees, could affect the 
choice of a partienlar installation site adversely by preventing ample wind from 
penetrating the area. Ironically, at certain sites in La Guajira the flora obstructions 
have averted damage to smaller wind pumps like the MV2E by breaking the danger
ous wind gusts. 

The fauna aspect is of hardly any importance either. It may be prudent to proteet 
certain parts closer to the ground so that cattie or other animals don't cause 
any damage inadvertentiy. 

6.2 The Geographicai/Demographical Cluster. 

This cluster explores demograpbic and geographical factors. For the manufacturer, the 
variables amalgamated in the location factor, the distance to markets, services and 
centers, are more important than the population configuration and settiement 
patterns. 

6.2.1 The Population. 

The population density, the population composition and the population growth are all 
population variables. The effect they have on manufacturer behavior are minima!. 
There is for example only a small correlation between population density and 
potential wind pump use. Only in large urban centers, where the population density is 
high, there is no market for wind pumps because of the service of municipal aque-
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ducts. And even so, in the outskirts of these urban centers, like in the suburbs of 
Bogotá, there could still be a demand for wind pumps. In less densely populated 
areas, the population consideration is negligible. Consider the following population 
densities: in Casanare there are 110,000 people in an area of 44,640 km2 (2.5 inhabi
tants/km2); in La Guajira there are 245,284 inhabitants that occupy an area of 20,848 
km2 (11.8 inhabitants/km2); and in Boyacá there are 1,089,000 persons in an area of 
23,189 km2 (47.0 inhabitants/km2). All three can be potentially lucrative wind pump 
markets that will be unaffected by these figures. 

The population composition with respect to gender, age or race proportions is of little 
concern to the manufacturer. Possibly, an aging population, a tendency occurring in 
Boyacá because of migration of younger labourers to the relatively close-lying Bogotá, 
might be a small consideration. The result could have two effects. On the one hand, 
an older generation population might be less inclined to purebase a product with a 
longer return on investment. On the other hand, they might be less biased for other 
pumping technologies such as diesel, motor and electric pumps just for technology's 
sake. From the limited survey in the area, most wind pump purebasers were above 50 
years of age. The income distribution on the other hand, which translates into 
population composition in terms of land ownership, is an important factor for the 
manufacturer in determining a marketing strategy. In los llanos the large land owner 
with more than 500 hectares of land is the norm. In Boyacá the typical land owner 
bas less than 100 hectares. In La Guajira, there are both small and large land owners 
but also semi-nomadie communities which do not have (make) any claims on the 
land. It can be assumed that there is a definitive correlation between land ownership 
and financlal capacity. From an elementary marketing standpoint, Casanare would 
seem the most marketabie region for wind pumps. 

The population growth, like the population density, is a variabie that does not 
concern the manufacturer, particularly in the short term. In the longer term, improved 
municipal services meeting increasing water demands of growing centers will discour
age wind pump sales. 

6.2.2 The Location. 

The location of the manufacturer with respect to markets, services and centers is an 
extremely important factor from a logistical point of view. It is for example important 
for the manufacturer to define bis marketing regions so that an appropriate manufac
turing location can be established taking into account distances to services and 
centers. 

Gaviotas for example set up its offices in Bogotá while its factory is located in the 
middle of los llanos, in Vichada. Considering its nationwide marketing strategy, 
Bogotá bas two clear advantages. The capita! is centrally located in the country, which 
makes it ideal as a distributing point. Furthermore, important govemment agencies 
and research institutions are situated in Bogotá as well. The proximity to the govern
ment bodies could offer opportunities to influence policy decisions and petition for 
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support while cooperation with research institutions is also more easily realized. 
Gaviotas has utilized both advantages successfully. The location of their factory 
however, indicates an inconsistency in their sales strategy. The production of the wind 
pump takes place in a remote, but centrally-located area of los llanos. This would 
suggest that the Gaviotas was originally destined for use in the region. However, 
under their nationwide marketing approach material inputs are obtained and 
transported to Vichada whereafter the finished wind pump is transported back to 
Bogotá to be eventually installed elsewhere in the country. The Gaviotas factory is 
furthermore not directly linked to all regionat centers in los llanos. Oftentimes, 
particularly during the rainy season, the roads are impassable and the only alternative 
is air transport. 

Jober has set up its office and production workshop in Duitama, Boyacá, some 200 
kilometers north of Bogotá. Duitama is a city with a population of 83,000 inhabitants 
which is centrally-located within Colombia. It therefore caters easily to all parts of the 
country, but especially to the Department of Casanare, which was originally the 
targeted marketing region. In this respect, the location was a conscious strategie 
choice. Some material inputs are obtained from Bogotá and galvanization services of 
wind pump parts must also be contracted in the capita!. The logistical aspects with 
regard to sales, installation and maintenance have been improved by enlisting 
distributors who perform both functions. Currently, there are distributors in Rioacha 
(La Guajira), Villavicencio (Meta), Valledupar (Cesar), Armenia (Quindio), Barran
quilla (Atlantico), Bucaramanga (Santander), Bogotá, Mam and Aguazul (Casanare). 

The workshops of El Manantial and Indussierra are located in Bogotá. The advantage 
with regard to marketing and material purebases apply to these manufacturers but 
they have been unable to take advantage of the proximity of govemment and research 
institutions as Gaviotas has. Talleres Holanda, which caters to the purely local market 
of Casanare, is situated in the capital of the Department, Y opal. Marketing and 
maintenance services are provided in the vicinity of the workshop. The manufacturer 
also claims that all material inputs can be purchased in Y opal. The dealer of Fiasa 
wind pumps is located in Cali (Valle del Cauca) in the valley between the Cordillera 
Occidental and Cordillera Centra!. Their access to consumer markets in los llanos 
and to a lesser extent La Guajira, are logistically speaking disadvantageous. 

6.2.3 The Dispersion. 

The dispersion factor of the demography is summed up by the following variables: 
population distribution; settiement patterns; and migration. The population distribu
tion is in essence a variabie that could belong to the population factor. In Colombia, 
unlike most other Latin American countries, there are a number of large urban 
centers nationwide. This aspect of the population distribution is conducive to the 
establishment of regionally-oriented manufacturers ( consider the location variables) 
without saturating the market 

Setdement patterns of (potential) end-users is important information to the manufac-
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turer because it affects their marketing behavior. In Casanare, large tracts of land 
belong to land owners who reside in larger urban centers such as Y opal or even 
Bogotá. Smaller, interspersedly-located settlements are inhabited by the 
workers/employees of the fincas. The manufacturer must therefore advertise bis 
product in the urban centers while coordinating installation and services with the 
finca managers, also known as mayor domos. The smaller land owner in Boyacá is 
usually more directly involved in the daily routine activities of bis finca. He therefore 
usually either lives on bis land or in one of the larger towns in the vicinity. Marketing 
and service actlvities are generally done in direct consultation with the land owner. In 
La Guajira, there are three settiement patterns detected among potential wind pump 
users. Firstiy, the potential wind pump user could be a small or large land owner with 
a demarcated plot of land who lives on bis property or in the capita! Rioacha. 
Secondly, he could also be a memher of a small community, in some cases a 'modem' 
Wayuu community which bas relinquished its nomadie existence. Thirdly, he could be 
a part of a traditional semi-nomadie Wayuu community that migrates seasonally. Each 
wind pump user bas different needs with regard to the implementation of wind 
pumps. 

The variabie migration bas already been touched on briefly as a seasonal phenom
enon. However, there is also the long-term migration aspect that deserves attention. 
Urban and regional migration will affect future marketing possibilities for the 
manufacturer. There is still a significant tendency to leave rural areas for larger urban 
centers. This is in part stimulated by safety considerations as a result of guerilla 
warfare. In La Guajira, the Wayuu Indians arealso gradually adopting more 'modem' 
settiement patterns. In Boyacá, there is no migration of significance. In Casanare, 
there are two counteracting migration factors. The recent Cusiana oil finds have 
spurred economie activity and migration into this region is therefore expected. On the 
other hand, petrochemical oil companies attract guerilla actlvities which offset the 
migration to a certain extent. It is expected that the combination of factors will 
stimulate a rural exodus to regional urban centers such as Y opal and Aguazul. 

6.3 The Infrastructurai/Political Cluster. 

This cluster encompasses both the infrastructural and politica! aspects that concern 
the manufacturer. The infrastructural variables belong to one factor group whereas 
the political variables are categorized in three factor groups namely: policies/laws; 
govemment and aid. Politica! indifference does not necessarily impede the marketing 
process but on the other hand politica! incentives can go a long way in promoting it. 

6.3.1 The Infrastructure. 

Infrastructural variables are quite simply twofold. Transportation and communication 
is combined as one variable, and availability of technica! assistance, credits, etc. is the 
other. Transportation and communication in general is a problem in Colombia 
inherent in the existing topography, and nationally-oriented manufacturers that 
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perform installation and maintenance services must take this into consideration. 
There is an extensive and reliable ( disregarding security aspects in the form of 
guerilla activity) road network for transportation in the Andes and Caribbean coastal 
regions. In the Bastem Plains however, the roads are less extensive and reliable due 
to seasonal flooding. Small airstrips are scattered around the region to make it 
accessible by air and there are numerous rivers which are navigable by outboard 
motor boats. There is a railway track connecting certain sections of the country but 
the national railway company bas been bankropt and hence there is currently no 
service. The different manufacturers make use of all three transport modes, i.e. river, 
road and air transport. Gaviotas and lndussierra are known to make use of small air 
transport. Indussierra contracts air transport for their wind machines to such areas as 
the Department of Nari:fio, in the south of Colombia. Jober contracts truck transport 
to deliver their products to distributors. For single delivery and installation, Jober 
personally transports the wind pumps. The telecommunications system, like the road 
network, principally caters to the more developed and densely-populated regions of 
the Andes and the Caribbean coastal regions. There is limited to no telecommuni
cations facilities in los llanos. Contact with for example the capital of Casanare, 
Y opal, is done by radio communications. All of the Colombian-based manufacturers, 
except for Talleres Holanda, have personal telephone and in most cases telefax 
systems. For Jober in particular, the present telecommunications network are grossly 
inadequate. Their main target area is the underdeveloped Bastem plains region of 
Casanare2 where they attempt to pursue a personalized marketing strategy with the 
end-user. This often means that personal visits are necessary which is becoming an 
increasing time burden with expanding sales. The use of intermediaries, i.e. distribu
tors, bas relieved the burden to a certain extent. 

The manufacturer Gaviotas bas been the most prominent beneficiary of technical 
assistance and credit availability. In this context, technica! assistance for the manufac
turer in essence signifies research cooperation. There are two important research 
institutions active in the field of wind pumping, the Universidad Nacional and the 
Universidad de los Andes. The former institution bas developed its own prototypes 
and bas lent little 'technical assistance' to indigenous wind pump development; their 
exhortation of wind pumping benefits bas however been commendable. The Univer
sidad de los Andes bas been actively working together with Gaviotas on and off in the 
area of technica! cooperation since the 70s. The early cooperation resulted in the 
development of the MV2E wind pump. More recently, in 1992, the Universidad de 
los Andes was asked to improve the technically deficient design of the 10-3-10 GG 
Guajira model. At the moment, the Universidad de los Andes is engaged in a 
tripartite research project with the University of Reading in the United K.ingdom and 
the Eindhoven University of Technologyin the Netherlands. The objective of this so
called 3-S project is to improve three aspects of current modern light-weight wind 
pumps (namely the ~ealing, ~tarting and ~moothing aspects) for eventual implementa
tion in the Colombian-manufactured Gaviotas MV2E and Jober models, and in the 

2 Casanare is considered in many ways underdeveloped with respect to the hordering Department of 
Meta. 

57 



Cha ter 6. 

Dutch CWD2000. The project is still underway and the two manufacturers have not 
yet been able to reap the benefits of the research gains. 

The Centro Las gaviotas was set up as a non-profit organization with the purpose of 
developing low-cost appropriate technologies "in productive harmony with nature." 
This noble undertaking attracted both government and UNDP finandal support. They 
have produced numerous other technologies besides the wind pump and their large
scale projects still allure eager finandng. The financing of the 10-3-10 GG model by 
the credit institution, La Caja Agraria, through the government is a case in point. The 
smaller manufacturers on the other hand do not receive such finandng. They are 
often not eligible for medium and large credit loans because they do not have 
suffident collateral. Jober, which among others bas mortgaged property, is a typical 
example. The result is that production must come on the heels of demand and that 
there is no product available in stock. Ideally, the manufacturer Jober would like to 
concentrate on production during the rainy off-season and sales during the busy dry 
season. Without capita!, this is not possible. Of the two new manufacturers planning 
to enter the market with the CWD2000 model, the larger Metalmecánica Agroindus
trial S.A. in this respect will have an important advantage because of its eligibility for 
credit. 

6.3.2 The Policies and Laws. 

The polides and laws affecting the manufacturer are essentially threefold: with 
respect to resource use; concerning land tenure and land reform; and in the area of 
agricultural development. There are no specific laws regarding the sustainable use of 
natura! resources such as wind, but a number of government institutions have broadly 
formulated policy objectives with regard to wind energy. The National Environmental 
Institute (INDERENA) for example bas the objective of rnanaging the country's 
natura! and renewable energy resources. These are empty words for the wind pump 
manufacturer consirlering that INDERENA bas never been active in the wind energy 
sector. According to Reddy's classification (see section 2.3), this institute can be 
considered the "powerless alternative technology promoter". The National Institute for 
Hydrology, Meteorology and Land Adaptation (HIMA T) bas the policy of supporting 
state and private activities dependent on hydrometeorology. The wind data accumu
lated by HIMA T bas been of limited value to manufacturers because of it is often 
inaccurate and unreliable, and furthermore restricted to eertaio regions. There are 
currently plans to map the entire national wind regime. The National Institute for 
Geological Investigations (Ingeominas) which is supposed to execute studies of 
natura! resources bas been more successful in the area of groundwater information 
and bas plotted a national hydrogeological map. 

Polides and laws regarding land tenure and reform have had no direct hearing 
whatsoever on the existing manufacturers. This aspect is more likely to affect the end
user. 

With regard to agricultural development, there are again no spedfic laws that are 
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beneficia! to the manufacturer besides maybe the fact that the sale of agricultural 
machinery, which includes wind pumps, is not taxed for IV A There have however 
been some notabie government resolutions and general policy initiatives which have 
benefitted the manufacturer. On 7 November 1989, a resolution was passed that 
modified credit terms at the Caja Agraria for the purebase of water pumps by 
municipalities and Departments in areas where there is little annual precipitation. In 
essence, the arrangement was earmarked for the Department of La Guajira to 
alleviate the hardship conditions for the semi-nomadie pasturalists, the Wayuu. In 
addition, the government would fund free technical assistance and maintenance by 
specialized companies. The manufacturer Gaviotas was able to benefit from this 
situation and by this means was able to sell 50 samples of their eventually unsuccess
ful 10-3-10 GG model. The Institute for Agriculture and Parming (ICA) in some 
areas tries to cohere its transfer of technology policy with the promotion of wind 
pumping machines. At their Meta branch in Villavicencio, ICA is promoting wind 
pump technology while in La Guajira, just outside of Rioacha, they are cooperating 
together with the Universidad Nacional and the National Service for Apprenticeship 
on a test field project. It should be noted however that although the credit institution 
La Caja Agraria and the ICA are affiliated to the Ministry of Agriculture, these wind 
pump promotion activities do very little to stimulate agricultural development, e.g. for 
irrigation projects. 

6.3.3 The Government. 

The influence of the national government on the creation of a conducive wind pump 
market for manufacturers can be gaged by two broadly based variables: the effective
ness and the attitudes of the government. The general effectiveness of a government 
and its policies is difficult to determine because it depends on a multitude of factors 
and circumstances. In the case of Colombia, there is at least one clear impediment to 
the national effectiveness of the government, and that is the intemal strife. The 
guerilla movements and drug cartel activities sap government resources, sow corrup
tion and render government authority in large parts of the country ineffective. Of the 
three regions under discussion, Casanare is in this respect the Department most 
'ungovemed'. Besides the presence of guerilla activity, the region is furthermore 
sparsely populated and until the recent oil finds, was uninteresting economically. As 
pertains to Casanare, the government can be considered, according to the classifica
tion of Reddy, as a skilis-short and uninterested government. lt is skilis-short because 
of its inability to thwart guerilla activities which hamper the dissemination of 
technology and development of this region. It is uninterested because of the low 
economie rate of return in stimulating regional development. In La Guajira, govern
ment effectiveness is also limited but it is gradually taking root, especially since the 
establishment of important coal mining activities at El Cerrejón which bas spurred 
interest in the region. Indigenous welfare schemes carried out by local municipalities 
indicate the growing government participation in regional development. The Depart
ment of Boyacá is largely within the government's sphere of influence because of its 
proximity to Bogotá. 
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The attitudes of a government can largely be deciphered from the kinds of policies it 
pursues. With regard to its energy policies, the Ministry of Mining and Energy and in 
extension thereof the national government, clearly emphasize the expansion of the 
national electricity grid and the development of oil and coal resources. The system of 
electrification bas become the gaverrunent's main priority in the wake of a year of 
rationing, sometimes up to 8 hours a day. Some 50-60 percent of the energy budget is 
set aside for the provision of electricity. The development of oil and coal resources 
are important to the government because of their contribution to the national export 
earnings (together 28% in 1991). The hesitant support for non-conventional energy 
resources bas been undermined by unsuccessful renewable energy projects. The 
contraversial Pesenca program for example, which supported the dissemination of 
various appropriate technologies in the coastal region, bas after 8 years of caoper
ation succeeded in establishing only two PV dealers and three companies in the hydro 
business, all of which import their equipment from Germany. The National Energy 
Commission whose task it is to develop a national energy plan and strategy recognizes 
the importance of renewable energy resources, particularly in rural areas. They 
naively believe however that the only worthwhile wind resource is in La Guajira and 
possibly in the Colombian islands Providencia and San Andres, off the coast of 
Nicaragua. The unfortunate arrangement with Gaviotas to develop a suitable wind 
pump for La Guajira bas undermined the credibility of local wind pump manufactu
rers. Ironically, one of the few successful renewable energy projects supported by the 
government bas been the marketing of solar heaters developed by the same Gaviotas. 
Consequently, the sharp contrast of the solar heater success as opposed to the wind 
pump failure by the same company could further disqualify local wind pump manufac
turing aspirations in the eyes of the government. According to the classification of 
Reddy, the government can be considered as a fragmented decisionmaker which 
promotes a technology as an idle initiative but not within a well-though out national 
energy plan. 

6.3.4 Aid. 

The factor aid is a benefaction that comes in a certain quantity and form, and along 
the lines of some kind of coordination. For the manufacturer aid can be provided in 
the form of technica! assistance, credit or grants. These aspects have already been 
discussed in section 6.3.1. One aspect not mentioned in this context is the direct 
importation of foreign technology for indigenous production; the idea bebind the 
marketing of the CWD2000. The logic bebind this form of aid sterns from the 
rhetorica! adage of not having to invent the wheel again. The pitfall of such logic is 
that the wheel must be adapted to local conditions. In the case of the CWD2000, a 
souree of possible manufacturing problems lies in the fact that CWD designs use the 
metric system whereas in Colombia a combination of metric and yard systems is used; 
lengtbs are in metric units and diameters in yard units. A further disadvantage of 
importing technology into a country with sufficient technica! know-how is the 
deprivation of indigenous technological development. The Pesenca program discussed 
in the previous section is an example of this. It is a tribute to the state of the national 
wind pumping technology level to assert that the only appropriate technologies not of 
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German origin were the locally manufactured wind pumps. 

The coordination of aid to wind pump manufacturers can be examined on two levels: 
domestically and intemationally. Domestically, aid for wind pump development and 
promotion, as far as it exists, bas a low level of coordination. Consider that in the 
government alone, there are institutions affiliated to three different ministries 
(Ministry of Mining and Energy, Ministry of Education and Ministry of Agriculture) 
that have been active in this field. Any degree of coordination effected bas been the 
result of individual initiatives, in many cases originating from the Universidad 
Nacional. Intemationally, the global coordination of wind pumping activities essential
ly does not exist. Prominent memhers in the wind energy community have plead for 
the establishment of some kind of organization, i.e. documentation center, to gather, 
file and provide information on all aspects of wind pumping activities. 

6.4 The Economie Cluster. 

This cluster encompasses both meso- and macro-economie aspects that concern the 
manufacturer. The variables are grouped in terms of prices, marketing, employ
ment/wages and trade. It should be noted that it bas proven difficult to gain insight 
into the detailed business economics of the manufacturers because of its inherently 
privileged character. 

6.4.1 Prices. 

The factor prices is to the manufacturer a neutral entity because it is composed of a 
number of given variables of the meso-economic environment. The sole influence of 
these variables is as a sum, i.e. the cost price, which lays the basis for the sales price 
and determines whether there is a demand among potential end-users. To give a 
general indication of the orders of magnitude, the cost price cited for the manufac
ture of one Jober wind pump unit (smallest model) was approximately US $560.00: 
US $375.00 for material and direct Iabour costs; and US $185.00 for overhead costs 
including rent, taxes and overhead Iabour costs. The installed sales price in Boyacá is 
roughly US $900.00. Slight upward adjustments are made for installations farther 
away to cover, among others, transportation costs. For the wind pumps destined for 
La Guajira, galvanization of tower parts is necessary. This can be contracted in 
Bogotá either by electrolysis for approximately US $0.50 per kilogram or by a heating 
metbod which costs approximately twice as much, i.e. US $1.00 per kilogram. It would 
cost nearly US $10,000 to set up a galvanization plant. Special arrangements are 
made with their distributors. The manufacturer Jober claims it can reduce the costs 
per wind pump if it had the capita! to make bulk purebases of material inputs. The ex 
factory sales price of the MV2E Gaviotas model is US $660.00. The lower sales price 
compared to the Jober pump is attributed to the much lower material costs which 
more than compensate for the transportation costs from Vichada. There does not 
seem to be any more room for cost reduction. 
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6.4.2 Marketing. 

Until now, the term marketing bas been considered in the same breath as the concept 
of wind pump technology dissemination process. Marketing bas been purported to be 
a socio-economie process by which potential customers, sharing a particular need, and 
manufacturers, offering a specific product solution, engage in exchange to satisfy that 
need or want. Under this heading however, the factor marketing specifically signifies 
the process of planning and executing the conception, pricing, promotion and 
distribution of goods, services and ideas to create exchanges with target groups that 
satisfy customer and organizational objectives. This factor bas been reduced to 
encompass three variables: intermediaries; government bodies; and promotion. The 
pricing aspect bas been covered in the previous section. 

The use of intermediaties bas been a marketing management activity that particularly 
Jober bas propagated. As mentioned insection 6.2.2, Jober bas enlisted a number of 
distributors in various locations nationwide and one across the border in Venezuela. 
The distributors range from simple selling agents to avid wind pump promoters to 
complete installation and maintenance providers. Consequently, Jober bas produced a 
national marketing network which extends to most of the potentially feasible regions 
in Colombia. lndicative of the success of this marketing strategy is the fact that their 
distributor in Villavicencio bas sold close to 100 wind pumps. None of the other 
manufacturers have enlisted permanent intermediaries. 

The role of government bodies, already discussed to a certain extent within the 
Infrastructural/Political factor cluster, bas been a marketing tooi successfully 
employed by Gaviotas. They have been able to enthuse the government for their 
"tropically rational" technology alternatives in the field of solar energy, hydroponics, 
reforestation and wind energy. In return for their support, the government is 
rewarded with favourable publicity. As an indication of the value of this marketing 
tooi for Gaviotas, it might be considered that approximately 30% of the wind pumps 
have been sold through intervention or with aid of the Colombian Government. 
According to total sales figures, this entails more than 2000 wind pumps. Of these 500 
have been claimed to have been sold to other Latin American countries including 
Brazil, Chile, Costa Rica, Cuba3, Paraguay and Venezuela. None of the other manu
facturers can attribute any direct marketing success to the role of government bodies. 

All the manufacturers are engaged in promotion and advertising, however none have 
developed these activities into some kind of comprehensive marketing strategy. Of the 
manufacturers, Gaviotas bas had the most diverse and professional approach to the 
promotion of their product. Since their establishment in 1973, there bas been quite a 
lot of media hype surrounding Gaviotas' bold and noble objectives with regard to 
tropical rationality, appropriate technology and rural development. Projects, such as a 
rural hospita! run solely on renewable energy, have received a disproportionately high 

3 The UNDP assisted in the sale of wind pumps to Cuba. 
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amount of publicity. The government bas capitalized on the situation for a certain 
amount of self-promotion which further bolstered the prestige of Gaviotas. A number 
of documentaries, among them one originally made for German television, have been 
shown on Colombian television. Gaviotas bas consequently become a familiar 
'household' name. The company continues to promote itself professionally by means 
of videos, colorful glossy pamphlets, shirts, etc. Despite successfully enhancing the 
company name, there bas been little product advertising and promotional aggressive
ness. With respect to the wind pump, these activities are basically limited to their 
wind pump display at the annual AgroExpo fair in Bogotá, at which agricultural and 
farming implements are demonstrated. The manufacturer Jober is considerably less 
involved in promotion activities simply because it doesn't have the time, money and 
resources. Most active advertising is undertaken by their intermediaries. They do 
however, participate in localfairs and at the large AgroExpo fair. They have recently 
constructed a 1.5 meter replica of their wind pump in order to demonstrate the use of 
the wind pump more effectively at these fairs. Nevertheless, fairs and expositions yield 
few new customers. Jober also advertises in the local Duitama Yellow Pages but 
concedes that it would be more effective to do so in Bogotá. The wind pump itself is 
by far their most successful advertising tooi in two ways. New business is obtained by 
referrals of existing Jober wind pump users and possibly more importantly, as aresult 
of emblazoned advertising on the rotor tail of their product. Most manufacturers 
advertise in the Y ellow Pages and have business cards but on the whole they are 
convineed that the quality of their product alone is sufficient advertising. One of the 
two new potential manufacturers, Metalmecánica Agroindustrial S.A, on the other 
hand does seem to have a comprehensive marketing approach. They identify potential 
rustomers and approach them either by mail or in person. In many cases, an engineer 
of the company is sent to scout potential product users in order to attempt to sell the 
company's products. 

6.4.3 Employment. 

The factor employment encompasses such variables as wages, employment structure 
and labour skills. The wages by sector is a minor factor where the manufacturer is 
concemed. The minimum wage is the same in all regions and all sectors, i.e. US $2.71 
per day. As a result, it is neither a push nor a pull factor in the macro-economie 
sense. 

With the exception of Gaviotas the manufacturers are all small to medium-sized and 
the core of employees is generally the family. These manufacturers practice flexible 
employment measures wherefore the wage costs can be regulated. Jober was original
ly set up by two entrepreneurlal brothers. It expanded to incorporate a third brother 
and a spouse as permanent employees and up to 5 part-time seasonal employees. 
Similarly, Talleres Holanda was also established by two sibling brothers who in 
addition hired two permanent non-family employees. The owner of Indussierra bas six 
full-time employees and a daughter who performs the secretarial activities. El 
Manantial bas between 5 and 10 part-time employees but it is not known if any are 
family members. Gaviotas, on the other hand is a large employer and does not have 
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the luxury of hiring personnel periodically, especially not in Vichada where the low 
population density could result in Iabour shortages. The employment structure is 
therefore more rigid at Gaviotas. 

The level of Iabour skilis required in the production workshops of the different 
manufacturers is generally low. The employees must be able to wield common 
workshop tools and utilize such machines as lathes, electric saws, milling cutters, 
welding and drilling equipment. The small manufacturers execute the more pro
fessional actlvities personally, such as the manufacture of the gears in the case of 
lndussierra. At Gaviotas, professional personnel are required such as managers and 
engineers. In the past, engineers have been recruited from the Universidad de los 
Andes. Reeruitment is not a problem for Gaviotas because of their contacts with the 
university and the location of their headquarters at Bogotá. Metalmecánica Agro
industrial S.A has also recently recruited a graduate from the Universidad de los 
Andes to set up their wind pump division. Reeruitment does not present a problem 
forthem either. 

6.4.4 Trade. 

The trade factor is a macro-economie aspect that bas had some effect on the 
manufacturers. In 1991, Colombia embarked on a new economie course known as la 
apertura económica. Their protectionist trade policy was replaced by a more open 
policy towards international commerce. The implications of this radical about-face for 
the internal economie development are still taking shape. Under the protectionist 
policy, the national currency was often overvalued relative to the dollar in order to 
stimulate industrial development for the internal market. This measure was conducive 
to the importation of capital goods and raw materials. This occurred at the expense of 
the agricultural sector because it affected the terms of trade and consequently 
restricted the external demand for agricultural goods. This policy offered little 
investment opportunity for technological development in the agricultural sector and 
therefore it developed only gradually. The more liberal open market policies have 
resulted in more real terms of trade but at the same time have made industry 
vulnerable to international competition. For the wind pump manufacturer, this bas 
meant that they could expect market competition from foreign-based manufacturers 
on more even terms. Fortunately, the market structure still favours local manufac
turers. The presently imported Fiasa wind pump for example, fits in a price range that 
does not encroach on market segments belonging to local manufacturers. On the 
other hand, other pumping technologies such as the diesel pump, the motor pump etc. 
have benefitted from the new policy and are competing with locally manufactured 
wind pumps. 

Another trade aspect that bas been of influence on the decision by Metalmecánica 
lndustrial S.A toenter the wind pump market is the breakdown of the 1989 Interna
tional Coffee Growers' Agreement the following year in 1990. Metalmecánica Indus
trial S.A bas traditionally catered extensively to the coffee-producing regions of the 
country but with the economie malaise in this sector, sales have decreased and they 
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have started to explore new markets, one of which being the wind pump market 

6.5 The Cultural Cluster. 

The cultural factors have been divided into those that cover social aspects and those 
that affect psychological aspects. For the wind pump manufacturer, the social aspects 
have been of minor importance compared to the psychological aspects in determining 
their decision to produce and market wind pumps. 

6.5.1 The Social Structure. 

The variables that belong to the factor group social structure are: status and mobility; 
authority and power relations; strains and conflicts; and decisionmaking and participa
tion. Many of these variables must be viewed in the respective marketing environ
ments of the manufacturers. Gaviotas for example has developed a certain status 
nationwide due tothefact that it is a well-known name. Jober on the other hand does 
not enjoy a national reputation. It does however, have a very respectable status in 
Boyacá and Casanare. Talleres Holanda, the manufacturer located at Y opal was 
quotedas saying that Jober rules the Casanare market (''Jober manda!'). 

Of the manufacturers in the wind pump sector, Gaviotas is the one that has power 
relations on the national scene. This has been illustrated during discussions of 
previous factors. The result has been that the company has been involved to a certain 
degree, albeit indirectly, in national decisionmaking and participation in this field. On 
occasion it has also fostered strains and conflicts because of unsuccessful projects. 

Intheir marketing environment, Jober does not wield any special authority or access 
to local power sourees that could assist them in their business. They are young 
entrepreneurs, from a low-income family, that have started from scratch and are still 
in the processof maturing the company. Their customer-oriented marketing approach 
actuates feedback and thus participation by the end-user. Any possible strains or 
conflicts with end-users are hence also nipped in the bud. 

6.5.2 lndigenous Organization. 

The factor indigenous organization includes such variables as: kinship; religious 
groups; voluntary association; indigenous law; and indigenous technical knowledge. As 
has been discussed earlier, kinship has motivated the establishment of certain 
manufacturers. In Colombia, the family unit still has an important social function, 
particularly in rural areas. Family businesses are not uncommon. Gaviotas is an 
exception in this respect; it started out as a non-governmental organization (NGO) 
that was supported by international and government institutions. 

In Colombia, the people are predominantly Catholic. The fact whether or not 
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manufacturers are non-practicing or orthodox Catholics does not affect the sales 
response. Any other voluntary associations similarly have no influence whatsoever. 

For the manufacturer, there do not exist indigenous laws or unwritten rules to which 
it must abide. There is only a national jurisprudence which is neither favourable nor 
unfavourable but simply provides a context within which the manufacturers must do 
their business. 

Indigenous technica! knowledge means in this case all the knowledge accumulated 
domestically in the field of wind pumping. The Universidad de los Andes is in this 
respect the institution that scientifically develops technica! knowledge in this area. 
Fortunately, it also plans to divulge new developments to the various manufacturers. 
The manufacturers themselves also develop technica! aspects of the wind pump by 
trial and error. The technica! developments are usually unique to each wind pump 
manufacturer. The fact that the wind pumps produced are functional and operational 
connotes the indigenous technica! capacity of the manufacturers. In the case of 
Gaviotas, the fact that it advertises the production of appropriate indigenous technol
ogy bas been beneficia! to sales. 

6.5.3 Land. 

Variables that pertain to the land factor such as customary rights, land disputes and 
landlord-tenant relationships have in the Colombian context had no influence 
whatsoever on the manufacturers. 

6.5.4 The Household. 

The household factor, which is divided into variables such as divisioli of Iabour, 
religion and contacts, is similarly of little influence to the manufacturer. In the case of 
lndussierra and Jober, women in the household (a daughter and wife respectively) 
perform secretarial functions in the company. With regard to women and labour in 
gene ral, Colombia despite its ''machista" culture bas taken great strides in supporting 
equal opportunity. Male chauvinism is still widespread but less so than in neighboring 
Latin American countries. Women in the workforce is an accepted phenomenon. 

The variabie household contacts denotes personal acquaintances. For small manufac
turers, personal acquaintances are more important to their total marketing effective
ness than for larger manufacturers. As mentioned earlier, a manufacturer like Jober 
still relles heavily on referrals and many among those are through household contacts. 

The variabie religion bas been discussed in section 6.5.2. 

6.5.5 Management. 

This factor is determined by only one variable, namely managerial capacities viz. 
skills. It goes without saying that the managerial skilis employed in a small company 
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are different to those employed in a larger company. A small manufacturer such as 
Jober manages production on demand and therefore a reasonable degree of flexibility 
is desired because of the lack of planning. The two founding brothers are models of 
flexibility because they assist in every aspect of the company, i.e. construction, sales, 
installation, maintenance, etc. A larger company such as Gaviotas must include in its 
management activities coordination and division of Iabour. The director of the 
company bas a more general function and is for example unfamiliar with the technica! 
details of his products. The coordination of wind pump activities is designated to a 
chief of staff who is also the technical expert. Production is executed by the factory 
workers. A hierarchial system exists in the company. 

6.5.6 Knowledge. 

The two variables that provide a person with knowledge are education and experi
ence. The various wind pump manufacturers have developed their products relying on 
a combination of these variables. The two founding brothers of Jober have both been 
exposed to university level education. One attended the Universidad Nacional and 
completed an undergraduate degree in Mechanica! Engineering. The other foliowed a 
liberal arts program at the local university in Boyacá. The distinct educational 
backgrounds have reflected in their functional roles within the company. Although, 
both brothers participate in all facets of company activities, it is clear that the former 
brother is more involved in the engineering aspects whereas the latter is more 
comfortable in the marketing role and making contacts with (potential) end-users. 
The situation can be likened to the role division of the brothers Anton and Gerard 
Philips in the early years of Philips' existence. The Jober brothers furthermore have 
10 years manufacturing experience during which trial and error but also scientific
/technicalliterature was used to develop their product. 

The manufacturer Gaviotas bas been manufacturing wind pumps for over 20 years. 
Nevertheless, it bas not capitalized optimally on their experience because few 
improvements have been made on the MV2E after it was first launched on the 
market. The various wind pump models that have been introduced were developed by 
educated engineers that to a large extent applied engineering principles. 

The manufacturer Indussierra bas the longest experience in the wind pump field. The 
owner of the company developed bis wind pump knowledge on the job, working for 
Caja Agraria and doing among others wind pump maintenance. He bas had no formal 
training and his wind pump model is largely atrialand error copy. 

It is unknown whether the other existing manufacturers, of Talleres Holanda and El 
Manantial, have had any formal training but it appears that they have developed their 
prototypes on the basis of trial and error experience. The two new manufacturers will 
rely more on their educational backgrounds. Metalmecánica Agroindustrial has 
contracted a recently graduated mechanica! engineer to set up the wind pump 
division. The other company similarly will be set up by two mechanica! engineers, one 
of whom bas been active in the wind pump manufacturing branch while the other bas 
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been involved in extensive research activities on wind pumps at the Universidad de 
los Andes. 

6.5. 7 Personal Aspects. 

Among the psycho-cultural variables are a number personal aspects which include: 
needs and wants; expectations and aspirations; preferences; and perception and 
ideology. These variables are more or less positively inclined for all the manufacturers 
because otherwise they would not be producing wind pumps. Nevertheless, important 
nuances have been ascertained. 

The most acute need of Jober is capital. The lack of capital prevents expansion and 
limits the extent of their planning possibilities. At the moment they have to synchron
ize manufacture to individual demand because they can not purebase raw matenals in 
advance. ldeally they would like to concentrate on production during the rainy season 
so that there are products in stock for sales and installation during the busy dry 
season. As a consequence, they do not partake in active promotion and advertising 
because it overburdens production. They aspire to concentrate solely on production 
whilst their distributors market the product, i.e. seU, instaU and advertise the wind 
pump. Eventually, Jober would like to relocate to Casanare where the core of their 
business is. Despite the unexpected success in other regions, they still expect their 
future clientele to be concentrated in los Uanos. In the future, Jober may include weU
drilling as part of their services although they prefer to leave this to the distributor. 
Because Jober is still preoccupied by short-term production and sales, they do not 
have a clear long-term utopian vision of wind pump use in Colombia. They are 
uncertain what roles the various international, govemment and research institutions 
should play to promote the sector. They simply do not have any expectations of 
govemment policies or research activities presently undertaken. 

Gaviotas bas not confided as having any urgent needs with regards to the manufac
ture of their wind pumps. They do however want to obtain the rights to manufacture 
the CWD2000 wind pump in order to expand their product assortment. Nevertheless, 
Gaviotas does not expect a significant increase in wind pump sales in Colombia. It 
believes that there is a larger market potential for aerogenerators and are therefore 
exploring possibilities in this field. The wind pump manufacturing activity seems to 
have been relegated to a position of lesser importance within the company. The 
production of solar heaters and other large-scale projects seem to take priority. 

For the manufacturer Indussierra, the effect of the personal variables are over
shadowed by the fact that owner is on the verge of retiring. He bas always mono
polized the essential manufacturing processes whereby no-one bas been able to 
inherit bis knowledge and experience when the time comes to take over the company. 
This fact bas for example made the Universidad de los Andes hesitant to initiate any 
kind of cooperation. 
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6.5.8 Attitudes. 

Another factor that belongs to the psycho-cultural cluster are the attitudes of the 
manufacturers towards: innovation and change; cooperation and participation; and the 
government. These attitudes are in certain cases an extension of their personal 
aspects. 

Of the three manufacturers discussed in the previous section, Jober is the one that is 
the most inclined towards innovation and change in the wind pump sector. Although 
they have a standardized prototype, they are continually searching for ways to 
improve the performance. At the moment, they are exploring ways of ameliorating 
the sealing mechanism. The replacement of the leather cup seals due to wear 
occupies most of their maintenance activities. Their innovative approach can be 
attributed in part to the fact that they are still a maturing company and that they 
focus particular attention to the engineering of their product. However, as mentioned 
in the previous section, they are less inclined to cooperate and participate in research 
projects because of the low expected return. With regard to the government, they are 
furthermore suspicious and circumspect. 

The manufacturer Gaviotas is a lot less inclined to undertake innovative steps to 
improve their wind pump products. This sterns from their somber expectations of 
future wind pump prospects. The fact that they are vying for the CWD2000 designs 
indicates that they are not prepared to improve their own product but instead market 
an already existing one. Their attitude towards cooperation and participation with 
research institutions is evident from fruitful past cooperation. Similarly, the govern
ment bas been an important supporter of Gaviotas and hence their attitude is also 
positive in this respect. 
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There are four main categones of water use which may be distinguished, namely: 
dornestic purposes; livestock consumption; irrigation; and institutional viz. commercial 
use. Water requirements for dornestic purposes and livestock consumption are more 
or less straightforward; quite simply the required water volume is the product of the 
number of people/animals and the per capita/head consumption. Water requirements 
for irrigation and institutional viz. commercial use are on the other hand dependent 
on the specific activity, i.e. the type of erop or commercial enterprise. 

The wind pump is a device which can cater to all these diverging needs, however in 
the Colombian context the first two categones form the basis of wind pump acquisiti
on. The examination of end-user considerations will take this into account but will 
nevertheless touch on the latter two wind pump use possibilities. 

The structure of the examination will adhere to the cluster analysis as presented in 
Chapter 2. The physical/ ecological, geographical/ demograp bi cal, infrastructural/
political, economie and cultural factors will be successively examined and evaluated as 
to their disposition in the dissemination process. This examination will proceed 
concurrently for the three Departments discussed in Chapter 3, Boyacá, Casanare and 
La Guajira. Any generalizations with regard to corresponding geographical regions 
will try to be put into perspective. The discretized assessment of the entities are given 
between accolades in the tables of Appendices D, E and F. They provide a prospecti
ve indication of wind pump use from the end-user point of view. 

7.1 The Physicai/Ecological Cluster. 

The physical/ ecological cluster consists of the following five factors: the climate; the 
hydrology; the topography; the geology and soils; and the ecology. Whereas the 
manufacturer bas to adapt the technology of bis product to the physical conditions, 
the end-user must decide whether the prevailing conditions warrant the acquisition of 
the proffered product. 

7.1.1 The Climate. 

The factor elimate includes the variables temperature, precipitation and wind velocity, 
which are different for the regions Boyacá, Casanare and La Guajira. The tempe
rature is a variabie which affects the water intake of humans and cattle. However, 
potential end-users have water requirements in spite of high temperatures. Conse
quently, the thermometer reading is not a purchase-dependent variable. 

The precipitation on the other hand is a critica! variabie in the decision to purebase a 
wind pump. In the upper Guajira the precipitation level is a lowly 400 mm per annum 
while in the lower Guajira this figure is only slightly higher at approximately 1000 mm 
per annum. However, what makes the situation more acute is the annual distribution 
of the rainfall (see figure 7.1). During the five months from December to April, only 
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Figure 7.1. Percentage annual distribution of rainfall and average monthly wind 
speeds in La Guajira [8]. 
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Figure 7 .2. Percentage annual distribution of rainfall and average monthly wind 
speeds in los llanos [8]. 
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Figure 7 .3. Percentage annual dis tribution of rainfall in Boyacá and average 
monthly wind speeds in Bogotá [8]. 

15% of the annual precipitation occurs. Similar but less extreme distributions have 
been ascertained to occur in los llanos and in Boyacá (figures 7.2 and 7.3). In these 
regions, 25% of the annual rainfall drops in these five months. In los llanos however, 
the rainfall is regionally homogeneons between 2000 mm and 4000 mm per annum 
while in Boyacá this can vary locally from under 1000 mm to over 4000 mm in certain 
areas. The low annual precipitation has made La Guajira a semi-desert region. 
Irrigation by precipitation alone is not possible and water requirements for cattie 
consumption and dornestic purposes can not be met by lingering in one area alone; 
local precipitation is unpredictable and accumulated water levels cannot be sustained, 
especially not to last during the dry season. This is the reason why the indigenous 
tribes became semi-nomadie as it were. In los llanos, annual rainfall is reasonably 
high but a prolonged drought season can cause problems. Traditionally, water for 
cattie consumption has been accumulated in large man-made viz. 'man-dug' water 
reservoirs or trenches1

• At the end of a protracted dry spell however, there is often 
no water left in the reservoir which leads to cattie fatalities. One of the end-users 
interviewed knew of a cattie rancher who had lost 200 of 4000 head of cattie during 
one particularly dry year. The interviewee bimself confided that he used to lose 20 to 
30 cattie a year (of a total of 350) prior to purchasing a wind pump. Ever since, not 
more than 1 or 2 die a year. Although the amount of rainfall in Boyacá varles largely, 

1 This metbod of water accumulation is still common; it is the rule rather than the exception. 

73 



Cha ter 7. 

there does not seem to be a serious water shortage problem. All kinds of crops are 
cultivated in the region under local precipitant conditions and by means of natural 
irrigation. 

The prevailing wind conditions affect the behavior of the potential end-user to the 
extent that favourable wind veloeities correspond to periods of low precipitation. In 
La Guajira, the average annual wind velocity is important because rainfall is scant 
year-round. The monthly variations corresponding to the dry months from December 
to April and July are important as well, because they are particularly harsh. In los 
llanos, the annual average is less important than the monthly variations corresponding 
to the dry season. In Boyacá, the precipitation and wind veloeities are more locally 
dependent and it is hence up to the end-user to weigh these climatological factors 
against daily, monthly and yearly needs to determine whether the purebase of a wind 
pump is necessary. In this case, more site-dependent deliberation is required from the 
potential end-user. In figures 7.1 to 7.3, the monthly wind speed averages tabled in 
table 6.1 are projected onto the corresponding regional bar graphs of precipitation.2 

The end-user must, by all means, avoid becoming dependent on diumal wind vari
ations by installing storage tanks. 

7.1.2 The Hydrology. 

The availability and quality of surface and groundwater sourees are aspects to be 
considered by the end-user. The availability of proximate surface water canto some 
users be considered sufficient to meet water needs, particularly when it concerns 
cattie consumption. lf however, irrigation is needed for cultivation the simple 
availability of surface water will not be enough and some kind of pumping mechanism 
may be useful. In La Guajira, surface water is limited to a number of river tributaries. 
These rivers have provided water to the pasturalists and their cattie living along its 
banks. These rivers have become polluted however, and untreated water is not 
potable, presenting health risk to humans. In Casanare and the rest of los llanos there 
are abundant surface water resources. The accessability for cattie alone does not 
negate the necessity to purebase a wind pump however. A cattie rancher tries to 
maximize the use of bis finca by letting the cattie roam to new grazing grounds. But 
not all grazing areas are blessed with surface water sources. Furthermore, rivers with 
strong currents pose a danger to the drinking animals. To avoid accidents, a cattie 
rancher may want to pump water to a safer location. In Boyacá, there are also a 
considerable number of surface water sources. Unlike La Guajira and Casanare, there 
are many scattered lakes, ponds and pools besides rivers, streams and brooks. This is 
a direct consequence of the mountainous topography. In this region, where there is 
active cultivation of crops, irrigation by channelling surfaces water sourees is common. 
There is also a possibility of exploiting this souree by means of "remote pumping". 
Along the banks of Lake Tota (Lago Tota) for example, a number of wind pumps 

2 Table 6.1 does not list wind speed data for a particular location in Boyacá. Instead, wind speed data 
for Bogotá have been grapbed because wind conditions there, are presumed not to vary significantly from 
the general situation in Boyacá. 
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have been installed to irrigate the fields where leek is being cultivated. 

The availability of groundwater is also a concern to the potential end-user if there is 
no access to a municipal aqueduct or surface water, or the quality of the surface 
water is hazardons to human health. In Boyacá, there are municipal aqueducts in 
more populated areas but the distribution of water is subject to serious rationing. 
Aqueduct water is obtained from elevated surface water sourees because the transport 
is realized by the height difference. This is a limitation because lower lying water 
sourees are not exploited. Furthermore, replenishment of the water sourees is depend
ent on rainfall. Also the regional urban centers are steadily growing and more people 
are gaining access to the same limited supply of aqueduct water. Although surface 
water is abundant, many small rural landowners in Boyacá do not have direct access 
to this source. As mentioned in the previous chapter, groundwater is available but is 
strongly site dependent and can range between 5 to 100 meters. Similarly, the quality 
of the groundwater can vary from good to normal, being calciferous in certain areas. 
In very limited areas, where there is geothermal activity, the water can be of poor 
quality. In Casanare, despite the abundance of surface water, groundwater is often 
worth exploiting. The traditional man-made reservoirs tend to hold putrid water after 
protracted dry spelis and affect the health of cattle. Pumping groundwater to the 
surface is therefore an attractive option consirlering that it has a good chemica! 
quality and it is above all potable. Fortunately, it is also encountered close to the 
surface. In La Guajira, the pancity of surface water sourees has urged inhabitants to 
exploit groundwater sources. In most areas of the interlor the water is of reasonable 
chemical quality and is potable according to the norms standardized in 1972 by the 
World Health Organization. Unfortunately, near the coastal regions the water tends 
to be salinated, chlorinated and undrinkable. Despite the large depth at which 
groundwater is encountered, it is the only potable souree of water for the inhabitants. 
Consequently, any reliable pumping mechanism which can extract the preclous water 
will be welcome. 

7.1.3 The Topography. 

The topography factor includes the variables elevation and relief/slopes. In La 
Guajira and Casanare, the landscape is generally flat. La Guajira is a coastal 
Department and therefore lies at sea level while Casanare is situated at an altitude 
between 200 and 400 meters. Neither variabie is of any influence to the potential end
users in these regions. 

The elevation variabie is a consideration to the inhabitant of Boyacá. In this region, 
water is channelled from higher-lying sources. A piece of land on a local mountain 
crest generally has less access to water in the form of streams or brooks than in a 
dale or valley. The rellef variabie is also an increasing consideration for the potential 
end-user in Boyacá. The govemment is pursuing land reclamation programmes in the 
Cordilleras to augment the cultivation output. At present about 70% of the rural 
Colombian population is located in the Cordilleras and 60% of the staple foods of 
intermediate and large cities and 20% of the raw matenals exported comes from 

75 



Cha ter 7. 

these mountainous regions. One possibility of land reclamation is utilizing mountain 
slopes but a problem is irrigation. Wind pumps could be useful in this regard by 
pumping water to storage tanks lying at higher positions on the mountain slopes from 
where the water is distributed back down the slope. The extent of this irrigation 
prospect however, is limited by the maximum pumping head of the wind machine. 
Furthermore, a wind pump should be vertically installed which means that improvis
ation might be required on mountain slopes. 

7.1.4 The Geology/Soils. 

For the potential wind pump buyer the geology is of lesser importance than the 
composition and texture of the soil. The soil, specifically the topsoil as opposed to the 
subsoil, is important only to the agricultural end-user because it determines whether 
and which erop he can cultivate. 

In La Guajira, the topsoil is of poor quality and there has only been limited agricul
tural exploitation. Most cultivation is small-scale and limited to the region of the 
lower Guajira. The principal crops are cotton, maize, bananas and yuca. 

In Casanare, the cultivation of crops is a secondary activity. The topsoil is not of good 
quality; only rice and sorghum have been cultivated successfully on a larger scale. The 
agricultural sector cannot be developed properly without serious care for the quality 
of the soil by for example erop rotation. An indication of the soil fertility is reflected 
in the ratio of cattie to grazing land; in los llanos the rule of thumb is one head of 
cattie to two hectares of grazing land. 

The Department of Boyacá has very fertile areas. It is agriculturally-oriented and is 
the largest income generating sector. There is a large production of potatoes which is 
exported to among others Germany. Sugar cane, coffee, bananas and a wide variety of 
vegetables are cultivated in Boyacá. Irrigation using wind pumps for cultivation 
purposes has a large potential in this region. 

7.1.5 The Ecology. 

By ecology is meant the variables flora and fauna. The flora aspect is a factor for the 
purebase of a wind pump to the farmers that cultivate agricultural crops. Up to now, 
the flora aspect alone has notbeen motivation enough in the agricultural sector. The 
variabie fauna applies to the cattie ranchers in particular. In La Guajira and Boyacá, 
any water requirements would be for both human and cattie consumption. In 
Casanare, the fauna factor alone determines the decision to purebase a wind pump. A 
wind pump would generally only serve the needs of cattie and less so dornestic 
requirements because the landowners usually reside in the larger urban centers. This 
situation makes the wind pump attractive in a way, because water is pumped by itself, 
without human intervention. The wind pump doesnothave to be "switched on". The 
type of cattie in this region are generally zebu cows which are slaughtered for meat. 
This type adapts easily to the tropical climate. 
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There are known cases of individuals purchasing wind pumps for other fauna-related 
reasons. Certain end-users utilize the wind pump to reoxygenate the water of their 
fishery farms. Furthermore, some pig farmers also obtain water using the wind pump. 
These are exceptional cases and are not region-related. 

7.2 The GeographicalfDemographical Cluster. 

Geographical and demographical factors are important aspects in the decision-making 
process of potential wind pump buyers. Community, more so than regional character
istics determine to a large extent the needs of the individual. This means that 
dispersion patterns and distances are more important than general population aspects. 

7.2.1 The Population. 

The population factor is summed up by the variables density, composition and growth. 
In each of the three Departments, La Guajira, Casanare and Boyacá, the unique 
combination of these population variables does little to affect the considerations of 
the potential end-user. 

In Boyacá the population density is nigh on 50 inhabitants/km2
, which in itself is not 

high but consirlering the topography it is understandable that the population is more 
concentrated in certain areas. There are a number of intermediate urban centers and 
these have been steadily increasing. Although municipal services will have to be 
developed to accommodate the rising urban population, at present they are overbur
dened and water has to be rationed. A small number of urban inhabitants have 
resorted to the unconventional option of installing a wind pump in their patio or 
backyard to exploit the ground water on their plots. The composition of the popula
tion does not deviate significantly from the national norm as regards gender or age. 
Possibly, the population might be aging slightly more rapidly than elsewhere but for 
the individual end-user age need not be a factor. The majority of potentialend-users 
in this region are small rural landowners that have a low to medium income. An 
investment in a wind pump is a serious financlal consideration. Despite a small 
migratory tendency towards Bogotá, the overall population has remained stable. 

In La Guajira, the population density is approximately 12 inhabitants /km2
• The 

actual population density is of no concern to the individual decision to purebase a 
product. Between 40,000 and 80,000 inhabitants are indigenous Wayuu (approximately 
between 15% - 35% of the population), but this fact does not deny the Wayuu or 
Alijuna (non-Wayuu) individual a purchasing option on a wind pump. The problem 
however is that the traditional Wayuu have no souree of income and are dependent 
on external financing for the acquisition of wind pumps. The population growth is 
stabie in La Guajira. 

In Casanare, the population density is extremely low at 2.5 inhabitants/km2
• The 

inhabitant of the region should therefore be aware that municipal and governmental 
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services will be next to non-existent outside the regional centers. The inhabitant must 
therefore be self-sufficient in meeting bis own needs. The prospective economie 
development as a result of recent oil finds have attracted younger migrators. The 
region will grow steadily and therefore increasing government services can be 
expected, although to a limited local degree. 

7 .2.2 The Location. 

The distances to markets, services and other centers are important variables which 
determine not only whether a pumping system will be purchased but which pumping 
system is worth buying. 

In La Guajira, the only two reasonably-sized urban centers are Rioacha, the capital, 
and Maicao, located near the Venezuelan border. In Maicao, there is a broader 
supply of products because of the rampant smuggling activities from both sides across 
border. Many spare parts can also be obtained bere. Rioacha, the Departmental 
capitalis more of a service center. Government branches of the National Institute for 
Agriculture and Parming (ICA) and the National Service for Apprenticeship (SENA), 
as well as the private maintenance company, Proagua, set up by the Pesenca program, 
are located in Rioacha. There are no wind pump manufacturers located in La 
Guajira, but there is a Jober distributor in Rioacha, who also instalis and performs 
maintenance services on other wind pumps. 

In Casanare, there are only three larger more important urban centers, Y opal, Manf 
and Aguazul. Y opal is the capital of Casanare but it is still in a growing phase and 
does not offer many products or services related to the water pumping sector. At 
most, there is the local manufacturer Talleres Holanda. Aguazul is a smaller town 
which guards the entrance to Casanare from Boyacá. There is a Jober distributor but 
he performs neither instanation nor maintenance services. Mam, which is called the 
cattie farming capital of Casanare, is the farthest outpost of water pumping related 
supplies in Casanare. There is a Jober distributor who sells and performs all these 
kinds of activities ranging from weU-drilling to maintenance. There is only a limited 
sale of diesel and motor pumps and corresponding spare parts. A larger selection of 
pumps can be purchased in Boyacá or Bogotá. The only paved road in Casanare is 
the one between Y opal and Aguazul. The road which comes down the Cordillera 
from Boyacá and enters Aguazul bas only been paved since 1993. Previously, it was 
frequently impassable during the rainy season. In the interlor of Casanare, the more 
common mode of transport is by boat or on horseback 

In Boyacá, there are a number of population concentrations which can be considered 
intermediate urban centers. All kinds of pumping systems and spare parts can be 
obtained. Increasing urbanization bas also fomented the availability of more kinds of 
services. Furthermore, there is easy access to Boyacá from Bogotá. In the wind pump 
field, there is the Jober manufacturer located at Duitama who provides instanation 
and maintenance. Just recently, the local university of Boyacá bas started its own 
tentative wind pump program. Courses on wind energy and wind pumping have 
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already been given as part of a curriculum. 

7 .2.3 The Dispers ion. 

The demographical dispersion factor includes the variables: settiement patterns, 
popwation distribution and migration. These are community-related variables which 
influence the end-user personally. 

In La Guajira, there are two striking trends taking place. There is a seasonal migra
tion towards the towns by indigenous Wayuu, and a number of Wayuu communities 
are giving up their semi-nomadie existence and setding down in permanent settle
ments. The first trend occurs in the dry season when the Wayuu try to bridge the 
elirnatic hardsbips by looking for employment in the towns. The living conditions in 
the towns are more agreeable; in Rioacha for example an aqueduct system is under 
construction while water trucks secure a general supply of water. These seasonal 
urban citizens are in the long run more inclined to settie permanently and therefore 
are less likely to be potential wind pump buyers. Permanent Wayuu communities on 
the other hand are dependent on proximate water sources. The wind pump could 
provide a reliable new souree of water. Traditional Wayuu settie in semi-permanent 
communities of six or seven houses which are called rancherfas. The houses are 
located at some distances from each other because it is more practical for tending 
one's own cattle. For those indigenous communities that still adhere to traditional 
migratory patterns, the scattered instalment of wind pumps would also be very much 
welcome. The result might even be that these communities settie more or less 
permanently in the propinquity of a wind pump. Ultimately, the reason for the 
Wayuu's semi-nomadie existence sterns from their constant search for water and new 
grazing grounds for their cattle. 

In Casanare, there are a few small regional urban centers while the large tracts of 
land in the interlor belong to large cattie ranch landowners. The landowners generally 
reside in the larger urban centers, either in Casanare, Boyacá or even as far as 
Bogotá, while they have managers taking care of the cattie and the land. There is 
hence no dornestic incentive for water pumping. The landowners however want to 
optimally utilize the grazing grounds on their land for the cattle. Because not all 
fincas are endowed with surface water sources, strategically located wind pumps could 
provide water to the roaming cattle. Many plots of land are so large that it takes half 
a day to guide cattie from one end to the other; another possible incentive for the 
acquisition of wind pumps. 

In Boyacá, there are numerous urban centers while rural areas are occupied by small 
landowners cultivating crops or ranching cattle. The landowners generally reside on 
their property. Consequently, wind pumps would have a multi-purpose potential, 
catering to dornestic needs, cattie consumption and erop irrigation. The migration 
towards towns and cities could have two effects on the behavior of rural farmers. Less 
rural Iabour could prompt the acquisition of labour-saving equipment which would 
include wind pumps. On the other hand, the pull factor of the cities might diminish 
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the incentive to develop rural areas. 

7.3 The Infrastructurai/Political Cluster. 

This cluster encompasses infrastructural and politica! factors. The absence of either a 
developed infrastructure or coherent politica! policies regarding wind pump use do 
not necessarily reduce the attractiveness of wind pump acquisition. 

7 .3.1 The Infrastructure. 

The infrastructure factor denotes the variables transportation and communication on 
the one hand and the availability of technica! and credit assistance on the other. 
Transportation and communication infrastructure are grossly underdeveloped in La 
Guajira but this is of littie interest to the semi-nomadie Wayuu who have traditionally 
been self-sufficient. The only problem it creates for the wind pump using community 
is the difficulty in acquiring maintenance services. Usually, a defective wind pump is 
abandoned, seemingly without even an attempt to contact the maintenance expertise 
of Proagua for example. Technica! assistance however is available by this company. 
Credit assistance is next to impossible to obtain for the Wayuu individual without a 
souree of income. Only as a community can the Wayuu hope for the occasional 
altruistic financing of improved living conditions which includes the donation of wind 
pumps. 

Transportation and communication to and from as well as within Casanare is also 
fragmented and generally speaking underdeveloped. The landowners are aware of 
their predicament and have adapted their cattie ranching to be as self-sufficient as 
possible. On the fincas, equitation is the most common form of transport. Strategically 
located wind pumps prove to be more practical than the use of a diesel or motor 
pump because the latter have to be constantly transferred from one grazing location 
to another on horseback. The only problem associated with the lack of infrastructure 
would be the initial installation, and contacting the expertise for maintenance services. 
Fortunately, the manufacturer Jober, which monopolizes the market in the region, 
includes installation as part of their sales package and up to now offers maintenance 
free of charge. Contacting them for maintenance jobs should not be a problem for the 
dedicated cattie rancher who frequentiy consults his mayor domo and resides in a 
large urban center from whence it is easier to contact Jober. From the limited end
user survey, it also appears that the self-sufficient cattie rancher in the isolated 
interlor of Casanare is also generally more familiar with the equipment on his finca. 
Many of the small maintenance problems the landowner and his estate manager will 
resolve themselves. One of the end-users surveyed boasted that he made certain small 
improvements to the wind pump which were subsequentiy adopted by the manufac
turer Jober. The large landowners are for the most part financially well off and 
therefore do not need credit assistance for the purebase of a wind pump. Ironically 
thus, the lack of a coherent infrastructure in this region is in a way an incentive for 
purchasing a wind pump. 
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In Boyacá, the transportation and communication infrastructure is more developed 
than in the other two regions. The possible advantage to a potential end-user is the 
fact that it guarantees the importance of the Department as an agriculturally produc
ing region. Agricultural products can be transported quickly and efficientiy to the 
large consumer and distribution center Bogotá. Technica! assistance is also available 
as mentioned in section 7.2, because the manufacturer Jober is located in the 
Department In this region, the availability of credit assistance to the low and middle 
income farmer would stimulate the purebase of alternative pumping technologies. 
Unfortunately, no such aid is offered by the government, not even within such 
programmes as land reclamation and other agriculture supporting projects. 

7 .3.2 The Policies and Laws. 

The policies and laws affecting the individual end-user can be divided into those 
concerning resource use, those with regard to land tenure and reform and those with 
respect to agricultural development. 

In La Guajira, government policies with regard to resource use are embodied in the 
Pesenca programme and in the exploitation of the coal mines at El Cerrejón. The 
Pesenca programme has among others renewed interest in wind pumping prospects 
which had effectively been absent since the military rule when General Rojas-Pinilla 
authorized the importation and instanation of wind pumps in this region. The most 
important result for the individual end-user was the set-up of the professional 
maintenance service Proagua. Unfortunately, it has been mmored that the company is 
bankropt and consequentiy its future is uncertain. The coal mining activities at El 
Cerrejon are important to the country's trade balance and therefore concentrated 
efforts are being made to facilitate exploitation by for example improving the 
infrastructure. The expansion of the electricity grid could make other pumping 
possibilities such as the electric pump attractive to more permanentiy settied potential 
end-users. With regard to land tenure and land reform, there are no specific policies 
which apply to this region. The Wayuu are free to migrate intheupper regionsof La 
Guajira because there are no claims on the land. The government has not authorized 
any specific policies with regard to agricultural development primarily because the 
large arid and infertile areas are considered potentially unproductive agriculturally. 

In Casanare, recent government interest in the region has been spurred by the oil 
finds at the Cusiana oil fields. The infrastructural development in order exploit this 
souree of revenue is limited to the Cordillera where the drilling takes place. The 
affect on infrastructural development in the interlor seems uncertain. Land tenure 
and land reform in this region had a large influence on settiement patterns in this 
region in the 60s. The gradual population growth and increasing claims on land 
necessitated the tracing out and fencing off of property boundaries. Previously, cattie 
herds betonging to different ranchers were allowed to graze together. Cattie owners
hip was distinguished by branding. The advantage of free roaming was the general 
access to available surface water sources. The result of demarcating boundaries was 
that some land tracts were denied surface water sources. The demarcations are more 
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amenable to the acquisition of groundwater pumping systems. Spedfic agricultural 
development bas not been promoted by polides or laws in this region. 

In Boyacá, there have been no significant polides on smali-scale resource use or on 
land tenure and reform. The government does promote the large scale expansion and 
subsidy of the rural electridty network which undermines the use of wind pumps in 
the long run. The government also tries to stimulate agricultural development but a 
coherent policy is not evident. A notabie initiative was the government's policy 
regarding land reclamation by means of irrigation, drainage and flood control which 
was contained in the National Development Plan 83-86. The policy focussed on the 
improvement of existing irrigation districts and the exploitation of new lands with high 
productive potential through the joint effort of private and government institutions. 
The operationalization viz. realization of these plans are difficult to ascertain in the 
case of Boyacá. 

7 .3.3 The Government. 

The effectiveness and attitudes of the government are partially reflected in their 
polides or in many cases the lack thereof. The government apparently bas different 
attitudes with regard to each of the three different regions in the country. 

In La Guajira, the effectiveness of the government is low, particularly among many 
Wayuu, who still proudly adhere totheir traditional way of life. The government bas 
been a willing and generous donor of wind pumps but the lack of follow-up mainten
ance erodes the government credibility as a technology promoter. 

Until recently, the government bas not meddled in the development of Casanare. The 
region was sparsely populated, had little agricultural and therefore economie potential 
and the guerilla limited the effectiveness. With regard to this region the government 
bas a laissez-faire attitude that borders on the uninterested. Promotion of technology 
alternatives for the inhabitants are not even a consideration. 

Boyacá, because of its proximity to Bogotá, is a Department which lies well within the 
government's scope of influence. The important agricultural sector also helps orient 
the government's concern for this area. Their agricultural polides however reflect a 
government without access to hardware or software (see Reddy's classification in 
section 2.3). In other words, the government doesnotseem to have information about 
alternative developments and successful implementation polides and programmes 
elsewhere. Their policy with respect to the expansion of the rural electridty grid 
makes it furthermore a cost-blind price-fixer which provides large subsidies so that 
the consumers don't feel the pinch and are simultaneously less inclined to implement 
other energy-based technologies. 

7.3.4 Aid. 

The factor aid, represented by the variables quantity /form and coordination, have 
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been geared towards wind pump users in only a limited degree. In La Guajira, there 
bas been a coordinated effort to provide government financed wind pump instanation 
and maintenance for end-users. In all other regions, the end-users must purebase the 
technology with their own accumulated funds and rely on maintenance by manufac
turers. The 1993 global wind pump study by the Dutch Government showed signs of 
pursuing a new approach to stimulating the market for wind pumps by exploring the 
possibility of supporting potential end-users as well as dornestic manufacturers. As of 
yet, there bas been no follow-up of this initiative. 

7.4 The Economie Cluster. 

Economic-related factors can be divided into meso- and macro-economie aspects. To 
the potential end-user the latter are of much lesser importance. The various economie 
aspects are grouped according to: prices; marketing; employment/wages; and trade. 
As in the case of the manufacturer, it is difficult to assess the personal financlal 
situation of the interviewed (potential) end-users because it is privileged information 
that is not readily divulged. Furthermore, in each region (potential) end-users could 
belong to a broad income range. 

7 .4.1 Prices. 

For the potential end-user the most important price variables are wind pump sales 
prices and other corresponding services. In the second place, the end-user is also 
interested in prices for other pumping systems. 

In La Guajira, the available price options in dollars are tabled as follows: 

Pumping Ex factory Ins tallation Mainten- Sondeo Well-drill-
System ance ing 

Jober 2,250 190 0 

Gaviotas 660 - -
(MV2E) 

lndussierra 2,125 - 625 approx. 6,000 
(gearbox) 

Fiasa 8,750 625 -

Gas/Diesel 450- - -

Electric ? - -
able 7.1. Pnce ran es for wmd g urn p p related services m La Gua ua. J 
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In the other two regions, the price options are as follows: 

Pumping Ex factory Instanation Mainten- Sondeo Well-drill-
System ance ing 

Jober 1,000 - 2,250 0 

Gaviotas 660 - -
(MV2E) 

Indussierra 525- 2,125 40 

Talleres 500- 0 
Holanda 500 400- 1,000 

Manantial 1, 750 - 2,500 ? 

Gas/Diesel 450- - -
Electric ? ? ? 
a bie 7 :1.. Pnce ran es tor wmd g urn p p related servlees m Ho acá and Casanare. y 

The information about costs and water outputs Of the pumps which are operated 
provide data for estimated life cycle costs. The life cycle cost analysis calculates the 
costof water pumping in US$/m4 (head times flow) and the cost per cubic meter of 
useful water delivered. The table below gives a rough indication of typical pumping 
costs for 11 wind pumps. The data in this table was gathered from interviews done by 
interviewers contracted for the global wind pump study undertaken by the Dutch 
Government. The main analysis was carried out for the cost of the installed water 
pump and any associated water storage, but excluding well or borehole costs because 
this was assumed to be the same for all types of pumps. The net present value of 
recurrent costs over 20 years, including the value of water, was calculated to yield the 
data in table 7.3. 

WmdPump Water Excl. WellfBorehole Incl. 
Depth (m) 

Cost tt/m4 Cost tt/m3 
Weii/Boreh. 
Cost tt/m4 

1 st Gen. Muit. 30 2.0 - 5.0 50- 150 3.0 - 6.0 

Jober 4-5 3.5- 5.0 18-20 4.0 - 6.0 
10 6.0 60 6.5- 7.5 
30 1.5 45 2.0 - 2.5 

Gaviotas 5 14-24 70- 120 16-27 
10 5 50 8- 10 

a bie 1 .3. ·1 yp1ca pumpmg costs With Wind pumps m u~ cents [9]. 
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The results from two electtic pumps and five gasoline engine pumps were also 
processed. The pumping costs were under 2.0 US cents/m4 for electtic pumps and in 
the range of 1.0 to 20.0 US cents/m4 for the gasoline pumps. Electtic pumps can be 
installed in Boyacá and those limited areas of La Guajira that have access to 
electricity. Gasoline and diesel pumps are more suitable in Boyacá and Casanare 
where the groundwater is found nearer the surface. This type of water pump demands 
daily fuel and Iabour costs. An end-user surveyed estimated that it costs US $1.25 a 
day in fuel and US $3.75 in Iabour costs. Maintenance requirements arealso cited as 
more frequent as compared to wind and electtic pumps. The lifetime is apparentiy 
also significantiy shorter. 

In La Guajira, the price factor reflected by the pumping cost economics is sufficient 
for end-user consideration. Water use is generally intended for dornestic purposes, 
and that intended for cattie consumption and erop cultivation is supposed to ultimate
ly benefit the end-user as well. 

In Boyacá, the agriculturally-related price variables are also a consideration. However, 
to examine the price aspects of all the agricultural yields common to the region would 
be beyond the scope of this study. 

In Casanare, the typical potential pump user has a large finca with a large herd of 
cattie and therefore all related price variables are important. The price of land in 
Casanare is between US $125 and $250 per hectare. The common zebu cow costs US 
$250 a head. The yield on a zebu cow ready for slaughter is on average approximately 
US $1000. The prudenee of installing some kind of pumping system, as opposed to 
the man-made water reservoirs, if it spares the lives of cattie will be reflected in the 
profit figures. Labour costs are limited to an estate manager and a couple of cattie 
herders. Labour costs are usually not much more than minimum wage which is 
approximately US $3.00 a day. 

7 .4.2 Marketing. 

This factor explores the different marketing variables used by the manufacturer and 
assesses their effectiveness vis a vis the potential end-user. The variables concemed 
are: the use of intermediaries; the intervention of govemment bodies; and general 
advertising and promotion. 

The effectiveness of intermediaties depend on the intermediating individual in many 
cases. Jober, which actively utilizes intermediaries, has particularly benefitted from 
their enthusiastic distributors in Villavicencio and Mani. Their distributor in Villavi
cencio has opened up the market for Jober productsin Meta while their distributor in 
Mani has helped secure their market in the interlor of Casanare. In the latter case, 
the fact that the intermediary is a respected memher of the community and well
known in the region helps the cause. In La Guajira however, the presence of a Jober 
distributor has not yet been able to sway market demand. Despite his efforts, the 
municipality chose to purebase 30 Fiasa wind pumps from a distributor based in Cali. 
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Government intervention on behalf of the dissemination of wind pumps bas solely 
taken place in La Guajira. Potential end-users in the region have not necessarily been 
stimulated to purebase wind pumps by the gesture of these actions. 

Promotion and advertising in general by the manufacturers bas been poor and 
ineffective. Many potential end-users in Casanare are unaware of the existence of this 
pumping technology, let alone the advantages it bears. Many wind pump users were 
brought to the attention of the technology through referrals by neighbors. Advertising 
in the Y ellow Pages or promotion in local fairs generally does not yield many new 
clients. In Boyacá many agriculturalists are unaware of the wind pump prospects in 
the cultivation of crops by irrigation. This is due to the complete disregard for active 
promotionary activities; passive attempts in the local Y ellow Pages will not erase the 
ignorance of potential end-users. Many current wind pump users became acquainted 
with the technology by observing their operation on other fincas. 

7.4.3 Employment. 

The factor employment consists of the purely macro-economie variables wages in the 
agricultural sector, in the industrial sector and the services sector. The end-users are 
not very concerned with these variables. At best, the finca owners who run either an 
agricultural or cattie ranch business in Boyacá or Casanare are interested in the trend 
of wages in the agricultural sector. A disproportional increase in wages would provide 
an extra incentive to mechanize production and yield. 

7 .4.4 Trade. 

The factor trade also encompasses macro-economie variables that are of little concern 
to the end-user. At best, the lower trade harriers have lowered sales prices of foreign 
pumping alternatives which might therefore make them more attractive than locally
manufactured wind pumps. 

7.5 The Cultural Cluster. 

The cultural cluster is composed of socio-cultural and psycho-cultural factors. They 
are all influential to a greater or lesser degree in the eventual decision to purebase a 
wind pump. 

7.5.1 The Social Structure. 

The social structure variables are: status and mobility; authority and power relations; 
strains and conflicts; and decision-making and participation. In the three different 
regions under investigation, there are marked differences in the social structure of the 
potential end-users of wind pumps. 
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In Casanare the potential end-users, which are the large landowners, enjoy prominent 
regional status and are quite mobile seeing as to how they tend to live in the larger 
urban centers. This gives them a certain amount of authority and access to local 
power relations. If these potential end-users are positively inclined towards wind 
pumps, their dissemination will be accelerated. The large landowners are however 
alluring victims of extortion by guerilla and robbery by common thieves. This bas two 
opposing consequences for wind pump technology. On the one hand, these security 
problems form obstacles to investment on the fincas. On the other hand, this concern 
is more justifiable for a portable diesel or gasoline pump than a wind pump. The 
former are more desirabie to the common thief than a heavy, anchored wind pump. 
These cattie ranchers generally mind their own affairs and despite their status, 
mobility and authority, they do not partake in any cooperation with for example 
govemment agencies and such. 

In Boyacá, the rural agriculturalists and small landowners do not enjoy the individual 
status, mobility and authority that their larger colleagues do in Casanare. The 
importance of the agricultural sector as a whole in this region does induce the 
govemment to at least lend an ear to their concerns. 

In la Guajira, there are both small and intermediate finca bolders that wield more 
individual power and influence than as a whole. More importantly, the indigenous 
Wayuu have little status, authority or power relations within the "civilized" social 
strata. Conversely, their dependency on outside affairs is minimal and many Wayuu 
still strive towards a self-sufficient existence. Nevertheless, an increasing 
interdependency is resulting between the Wayuu and the Alijuna due to the gradual 
development of the region. Seasonal Wayuu Iabour is for example an established 
phenomenon. There is frequently however an air of intolerance and discrimination 
against the traditional Wayuu. The Wayuu still have their own tongue and many don't 
speak the Spanish language. They are sometimes shunned from the decision-making 
process regarding issues affecting them. When necessary, the participation and 
approval of Wayuu is frequently realized by buying their identity cards and thus their 
vote. Hence, although there is an increasing interdependency between the two social 
groups, feedback from the Wayuu with regard totheir needs and wants are generally 
ignored or overlooked. The original decision to introduce wind pumps, although 
ultimately (arguably) quite successful, is a case in point. 

7 .5.2 Indigenous Organization. 

The indigenous organization incorporates such variables as: kinship; religious groups; 
voluntary association; indigenous law; and indigenous technica! knowledge. In Boyacá 
and Casanare these variables do not diverge from the national norm. The family is 
the most important kinship unit. Catholicism is the predominant religious affiliation. 
Nationallaw supersedes locallawand is recognized as such. lndigenous viz. dornestic 
technica! capabilities are acknowledged, however dornestic technology is frequently 
considered inferior to foreign technology. 

87 



Cha ter 7. 

In La Guajira the indigenous social organization of the Wayuu is quite unique and 
distinct from the national norm. The Wayuu is a matriarchal society that is divided 
into matrilineal clans. Polygamy is the preferred form of matrimony, however only the 
more wealthy community memhers are capable of multiple marriages. Wealth is 
determined by the amount of cattie one owns and the payment of cattie for a bride is 
the seal on a marriage bond. Marriage is often more than a mere family unit; it is a 
pact between different clans and families. Although a number of Christian mission
aries have penetrated the region, the Wayuu still hold onto their own traditional 
religious beliefs. According to these beliefs, they pass on to become spirits after 
death. Besides a spiritual world, their religious interpretations include a number of 
deities. Important to the wind pump issue is the fact that two of their central deities 
are Pulowi and Juyá, who are spouses, but more in the Yin and Yang sense. Pulowi, a 
woman deity, is associated with drought and the winds while Juyá, a man deity, 
personifies the rains of the Guajira, which are short but violent. Their marriage is a 
complementary relationship because in La Guajira the dry season corresponds to high 
wind regimes while the rain season is consistent with lower wind regimes. It is unclear 
what effect the introduetion of wind pumps bas had on these beliefs now that water is 
available during the periods of Pulowi. Indigenous law in the Wayuu society super
sedes nationallaw. Justiceis informal and private. Law and order is maintained partly 
by each's personal desire to obtain respect within the customs and obligations of the 
community. The indigenous technica! knowledge of the Wayuu with regard to wind 
pumps is minimal. The SENA bas set up a project within the Pesenca programme to 
train indigenous Wayuu for maintenance services of wind pumps. Those Wayuu that 
participate in this programme however, generally come from the permanent Wayuu 
settlements. 

7.5.3 Land. 

The variables in this context are: customary rights; land disputes; and landlord-tenant 
relationships. In Casanare and Boyacá, custom dictates that the property stays within 
the family of the deceased landowner. This is important to realize because it probably 
means that the landowner will make efforts to develop the land and the income
generating activity - being either the cultivation of crops or the ranching of cattie -
knowing that the fruits will be reaped by the family. In Casanare, there is also the 
aspect of landlord-estate manager relationship. The large landowner often resides 
elsewhere and therefore relies heavily on the mayor domo. A good relationship with 
the mayor domo can motivate him to increase profits for the estate. The manager is 
also the one who from a practical point of view can make recommendations about 
estate improvements, such as the acquisition of wind pumps. Resolving small mainten
ance problems and performing preventive maintenance can give the landowner 
confidence in the wind pump product. Land disputes are uncommon as far as the 
survey was able to ascertain. 

Among the Wayuu in La Guajira, it bas not been ascertained whether customary 
rights to land and land disputes create problems. The Wayuu don't seem to make any 
permanent claims to the land and the rigid social structure appears to regulate 
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customary rights. Similarly, landlord-tenant relationships also do not exist. 

7.5.4 The Household. 

The household factor includes the variables division of Iabour, religion and contacts. 
The aspect religion bas already been covered in section 7.5.2. In rural areas of 
Colombia, the traditional division of Iabour, with the woman taking care of dornestic 
chores and the man doing the farming work, is still predominant. The large Jand
owner who does not reside on bis finca does not have to take this variabie into 
consideration. The household that does live on the property will also welcome a water 
supply for dornestic needs. The woman especially will have to plead for this amenity 
but might not have the persuasion on an old-fashioned domineering macho husband. 
Obviously, this is an exaggeration of actual traditional households. Contacts are 
important in both Casanare and Boyacá because they are reliable sourees of informa
tion. Advertising by word of mouth bas proven to be the most successful promotion of 
Jober wind pumps in these areas. 

In the society of the Wayuu, the family unit is the basis of economie stability. Each 
woman, even in a polygamous partnership, bas her own house. The busband usually 
lives with bis last matrimonia! partner but still frequents bis other wives. The woman 
generally occupies herself with the upbringing of the children and household-related 
chores while the man tends the cattle. The importance of contacts are based on 
matrimonia! pacts and blood relationships. There is a very latent hostile relationship 
between the Wayuu families. Fights and altercations are often settled violently. It is 
unclear whether a wind pump system set up for common benefit is also a souree of 
feuding. It seems however from the detached settiement patterns of the rancherlas 
that ownership of property (besides the land) is guarded suspiciously. 

7.5.5 Management. 

Managerial capacities and skills of end-users are personal characteristics that do not 
have a solid basis for generalization. It is worth mentioning that the installation of 
wind pumps is hardly a burden on organizational and logistical considerations, as 
opposed to a diesel or gasoline pump. 

7 .5.6 Knowledge. 

Most of the end-users in the regions Casanare and Boyacá have either inherited or 
built up their estate activities through experience and entrepreneurship. In La 
Guajira, the Wayuu communities have similarly had little forma! education. They 
have survived through resourcefulness, adapting to the conditions of the land. Educa
tion is simply not an important factor in making the decision to purebase a wind 
pump; common sense is. 
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7.5.7 Personal Aspects. 

By personal aspects is meant: needs and wants; expectations and aspirations; prefer
ences; and perception and ideology. Although these are often individual factors, some 
cautious generalizations can be made based on cultural tendencies. 

In Casanare, the typical end-user i.e. the large landowner, generally wants to increase 
the profits of his cattie business. He wants to cut losses by reducing cattie deaths in 
the drought season. He furthermore would like to see the security problem with 
respect to guerilla activity resolved. He also prefers the autonomy of his industry 
without much extemal meddling from the govemment. All these stereotypical aspects 
are amenable to the acquisition of wind pumps. He however does not have a larger 
ideology with regard to the wind pump sector. Self-sufficiency and independency are 
the characteristics of the prosperous cattie rancher. 

In Boyacá the industrious agriculturalist and small cattie rancher would like to 
increase output and improve living conditions. The general preferenee is to be able to 
benefit from functioning municipal services, i.e. the water aqueduct and the electricity 
grid. The expectations of this happening are pessimistic. Serious rationing of water 
and electricity are ill-boding for future prospects. The general perception of the wind 
pump is that it is a "primitive" technology which is nevertheless aesthetically pleasing 
to the eye. There is a general naivete with regard to its functioning capabilities and 
advantages. 

The indigenous Wayuu in La Guajira are most likely afflicted with a general uncer
tainty with regard to their future. Some are trying to hold on to their traditional form 
of existence while others are giving up this existence for urban or more settied life. 
Howbeit, there is still the basic need for water and in this respect the wind pump is 
an amenable option. How the wind pump anomaly affects the cultural beliefs, values 
and attitudes of the Wayuu is uncertain but it should be noted that the machines dot 
the landscape for nearly 40 years. 

7 .5.8 Attitudes. 

The general attitudes of the end-users are an extension of their personal preferences 
and ideology. They include the variables: innovation and change; cooperation and 
participation; and the govemment. 

In Casanare, the landowner by and large wants to maintain the status quo. Innovation 
and change are certainly not priorities for his ranching activities. The rancher is 
basically self-sufficient and independent, preferring neither to cooperate or participate 
in any joint activities with other partners or the govemment. The govemment is 
regarded suspiciously and unreliable. For many of the politically liberal inhabitants of 
Casanare, the post 1948 events have left a lasting impression. 

In Boyacá the attitudes towards the three variables are mixed. Innovation and change 
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is welcome if it promises to improve the living standards. The development of urban 
centers foments cooperation in the exchange of services, and participation in com
munity activities. A more involved attitude towards the government is required by the 
citizens of Boyacá because of the proximity and interdependency with Bogotá. 

In La Guajira the uncertain future of the traditional Wayuu communities reflects in 
their attitudes. On the one hand, there is resistance to change as they hold fast to 
their language, customs and traditions but on the other hand they have become more 
economically and politically dependent on the Alijuna society. There appears to be a 
certain amount of suspicion towards cooperation and participation with outsiders as 
well as the government. This could stem from the intolerance frequently shown 
towards them. 
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In chapters 6 and 7, the considerations of the wind pump manufacturers and wind 
pump end-users were analyzed respectively for three different regions in Colombia on 
the basis of a list of factors. These factors are arranged in a model presented in 
chapter 2 which attempts to determine whether the circumstances are amenable to 
the dissemination of wind pump technology from manufacturer to end-user. The 
credibility of this model however, is based on two aspects: the value of the informa
tion; and the proper assessment of the model variables. By value of the information is 
meant the validity and the legitimacy for generalization. The proper assessment of the 
variables can then be realized only if the information is correctly operationalized. 

8.1 The Investigation. 

The information relevant to the investigation was basically obtained in two manners: 
through printed material; and through various forms of interlocution with persons in 
some way associated with the wind pump sector. In general, the subjectivity of written 
documentation is more easily detected and therefore the validity of the information 
can be more easily appraised. Oral information on the other hand, is often exaggera
ted, coloured by prejudice, incomplete, misleading, vague, etc. During the numerous 
dialogues with manufacturers, end-users, government officials, etc., these incertitudes 
were unavoidably and recurrently evident. The information essence was extracted as 
best as possible by observation and, rechecking and cross-cheeicing the different 
sources. Most dialogues were furthermore structured according to a questionnaire set
up. 

Interviews were done with all the locally-based present and prospective manufac
turers. In the case of Gaviotas, El Manantial and Talleres Holanda, either access or 
the opportunity was denied to visit the workshop viz. factory. In the case of Gaviotas, 
their high profile and close contacts with the Universidad de los Andes provided 
ample sourees of second hand information regarding their production facility. The 
other two more recently established and locally-oriented manufacturers are less well
known and none of their products were seen operational. Consequently, the informa
tion they provided had to be taken at face value. None of the manufacturers were 
keen about divulging financlal information or rnaicing manifest administrative and/ or 
sales records. The sales figures quoted could therefore not be corroborated and may 
be exaggerated. In the case of Gaviotas for example, it had been insinuated that 
between 7000 and 8000 MV2Es had been sold since initial production. However, 
upon a reconnaissance trip to La Guajira an MV2E wind pump installed 3 months 
earlier had the serlal number "4008". This apparent discrepancy was never resolved. 

Interviews were done with end-users and potential end-users in the Departments 
Cundinamarca, Casanare, Boyacá and La Guajira. A number of common restrictions 
associated with end-user interviews pertained to the mobility. In the first place, the 
Colombian surface area exceeds 1 million square kilometers whereby it was obvious 
beforehand that any investigation had to be limited to a few regions. And even those 
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regions visited could not be fully investigated because of the lack of financial 
resources and transportation. Furthermore, due to the precarious situation in some 
areas it was prudent to be accompanied by a local resident. The obvious choice for an 
escort was someone involved in the wind pump sector, but this involved unique 
irregularities. The end-user surveys also had specific limitations inherent to each 
region. In La Guajira, the majority of Wayuu end-users spoke only their indigenous 
tongue and hence an interpreter was needed. It goes without saying that some 
information, let alone the subtieties, will be lost in a translation. End-users from 
Casanare were located at their urban residences which denied the opportunity to view 
the wind pump and verify their information. In Boyacá and Casanare, the escort was 
either one of the Jober brothers and their presence would obviously have influenced 
the response of the Joberend-users toa substantial degree. 

Interviews with government officials and institutional employees were often formal 
and their oral information could frequentiy be supported by documentation. Wind 
pump authorities affiliated to the Universidad de los Andes could he approached 
more personally because of mutual acquaintanceship. The information provided was 
generally more nuanced and prejudices were more easily recognizable because of 
familiarity with the circumstances. 

8.2 Generalizations. 

During the course of the report two crudal generalizations have been taken for 
granted without being clarified properly. The first generalization is at the Depart
mental level, whereby a stereotype user has been sketched for each Department The 
second generalization is implicit in the titie of the report; the results of the investiga
tion are assumed to be extrapolatable for the entire country. 

The stereotypical end-user profiles in each Department is primarily based on the 
information accumulated through manufacturer and end-user interviews. This by no 
means suggests that the end-user surveys have a statistica! basis. On the contrary, it is 
purely indicative and it is supported by the results of the study undertaken by the 
Dutch Government. In the case of La Guajira, it is important to note that special 
emphasis was placed on the indigenous Wayuu society because of their uniqueness 
but also because of their importance to the wind pump industry. There is another 
70% of the population of La Guajira which does not belong to this group. 

The second generalization, which concerns the applicability of the investigated 
dissemination process to the entire Colombian context, demands a more nuanced 
approach. The dissemination process associated with Casanare can be expanded to 
incorporate the whole Bastem Plains' region, which includes the Departments Arauca, 
Vichada and Meta. In the first place, the settiement patterns are basically similar 
across the region; wealthy cattie ranchers occupy large tracts of land and there are 
interspersedly situated small communities throughout. In the second place, all the 
manufacturers, besides Talleres Holanda, orient their product towards the entire 
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region. Each Department in los llanos does have its distinct features however, which 
affect the dissemination process differently. Meta for example is more developed 
economically because of bistorical and possibly geographical (proximity to Bogotá) 
reasons. Vichada is much less densely populated and situated further from the 
Cordillera and Bogotá. Arauca has been plagued by guerilla activity and also has an 
extensive border with Venezuela, which by the way is also true for Vichada. 

The dissemination process associated with Boyacá is not a profile that can be 
automatically assumed for the three Cordillera regions. lt is true that the small farm 
ownership predominates the Cordilleras, but there are also important exceptions such 
as in the coffee-growing Departments of Caldas, Riseralda, etc. There are certainly 
essential dilierences with regard to government influence and manufacturer orienta
tion. Politica! effectiveness seems to be considerably less on the other side of the Rio 
Magdalena, in the regions of the Western and Central Cordillera. There are two large 
urban centers, Ca1i and Medellin, the latter arguably being economically and indus
trially more developed than Bogotá and at one time also aspiring regionat autonomy. 
The southern areas of these Cordilleras are effectively under the control of the drug 
cartels and the guerilla. Similarly, in the northern sections of the Bastem Cordillera, 
the guerilla are quite active. The manufacturers discussed in this report are hardly 
oriented towards the regions in the Western and Central Cordillera. Gaviotas has sold 
an unknown, but presumably small amount of MV2Es while Jober is only beginning 
to penetrate this region, having only recently arranged a distributor in Cali. lndussier
ra is known to have some rustomers in the southwestern Department of Narifio. It is 
unknown how successful the Fiasa distributor in Cali is. 

As mentioned above, the Wayuu end-users are a unique clientele for the manufac
turers. Furthermore, the extreme elirnatic conditions are common only to this area. 
Although, in general terms La Guajira is often associated with the Caribbean coastal 
region, the dissemination process can not be generalized in the same way. For every 
"clusteral" aspect, it is distinct from the rest of the coastal region. In certain respects, 
the circumstances in the los llanos are more representative of the situation in the 
coastal areas. 

8.3 The Model. 

This model was conceived for general application to any arbitrary energy technology. 
It essentially structures data according to a number categories, i.e. entities. The 
entities receive an a priori evaluation as to their suspected importance to the dissemi
nation process. Thereafter, on the basis of the investigation, the perceived influences 
of these entities are assessed so that conclusions can be drawn as to the liklihood of 
successful technology dissemination. The ultimate criterium is that all the cluster 
entities must be positively inclined in order for the technology to be marketabie by a 
manufacturer and/or purchasable by a end-user. 

In the physical/ ecological cluster lies the technological aspect of the model. The 
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technology must adapt itself to and more importantly make use of the prevailing 
environmental conditions. This model takes into account the effect on and the effect 
of the environment. In the case of the wind pump, the elimate and hydrology are 
determining factors. The geographicalj demograp bi cal cluster provides the physical 
marketing context within which the technology tries to establish itself. The wind pump 
is a technology only suited for particular settiement patterns. The infrastructuraljpoli
tical cluster embodies the factors which either create or remove harriers to the 
marketability of the technology. The wind pump has been both positively and 
adversely affected in this respect. The economie cluster represents the marketing 
economics of the technology. In the case of the wind pump, it must compete with 
other technologies. The cultural cluster provides the personal and psychological 
willingness to provide and accept a technology. It is subjective and sometimes chronic. 

The limitations of this model are basically twofold. In the first place, the a priori 
evaluation of subvariables, variables, factors, subclusters and clusters in this model 
denies cross-entity dependendes and relationships. Settiement patterns for example 
reflect cultural needs but these are not taken into consideration in this context. The 
second limitation, which is just as critical, is the subjective assessment of the lowest 
entity forms, i.e. the subvariables and variables. Whether a variabie is positively 
inclined, negatively inclined or not is left to the personal interpretation. Furthermore, 
the information hiatuses, which are inevitable when examining such a broad series of 
variables, necessitate appealing to inductive reasoning. 

8.3.1 Model Results. 

The model was applied to the two principal manufacturers of the investigation and 
the three types of potential end-users typical to the Departments Boyacá, Casanare 
and La Guajira. The results of the clusteral disposition are summarized in the table 
below. 

Clusters 

Phys./Eco. Geo./Demo. Infra./Pol. Economie Cultural 

Manufacturer De= 0.8 De= 0.7 De = 0.5 De= 0.9 De= 1.0 
Jober {1} {1} {0} {1} {1} 

Manufacturer De= 0.8 De= 0.7 De= 0.7 De= 0.75 De= 0.0 
Gaviotas {1} {1} {1} {1} {0} 

End-User De = 1.0 De= 0.7 De= 0.8 De = 0.5 De= 0.0 
Boyacá {1} {1} {1} {0} {0} 

End-User De= 0.9 De= 0.3 De= 0.6 De= 0.9 De= 1.0 
Casanare {1} {0} {1} {1} {1} 

End-User De= 0.9 De= 0.5 De = 0.9 De= 0.5 De= 0.6 
La Guajira {1} {0} {1} {0} {1} 

Table 8.1. Summ ary of cluster clis1 pos 1tton w.r.t. manufacturers and ene -users. 
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According to the model results the cluster conditions for the manufacturers are 
generally favourable to the production of wind pumps. For the manufacturer Jober 
however, the political conditions are a harrier to the dissemination process; there is 
no government support which at this tender stage of the national wind pump market 
development seems essential for long-term success. The conditions for Gaviotas are in 
every way favourable, except that intemally the company does not foresee a profitable 
future in this sector. Their own seemingly lackadaisical attitudes prevent them from 
successfully marketing their product. 

The cluster conditions of the model indicate that there are generally favourable 
circumstances to the acquisition of wind pump technology. In Boyacá however, the 
economie conditions are a significant harrier to the purebase of a wind pump by the 
typical end-user. Furthermore, the cultural aspects indicate that this technology is not 
being readily accepted by these small rural farmers. The large cattie rancher of 
Casanare is less hampered by economie viz. financial considerations and apparently 
more easily convineed of wind pumping advantages. On the other hand, the isolated 
geographical/demographical predicament, although preferred by the end-user, does 
have a negative influence on the dissemination process. In La Guajira, the geographi
cal/demographical situation and economie circumstances of the nomadie herders 
inhibit the reliability of a solid market base for the manufacturers. Furthermore, 
although the cultural cluster is positively inclined, this assessment must be taken with 
a pinch of salt. In actuality, an anthropological study would be required to determine 
more accurately the disposition of this cluster with respect to the potential Wayuu 
end-user. 

The quantification of an investigation without a solid statistica! basis is an unrealistic 
expectation. Therefore, this model must be seen as an indicative, at best qualitative 
representation of the situation. With regard to the manufacturers, it detects possible 
harriers to dissemination. With respect to the end-users, it gives a qualitative 
assessment of the situation for twical end-users. It by no means suggests that wind 
pumps could not be sold in these regions. It simply prognosticates that the market will 
not be or can not be fully exploited. 
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In this investigation, the dissemination process of wind pump technology in Colombia 
was examined. A model was presented that groups a list of variables in so-called 
factor clusters. The assessment of these variables determines the marketing potential 
of the product from manufacturer to end-user. The companies Jober and Centro Las 
Gaviotas formed the basis of the manufacturer investigation, while added perspectives 
were provided by four other existing manufacturers and two prospective manufac
turers. The Departments Boyacá, Casanare and La. Guajira formed the backdrop to 
the end-user analysis and typical end-users could be identified in each region. In 
Boyacá, the small landowning rural farmer personifies the typical end-user. In 
Casanare, the large landowner viz. cattie rancher and the smaller inland communities 
are the potential end-users. In La. Guajira, the semi-nomadie and permanentiy-settied 
indigenous Wayuu have been emphasized in the end-user analysis although there is a 
large group of small and medium-large landowners in the region as well. 

The most basic requirement for wind energy technology is the availability of suitable 
environmental resources. The marketing fortune of the wind pump product is not 
passively preordained by prevailing elirnatic conditions, but also depends on the 
technological adaptation. In Boyacá and Casanare, there is a low to medium wind 
regime which is sufficient for the operation of existing wind pumps. Groundwater 
levels can be encountered at reasonably shallow deptbs as well. The Gaviotas and 
Jober prototypes have been specifically manufactured to perform under these conditi
ons. Particularly, the light-weight MV2E, which has a low operational starting velocity 
and a shallow pumping head, is well-suited for this region. In La. Guajira, the elirnatic 
conditions are more extreme. Long periods of drought in conjunction with a high 
wind regime is foliowed by a short rain season with lower wind velocities. Groundwa
ter is encountered at generally larger depths. The Gaviotas MV2E is absolutely not 
suited to these conditions. An attempt by Gaviotas to introduce a more congenial 
model failed dismally. Jober has a gearbox prototype especially made for the La. 
Guajira and initial indications are positive. The traditional first generation design 
manifest in the imported Fiasa prototype is still the most ideally-suited to these 
conditions. 

The manufacturer to end-user linkage is largely determined by demographical factors 
such as settiement patterns and regional location. In Boyacá, the settiement pattern is 
dominated by the small rural agriculturalist with interspersedly located intermediate
sized cities and large towns. The advantages of a wind pump in this region are not so 
evident. lts utilization potential for irrigation purposes has hardly been recognized 
and there is a tendency to focus on community aqueduct development as a prospecti
ve water source. The fact of the matter however is that increasing regional urbanizati
on is overburdening the existent aqueduct system. The settiement patterns in Boyacá 
are to a certain degree representative for the three Cordillera ranges. In Casanare, 
the low population density and large individual tracts of land have resulted in 
independent land exploitation and isolated community existence. The wind pump is 
fashioned to these settiement patterns because it functions autonomously as it were. 
Nevertheless, the geographical isolation of this Department makes marketing difficult. 
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Essentially however, the only outside interference required after installation is 
maintenance. Furthermore, optimal land use for the large cattie rancher means the 
exploitation of all available grazing grounds. Surface water resources, although 
abundant, are not uniformly accessible and hence groundwater sourees must be 
tapped for the grazing cattie in certain areas. Jober has monopolized the market in 
Casanare but Gaviotas has footholds in demographically-similar Departments of the 
Bastem Plains region. In La Guajira, between 15% and 30% of the population is 
made up of the indigenous Wayuu which either live in permanent settiements or 
adhere to a traditional semi-nomadie existence. The permanent Wayuu communities 
are ideal benefactors for wind pumps and it is arguable whether upon their initia! 
interpolation they did not actuate this settiement process. The wind pumps available 
in Colombia are site-bound and not portable, which is not compatible with a nomadie 
existence. Then again, the traditional Wayuu are semi-nomadic, i.e. they settie 
temporarily in suitable locations that have access to water and acceptable grazing 
grounds for their cattie. The scattered installation of wind pumps in the region could 
act as beacons for temporary settiement and not clash with a semi-nomadie existence. 

An important part of the institutional framework is determined by political factors viz. 
the govemment's role. With the exception of Gaviotas, all the manufacturers consider 
the govemment as uninterested and lacking the insight to recognize and help promote 
the wind pump product. Gaviotas, however has benefited considerably from govem
ment assistance; approximately 30% of their sales have been realized through 
govemment intervention. The government too has profited from the publicity of 
promoting an organization with "noble ideals". In Casanare, the govemment is looked 
at apprehensively. It bas been uninterested in their plight and the inhabitants have 
had to learn to cope with their isolated predicament. Boyacá, which is situated 
adjacent to Cundinamarca, lies more within the politica! sphere of influence of 
Bogotá. The govemment's policy with regard to rate-setting formulae for rural 
electrification in this region makes it a sales-promoting regulator that undermines 
wind pump dissemination. In La Guajira, practically the only possibility for Wayuu 
end-users to obtain a wind pump is through extemal finance. The govemment bas 
done its share of wind pump financing in La Guajira but within a national context the 
govemment is more a fragmented decision-maker which promotes a technology as an 
idle initiative but not within a well-thought out national energy plan. 

One of the most important harriers to the development of the market is the lack of 
fmance. Manufacturers need more capital in order to improve their designs, reduce 
costs and sell more effectively. Potentlal purchasers, with the exception of large 
landowners, are unable to find the finance to invest in the exploitation of water 
resources. This problem is more critical for wind pumps than for the alternatives 
because of the higher capita! cost. The wind pump however, appears to be more cost 
efficient, i.e. less expensive per pumped volume of water, than the gasoline or diesel 
pump but more so than the electric pump. Por the potentialend-userin Casanare, the 
gasoline and diesel pumps are relatively even more expensive because of higher fuel 
costs and the lack of spare parts in the region. Meanwhile, the electric pump is hardly 
implementable because there is no electricity grid that extends beyond the limits of 
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the larger towns. In Boyacá, the electric pump bas definite economie advantages over 
other pumping methods because of rate adjustments for electricity in rural areas. In 
La Guajira, the electric pump does not have the same potential because there is only 
a very limited electricity network. The portable gasoline and diesel pumps might seem 
compatible to the semi-nomadie Wayuu but fuel is only available in the larger towns 
accessible by road. There was no hand pump data available and therefore a cost 
comparison with wind pumpscan not he given. A cost comparison between the Jober 
and Gaviotas MV2E wind pumps reveals that the former is more cost efficient. 
However, a choice between one of these wind pumps will not depend on an economie 
analysis but will be determined by the ensemble of other factors. The same can 
tentatively be said about the electric pump. The motive to not buy a gasoline or 
diesel pump is however, sometimes determined by cost considerations. 

The sociological and psychological conditions of both the manufacturers and end
users are often of underestimated importance. In Casanare, the potential market is 
just becoming acquainted with the wind pump technology. There is still scepticism 
and widespread ignorance concerning the existence of alternative technologies like 
the wind pump. In Boyacá, there is a more general awareness of these alternatives 
but the potential users either do not fathom the possibilities or consider the wind 
pump a primitive unreliable technology. In La Guajira, the wind pump probably bas 
had the most profound cultural effect on the Wayuu. It is one of the few non
indigenous technologies that have been adopted to a certain degree even though it 
bas probably affected their religious perception of the world as well as their way of 
living. As far as the manufacturers are concemed, the Jober brothers are very 
dedicated to their profession with a certain long-term vision. They are furthermore 
young and are continually trying to improve on their product. The Gaviotas organiza
tion bas been successful in selling its product but it bas lost a lot of credit in recent 
years because of the technica! deficiencies of the wind pump and the lack of custo
mer-oriented marketing. Gaviotas is also involved in other large-scale activities which 
are more commercially attractive. Although it is vying for the rights to design and 
market the CWD2000 wind pump, it is sceptical about the future market potential of 
wind pumps. 

In sum, the wind pump potential in Casanare is large but as of yet untapped. In 
Boyacá, the electrification of the region will eventually expel the wind pump. In La 
Guajira, the wind pump market is estimated at over 4000, but lack of institutional 
support and a coherent energy plan hampers the realization of this potential. 

The overall dissemination process in Colombia can he improved in a number of ways. 
In the first place, locally-designed machines need to be improved in order to obtain 
better reliability and cost-effectiveness. Closer cooperation between R&D institutions, 
such as the Universidad de los Andes and Universidad Nacional, and manufacturers 
could he effective in this regard. Support from specialist designers and production 
engineers would also he of assistance to the manufacturers. Secondly, an effective 
maintenance service must he available to end-users regardless of distances. Thirdly, 
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besides a coherent national energy strategy, programmes to help small manufacturers 
and programmes to promote wells for clean rural water supply are needed. Fourthly, 
credit possibilities should be extended to manufacturers and potential end-users. 
Lastly, the existence and advantages of wind pump technology should be more 
actively promoted. The idea that wind pumps are a primitive technology has to be 
eradicated and although this process is cumbersome, by instigating improvements on 
the basis of the above recommendations this can be successfully realized. 
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Appendix A. Weighted Entities.1 

Physicai/Ecological Factor Cluster 

Climate • Hydrology • Topography Geology /Soils Ecology 
[0.3] [0.3] [0.1] [0.1] [0.2] 

- temperature - surface water - elevation - texture -flora 
[0.2] [0.3] [0.2] [0.3] [0.5] 

- precipitation * groundwater • - relief/slopes - composition -fauna 
[0.4] (0.4] (0.8] (0.7] (0.5] 

*wind velocity" - water quality 
[0.4] [0.3] 

ediurnal 
(02) 

emonthly 
(0.4] 

-yearly 
(0.4] 

1·able A.l. The P.tlystcalj.bcologtca !'actor Cluster. 

Geographicai/Demographical Factor Cluster 

- density 
[0.5] 

Population 
[0.2] 

- composition 
(0.3] 

- growth 
(0.2] 

Location 
(0.4] 

- distances to: 
•mark ets 
(0.4) 

oservices 
[0.3) 

-centers 

Dispersion 
[0.4] 

- settiement patterns 
(0.4] 

- distribution 
(0.3] 

- migration 
(0.3] 

uster. 

Infrastructurai/Political Factor Cluster 

Infrastructure Policies/Laws Government Aid 
(0.2] (0.2] (0.4] (0.2] 

- transportation and -resource use - effectiveness - quantity /form 
communication (0.4] (0.5] (0.5] 
(0.4] - land tenure and -attitudes - coordination 

- availability of techni- reform (0.5] [0.5] 
cal assistance, credit, (0.2] 
etc. - agricultural develop 
(0.6] ment 

(0.4] 
able A.3. The lntrastructuraljPollttcal t·actor Cluster. 
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A ndixA 

Economie Factor Cluster 

Prices Marketing * Employment Trade 
[0.4] [0.4] [0.1] [0.1] 

-inputs - intermediaries/ - wages - terms of trade 
[0.3] marketing networks [0.5] [0.5] 

-services [0.4] eagr. sector - "la apertura" 
[0.2] - government boclies (0.4) [0.5] 

-transport [0.4] eind. sector 
(0.3) 

[0.1] *promotion· oserv. sector 
-land rent [0.2] [0.3) 

[0.1] - part-time/full-time 
- capital [0.1] 

[0.1] - Iabour skilis 
-Iabour [0.4] 

[0.2] 
able A.4. The Econmmc Factor Cluster. 

Cultural Factor Cluster 

Socio-Cultural Factors [0.4] 

Social Structure Indigenous Org. Land Household 
[0.3] [0.2] [0.3] [0.2] 

- status/mobility - kinship - customary rights - division of Iabour 
[0.3] [0.3] [0.2] [0.4] 

- authority /power - religious groups - land disputes - religion 
relations [0.2] [0.4] [0.2] 
[0.3] - voluntary associ - landlord-tenant - contacts 

- strains/conflicts a ti on relationships [0.4] 
[0.1] [0.1] [0.4] 

- decision-making/par - indigenous law 
ticipation [0.2] 
[0.3] - indigenous technical 

knowledge 
[0.2] 
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Psycho-Cultural factors· [0.6] 

Management Knowledge Personal* Attitude 
[0.1) [0.3) [0.3) [0.3) 

- managerial capac- - education • needs, wants • - innovation/ change 
ities/skills [0.3) [0.3) [0.5) 
[1.0) - experience - goals, expectations - cooperation/partici 

[0.7) [0.3) pation 
- preferences, motiv [0.2) 

a ti on - government 
[0.3) [0.3) 

- perception, ideology 
[0.1) 

able A.5. The Cultural .t•actor Cluster. 

1. Decisive entities are denoted by an asterix. Higher order entities implicitly become decisive if lower 
order entities are evaluated as such. 
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Appendix B. Assessment of Manufactorer Jober. 

1. Assessment PhysicalfEcological Cluster. 
Dv(wind velocity) = 0.9 

DJClimate) = 0.7 
DJHydrology) = 0.85 
Dr(Topography) = 0.5 
DJGeology/Soils) = 0.5 
DJEcology) = 0.5 

De= 0.8 

PhysicaljEcological Factor Cluster 

Climate * Hydrology • Topography 
[0.3] {1} [0.3] {1} [0.1] {Y2} 

- temperature - surface water - elevation 
[0.2] {Y2} [0.3] {1} [0.2] {Y2} 

- precipitation * groundwater • - relief/slopes 
[0.4] {Y2} [0.4] {1} [0.8] {Y2} 

* wind velocity • - water quality 
[0.4] {1} [0.3] {Y2} 

odiumal 
[0.2] {~} 

•monthly 
[0.4) {1} 

ayearly 
[0.4] {1} 

Table B.l. The P lystcaljEcologtca Factor Cluster. 

2. Assessment Geographical/Demographical Cluster. 
Dr(Population) = 0.5 

Dv(distances) = 0.65 
DJLocation) = 0.65 
DJDispersion) = 0.5 

De= 0.7 

Geology /Soils Ecology 
[0.1] {Y2} [0.2] {Yz} 

- texture -flora 
[0.3] {Y2} [0.5] {Y2} 

- composition -fauna 
[0.7] {Y2} [0.5] {Y2} 

GeographicaljDemographical Factor Cluster 

Population Location Dispersion 
[0.2] {Y2} [0.4] {1} [0.4] {Y2} 

- density - distances to: - settiement pattems 
[0.5] {Y2} •markets [0.4] {Y2} 

- composition [0.4) {1} - distribution 
[0.3] {Y2} oservices [0.3] {Y2} [0.3) {~} 

- growth ocenters - migration 
[0.2] {Y2} (0.3) {~} [0.3] {Y2} 

able 8.2. 'l'he üeographica 'uemographtcal l''actor Cluster. 
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3. Assessment Infrastructural/Political Cluster. 
Dr(Infrastructure) = 0.5 
Dr(Policies/Laws) = 0.5 
Dr(Government) = 0.5 
Dr(Aid) = 0.5 

De= 0.5 

InfrastructuralfPolitical Factor Cluster 

Infrastructure Policies/Laws Government 
[0.2] {Yz} [0.2] {Yz} [0.4] {Yz} 

- transportation and - resource use - effectiveness 
communication [0.4] {Yz} [0.5] {Yz} 
[0.4) {Yz} - land tenure and -attitudes 

- availability of techni- reform [0.5] {Yz} 
cal assistance, credit, [0.2] {Yz} 
etc. - agricultural develop 
[0.6] {Yz} ment 

[0.4] {Yz} 

able B.3. ·1·he Intrastructuralj ~olittcal f<'actor Cluster. 

4. Assessment Economie Cluster. 
Dr(Prices) = 0.55 
Dr(Marketing) = 0.8 

Dv(wages) = 0.5 
Dr(Employment) = 0.5 
D[frade) = 0.5 

De= 0.9 

Economie Factor Cluster 

Prices Marketing • Employment 
[0.4] {1} [0.4] {1} [0.1] {Yz} 

-inputs - intermediaries/ - wages 
[0.3] {Yz} marketing networks [0.5] {Yz} 

-services [0.4] {1} •agr. sector 

[0.2] {Yz} - government bodies (0.4) {l1} 

-transport [0.4] {Yz} •ind. sector 

[0.1) {Yz} *promotion 
. (0.3) {l1} 

eserv. sector 
-land rent [0.2] {1} [0.3) {l1} 

[0.1) {Yz} -part-time/full-time 
- capital [0.1) {Yz} 

[0.1) {0} - Iabour skilis 
-Iabour [0.4] {Yz} 

[0.2) {1} 

Table B.4. '111e Economie f<'actor Cluster. 
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Aid 
[0.2] {Yz} 

- quantity /form 
[0.5] {Yz} 

- coordination 
[0.5] {Yz} 

Trade 
[0.1] {Yz} 

- terms of trade 
[0.5] {Yz} 

- "la apertura" 
[0.5] {Yz} 



S. Assessment Cultural Cluster. 
Dv(Social Structure) = 0.65 
D,(Indigenous Organization) = 0.5 
D,(Land) = 0.5 
D,(Household) = 0.7 

Dsc(Socio-Cultural) = 0.75 
D,(Management) = 1.0 
D,(Knowledge) = 1.0 
D,(Personal) = 0.95 
D,(Attitude) = 0.75 

Dsc(Psycho-Cultural) = 1 
De= 1.0 

Cultural Factor Cluster 

Socio-Cultural Factors [0.4] {1} 

Social Structure lndigenous Org. Land 
[0.3] {1} [0.2] {Y2} [0.3] {Y2} 

- statusjmobility - kinship - customary rights 
[0.3] {1} [0.3] {Y2} [0.2] {Y2} 

- authority /power - religious groups - land disputes 
relations [0.2] {Y2} [0.4] {Y2} 
[0.3] {Y2} - voluntary associ - landlord-tenant 

- strains/conflicts a ti on relationships 
[0.1] {Y2} [0.1] {Y2} [0.4] {Y2} 

- decision-making/par - indigenous law 
ticipation [0.2] {Y2} 
[0.3] {Y2} - indigenous technical 

knowledge 
[0.2] {V2} 

Psycho-Cultural factors· [0.6] { 1} 

Management Knowledge Personaf 
[0.1] {1} [0.3] {1} [0.3] {1} 

- managerial capac- - education * needs, wants • 
ities/skills [0.3] {1} [0.3] {1} 
[1.0] {1} - experience - goals, expectations 

[0.7] {1} [0.3] {1} 
- preferences, motiv 

ation 
[0.3] {1} 

- perception, ideology 
[0.1] {V2} 

able 8.5. The Cultural Factor Cluster. 

Assessment of Manufacturer Jober. 

Household 
[0.2] {1} 

- division of Iabour 
[0.4] {Y2} 

- religion 
[0.2] {Y2} 

- contacts 
[0.4] {1} 

Attitude 
[0.3] {1} 

- innovation/change 
[0.5] {1} 

- cooperation/partici 
pation 
[0.2] {Y2} 

- government 
[0.3] {Y2} 
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Appendix C. Assessment of Manufacturer Gaviotas. 

1. Assessment PhysicalfEcological Cluster. 
Dv(wind velocity) = 0.9 

Dr(Climate) = 0.7 
Dr(Hydrology) = 0.7 
Dr(Topography) = 05 
Dr(Geology/Soils) = 0.5 
Dr(Ecology) = 0.5 

De= 0.8 

Physicai/Ecological Factor Cluster 

Climate • Hydrology • Topography 
[0.3) {1} [0.3) {1} [0.1) {V2} 

- temperature - surface water - elevation 
[0.2) {Y2} [0.3) {V2} (0.2) {V2} 

- precipitation "' groundwater • - relief/slopes 
[0.4) {V2} [0.4) {1} [0.8) {Y2} 

"' wind velocity* - water quality 
[0.4) {1} [0.3) {V2} 

odiumal 
(0.2] {~} 

emonthly 
(0.4] {1} 

eyearly 
(0.4] {1} 

able C.l. 1be P llystcalfEcologtca Factor Cluster. 

2. Assessment Geographicai/Demographical Cluster. 
Dr(Population) = 0.5 

Dv(distances) = 1.0 
Dr(Location) = 1.0 
Dr(Dispersion) = 0.5 

De = 0.7 

Geology /Soils Ecology 
[0.1) {V2} [0.2) {V2} 

- texture -flora 
[0.3) {V2} [0.5) {V2} 

- composition -fauna 
[0.7) {V2} (0.5) {V2} 

GeographicalfDemographical Factor Cluster 

Population Location Dispersion 
[0.2) {V2} [0.4) {1} [0.4) {Y2} 

- density - distances to: - settiement patterns 
[0.5) {V2} •markets [0.4) {V2} 

- composition (0.4] {1} - distribution 
[0.3) {Y2} -services (0.3) {Y2} (0.3] {1} 

- growth -centers - migration 
[0.2) {V2} (0.3] {1} [0.3) {V2} 

able l.:.2. ·1·he Ueographtca lj Vemographtcal t·actor Cluster. 
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A ndix C. 

3. Assessment Infrastructurai/Political Cluster. 
Dr{Infrastructure) = 0.8 
Dr(Policies/Laws) = 0.7 
Dr{Government) = 0.5 
Dr{Aid) = 0.5 

De= 0.7 

Infrastructurai/Political Factor Cluster 

Infrastructure Policies/Laws Government 
[0.2) {1} [0.2) {1} [0.4) {Y2} 

- transportation and - resource use - effectiveness 
communication [0.4) {Y2} [0.5) {Y2} 
[0.4) {Y2} - land tenure and -attitudes 

- availability of techni- reform [0.5) {Y2} 
cal assistance, credit, [0.2) {Y2} 
etc. - agricultural develop 
[0.6) {1} ment 

[0.4) {1} 

able C.3. 'l'he lnfrastructuralfPohttcal Factor Cluster. 

4. Assessment Economie Cluster. 
Dr{Prices) = 0.50 
Dr{Marketing) = 0.8 

Dv(wages) = 0.5 
Dr{Employment) = 0.7 
Dr{Trade) = 0.5 

De= 0.75 

Economie Factor Cluster 

Prices Marketing * Employment 
[0.4) {Y2} [0.4) {1} [0.1) {1} 

-inputs - intermediaries/ - wages 
[0.3) {Y2} marketing networks [0.5) {Y2} 

-services [0.4) {Y2} •agr. sector 

[0.2) {Y2} - government bodies (0.4] {~} 

-transport [0.4] {1} 
•ind. sector 

[0.1] {Y2} • promotion . (0.3] {~} 
oserv. sector 

-land rent [0.2) {1} (0.3] {~} 

[0.1] {Y2} - part-time/full-time 
- capital [0.1] {Y2} 

[0.1] {Y2} - Iabour skilis 
- Iabour [0.4) {1} 

[0.2] {Y2} 

able C.4. The Economie Factor Cluster. 
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Aid 
[0.2) {Y2} 

- quantity /form 
[0.5) {Y2} 

- coordination 
[0.5) {Y2} 

Trade 
[0.1) {Y2} 

- terms of trade 
[0.5) {Y2} 

- "la apertura" 
[0.5) {Y2} 



S. Assessment Cultural Cluster. 
Dv(Social Structure) = 0.8 
Dr(Indigenous Organization) = 0.5 
Dr(Land) = 0.5 
Dr(Household) = 0.5 

Dsc(Socio-Cultural) = 0.65 
Dr(Management) = 0.5 
Dr(Knowledge) = 0.65 
Dr(Personal) = 0.35 
Dr(Attitude) = 0.5 

Doc(Psycho-Cultural) = 0 

Cultural Factor Cluster 

Socio-Cultural Factors [0.4] {1} 

Social Structure Indigenous Org. Land 
[0.3] {1} [0.2] {Y2} [0.3] {Y2} 

- status/mobility - kinship - customary rights 
[0.3] {1} [0.3] {Y2} [0.2] {Y2} 

- authority /power - religious groups - land disputes 
relations [0.2] {Y2} [0.4] {Y2} 
[0.3] {1} - voluntary associ - landlord-tenant 

- strains/conflicts a ti on relationships 
[0.1] {Y2} [0.1] {Y2} [0.4] {Y2} 

- decision-making/par - indigenous law 
ticipation [0.2] {Y2} 
[0.3] {Y2} - indigenous technical 

knowledge 
[0.2] {Y2} 

Psycho-Cultural factors· [0.6] {0} 

Management K.nowledge Personaf 
[0.1] {Y2} [0.3] {1} [0.3] {0} 

- managerial capac- - education * needs, wants • 
ities/ skilis [0.3] {1} [0.3] {1} 
[1.0] {1} - experience - goals, expectations 

[0.7] {Y2} [0.3] {0} 
- preferences, motiv 

a ti on 
[03] {0} 

Assessment of Manufacturer Gaviotas. 

Household 
[0.2] {Y2} 

- division of Iabour 
[0.4] {Y2} 

- religion 
[0.2] {Y2} 

- contacts 
[0.4] {Y2} 

Attitude 
[0.3] {Y2} 

- innovation/ change 
[0.5] {0} 

- cooperation/partici 
pation 
[0.2] {1} 

- government 
[0.3] {1} 

- perception, ideology 
[0.1] {1} 

Table C.S. The Cultural .Factor Cluster. 
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Appendix D. Assessment of Boyacá End-User. 

1. Assessment PhysicalfEcological Cluster. 
Dv(wind velocity) = 0.9 

Dt(Climate) = 0.9 
Dt(Hydrology) = 0.85 
Dt(Topography) = 0.6 
Dt(Geology/Soils) = 0.85 
Dr(Ecology) = 0.75 

De= 1.0 

Physicai/Ecological Factor Cluster 

Climate * Hydrology * Topography 
[0.3) {1} [0.3) {1} [0.1) {1} 

- temperature - surface water - elevation 
[0.2) {Y2} [0.3) {Y2} [0.2) {1} 

- precipitation * groundwater • - relief/slopes 
[0.4) {1} [0.4) {1} [0.8) {Y2} 

* wind velocity' - water quality 
[0.4) {1} [0.3) {1} 

ediumal 
[0.2] {!1} 

•monthly 
[0.4] {1} 

-yearly 
[0.4] {1} 

able D.l. The P 1ysicaljEcologtca .Factor Cluster. 

2. Assessment Geographicai/Demographical Cluster. 
Dt(Population) = 0.5 

Dv( distances) = 1.0 
Dt(Location) = 1.0 
Dt(Dispersion) = 0.5 

De= 0.7 

Geology /Soils 
[0.1) {1} 

- texture 
[0.3] {Y2} 

- composition 
[0.7) {1} 

Geographicai/Demographical Factor Cluster 

Ecology 
[0.2) {1} 

-flora 
[0.5] {1} 

-fauna 
[0.5] {Y2} 

Population Location Dispersion 
[0.2) {Y2} [0.4) {1} [0.4) {Y2} 

- density - distances to: - settiement pattems 
[0.5] {Y2} •mark ets [0.4) {Y2} 

- composition [0.4] {1} - distribution 
[0.3) {Y2} oservices 

[0.3) {Y2} [0.3] {1} 
- growth -centers - migration 

[0.2) {Y2} [0.3] {1} [0.3) {Y2} 

able D.2. The üeographica .;uemographicall'actor Cluster. 
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A ndixD. 

3. Assessment Infrastructurai/Political Cluster. 
Dr(Infrastructure) = 0.7 
Dr(Policies/Laws) = 0.5 
Dr(Government) = 0.75 
Dr(Aid) = 0.5 

De= 0.8 

InfrastructuralfPolitical Factor Cluster 

Infrastructure Policies/Laws Government 
[0.2) {1} [0.2) {Y2} [0.4) {1} 

- transportation and - resource use - effectiveness 
communication [0.4) {0} [0.5] {Y2} 
[0.4) {1} - land tenure and -attitudes 

- availability of techni- reform [0.5] {1} 
cal assistance, credit, [0.2) {Y2} 
etc. - agricultural develop 
[0.6) {Y2} ment 

[0.4) {1} 

able D.J. The lntrastructuraljf'ollttcal Factor Cluster. 

4. Assessment Economie Cluster. 
Dr(Prices) = 0.45 
Dr(Marketing) = 0.6 

Dv(wages) = 0.5 
Dr(Employment) = 0.5 
Dr(Trade) = 0.5 

De= 0.5 

Economie Factor Cluster 

Prices Marketing • Employment 
[0.4) {0} [0.4) {1} [0.1) {'h} 

-inputs - intermediaries/ - wages 
[0.3) {0} marketing networks [0.5] {'h} 

-services [0.4) {'h} •agr. sector 

[0.2) {1} - government bodies [0.4] {Yz} 

-transport [0.4) {Y2} 
•ind. sector 

[0.1) {1} *promotion 
. [0.3] {Yz} 

eserv. sector 
-land rent [0.2) {1} [0.3] {Yz} 

[0.1) {'h} - part-time/full-time 
- capital [0.1) {'h} 

[0.1) {0} - labour skills 
-labour [0.4) {'h} 

[0.2) {Y2} 

able D.4. The Econmmc .Factor Cluster. 
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Aid 
[0.2) {Y2} 

- quantity /form 
[0.5) {Y2} 

- coordination 
[0.5) {Y2} 

Trade 
[0.1) {'h} 

- terms of trade 
[0.5] {Y2} 

- "la apertura" 
[0.5] {'h} 



S. Assessment Cultural Cluster. 
Dv(Social Structure) = 0.5 
Dr(Indigenous Organization) = 0.5 
Dr(Land) = 0.5 
Dr(Household) = 0.5 

D..,(Socio-Cultural) = 0.6 
Dr(Management) = 0.5 
Dr(Knowledge) = 0.85 
Dr(Personal) = 0.3 
Dr(Attitude) = 0.5 

D..,(Psycho-Cultural) = 0 

Cultural Factor Cluster 

Socio-Cultural Factors [0.4] {1} 

Social Structure Indigenous Org. Land 
[0.3] {Y2} [0.2] {Y2} [0.3] {Y2} 

- status/mobility - kinship - customary rights 
[0.3] {Y2} [0.3] {Y2} [0.2] {Y2} 

- authority /power - religious groups - land disputes 
relations [0.2] {Y2} [0.4] {Y2} 
[0.3] {Y2} - voluntary associ - landlord-tenant 

- strains/conflicts a ti on relationships 
[0.1] {Y2} [0.1] {Y2} [0.4] {Y2} 

- decision-makingjpar - indigenous law 
ticipation [0.2] {Y2} 
[0.3] {Y2} - indigenous technical 

knowledge 
[0.2] {Y2} 

Psycho-Cultural factors· [0.6] {0} 

Management Knowledge Personal' 
[0.1] {Y2} [0.3] {1} [0.3] {0} 

- managerial capac- - education * needs, wants • 
ities/skills [0.3] {Y2} [0.3] {0} 
[1.0] {Y2} - experience - goals, expectations 

[0.7] {1} [0.3] {Y2} 
- preferences, motiv 

ation 
[0.3] {Y2} 

- perception, ideology 
[0.1] {0} 

able D.S. The Cultural Factor Cluster. 

Assessment of Bovacá End-User. 

Household 
[0.2] {Y2} 

- division of Iabour 
[0.4] {Y2} 

- religion 
[0.2] {Y2} 

- contacts 
[0.4] {Y2} 

Attitude 
[0.3] {1} 

- innovation/ change 
[0.5] {1} 

- cooperation/partici 
pation 
[0.2] {Y2} 

- government 
[0.3] {Y2} 
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Appendix E. Assessment of Casanare End-User. 

1. Assessment PhysicalfEcological Cluster. 
Dv(wind velocity) = 0.9 

Dr(Ciimate) = 0.9 
Dr(Hydrology) = 0.85 
Dr(Topography) = 0.5 
Dr(Geology/Soils) = 0.5 
Dr(Ecology) = 0.75 

De = 0.9 

Physicai/Ecological Factor Cluster 

Climate * Hydrology * Topography 
[0.3) {1} [0.3) {1} [0.1) {Y2} 

- temperature - surface water - elevation 
[0.2) {Y2} [0.3) {Y2} [0.2) {Y2} 

- precipitation * groundwater • - relief/slopes 
[0.4) {1} [0.4) {1} [0.8) {Y2} 

* wind velocity* - water quality 
[0.4) {1} [0.3) {1} 

odiumal 
(0.2] {~} 

•monthly 
(0.4] {1} 

-yearly 
[0.4] {1} 

Table E.I. The P:IystcalfEcologtca .Factor Cluster. 

2. Assessment Geographicai/Demographical Cluster. 
Dr(Population) = 0.5 

Dv(distances) = 0.45 
Dr(Location) = 0.45 
Dr(Dispersion) = 0.5 

De= 0.3 

Geology /Soils Ecology 
[0.1) {Y2} [0.2) {1} 

- texture -flora 
[0.3) {Y2} [0.5) {Y2} 

- composition -fauna 
[0.7) {Y2} [0.5) {1} 

Geographicai/Demographical Factor Cluster 

Population Location Dispersion 
[0.2) {Y2} [0.4) {0} [0.4) {Y2} 

- density - distances to: - settiement patterns 
[0.5) {Y2} •markets [0.4) {Y2} 

- composition [0.4] {0} - distribution 
[0.3) {Y2} 

-services [0.3) {Y2} (0.3] {1} 
- growth ocenters - migration 

[0.2) {Y2} (0.3] {~} [0.3) {Y2} 

able E.2. The GeographtcaJ ,;uemographtcal .Factor Cluster. 
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A ndix E. 

3. Assessment Infrastructurai/Political Cluster. 
Dr(Infrastructure) = 0.5 
Dr(Policies/Laws) = 0.6 
Dr(Government) = 0.5 
Dr(Aid) = 0.5 

De= 0.6 

Infrastructurai/Political Factor Cluster 

lnfrastructure Polides /Laws Government 
[0.2] {V2} [0.2] {1} [0.4] {V2} 

- transportation and - resource use - effectiveness 
communication [0.4] {V2} [0.5] {V2} 
[0.4] {V2} - land tenure and -attitudes 

- availability of techni- reform [0.5] {V2} 
cal assistance, credit, [0.2] {1} 
etc. - agricultural develop 
[0.6] {V2} ment 

[0.4] {V2} 

a bie E.3. The lntrastructuralj Polltical t•actor Cluster. 

4. Assessment Economie Cluster. 
Dr(Prices) = 0.85 
Dr(Marketing) = 0.8 

Dv(wages) = 0.5 
Dr(Employment) = 0.5 
Dr(Trade) = 0.5 

De = 0.9 

Economie Factor Cluster 

Prices Marketing * Employment 
[0.4] {1} [0.4] {1} [0.1] {V2} 

-inputs - intermediaries/ - wages 
[0.3] {1} marketing networks [0.5] {V2} 

-services [0.4] {1} •agr. sector 

[0.2] {1} - government bodies [0.4) {Yz} 

-transport [0.4] {V2} 
•ind. sector 

[0.1] {1} *promotion 
. [0.3) {Yz} 

aserv. sector 
-land rent [0.2] {1} [0.3) {Yz} 

[0.1] {V2} -part-time/full-time 
- capital [0.1] {V2} 

[0.1] {1} - Iabour skilis 
-Iabour [0.4] {V2} 

[0.2] {V2} 

able E.4. The Economie Factor Cluster. 
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Aid 
[0.2] {V2} 

- quantity /form 
[0.5] {V2} 

- coordination 
[0.5] {V2} 

Trade 
[0.1] {V2} 

- terms of trade 
[0.5] {V2} 

- "la apertura" 
[0.5] {V2} 



5. Assessment Cultural Cluster. 
Dv(Social Structure) = 0.75 
DJindigenous Organization) = 0.5 
Dr(Land) = 0.5 
DJHousehold) = 0.7 

D..,(Socio-Cultural) = 0.75 
DJManagement) = 0.5 
Dr(Knowledge) = 0.85 
DJPersonal) = 0.8 
DJ Attitude) = 0.5 

D..,(Psycho-Cultural) = 0.8 
De= 1.0 

Cultural Factor Cluster 

Socio-Cultural Factors [0.4] {1} 

Social Structure Indigenous Org. Land 
[0.3] {1} [0.2] {Y2} [0.3] {Y2} 

- status/mobility - kinship - customary rights 
[0.3] {1} [0.3] {Y2} [0.2] {Y2} 

- authority /power - religious groups - land disputes 
relations [0.2] {Y2} [0.4] {Y2} 
[0.3] {1} - voluntary associ - landlord-tenant 

- strains/conflicts a ti on relationships 
[0.1] {0} [0.1] {Y2} [0.4] {Y2} 

- decision-making/par - indigenous law 
ticipation [0.2] {Y2} 
[0.3] {Y2} - indigenous technical 

knowledge 
[0.2] {Y2} 

Psycho-Cultural factors· [0.6] { 1} 

Management Knowledge Personaf 
[0.1] {Y2} [0.3] {1} [0.3] {1} 

- managerial capac- - education * needs, wants • 
ities/skills [0.3] {Y2} [0.3] {1} 
[1.0] {Y2} - experience - goals, expectations 

[0.7] {1} [0.3] {Y2} 
- preferences, motiv 

ation 
[0.3] {1} 

- perception, ideology 
[0.1] {Y2} 

Table E.5. lbe Cultural Factor Cluster. 

Assessment of Casanare End-User. 

Household 
[0.2] {1} 

- division of Iabour 
[0.4] {Y2} 

- religion 
[0.2] {Y2} 

- contacts 
[0.4] {1} 

Attitude 
[0.3] {Y2} 

- innovation/ change 
[0.5] {Y2} 

- cooperation/partici 
pation 
[0.2] {Y2} 

- government 
[0.3] {Y2} 
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Appendix F. Assessment of La Guajira End-User. 

1. Assessment Physicai/Ecological Cluster. 
Dv(wind velocity) = 0.9 

Dr(Climate) = 0.9 
Dr(Hydrology) = 0.85 
Dr(Topography) = 0.5 
Dr(Geology/Soils) = 0.5 
Dr(Ecology) = 0.75 

De= 0.9 

Physicai/Ecological Factor Cluster 

Climate • Hydrology * Topography 
[0.3) {1} [0.3) {1} [0.1) {Y2} 

- temperature - surface water - elevation 
[0.2) {Y2} [0.3) {Y2} [0.2) {Y2} 

- precipitation * groundwater • - reliefjslopes 
[0.4) {1} [0.4) {1} [0.8) {Y2} 

* wind velocity • - water quality 
[0.4) {1} [0.3) {1} 

odiurnal 
(0.2] {~} 

•monthly 
[0.4] {1} 

eyearly 
[0.4] {1} 

able F.l. The PhystcalfEcologtca Factor Cluster. 

2. Assessment Geographicai/Demographical Cluster. 
Dr(Population) = 0.5 

Dv(distances) = 0.45 
Dr(Location) = 0.45 
Dr(Dispersion) = 0.7 

De= 0.5 

Geology /Soils Ecology 
[0.1) {Y2} [0.2) {1} 

- texture -flora 
[0.3) {Y2} [0.5) {Y2} 

- composition -fauna 
[0.7) {Y2} [0.5) {1} 

Geographicai/Demographical Factor Cluster 

Population Location Dispersion 
[0.2) {Y2} [0.4) {0} [0.4) {1} 

- density - distances to: - settiement patterns 
[0.5) {Y2} •mark ets [0.4) {1} 

- composition (0.4] {0} - distribution 
[0.3) {Y2} -services [0.3) {Y2} [0.3) {1} 

- growth -centers - migration 
[0.2) {Y2} (0.3) {~} [0.3) {Y2} 

able F.2. The Geographica.jDemographical Factor Cluster. 
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A ndix F. 

3. Assessment Infrastructurai/Political Cluster. 
Dr{Infrastructure) = 0.5 
Dr{Policies/Laws) = 0.7 
Dr{Government) = 0.75 
Dr{Aid) = 0.75 

De= 0.9 

InfrastructuralfPolitical Factor Cluster 

Infrastructure Policies/Laws Government 
[0.2) {Y2} [0.2) {1} [0.4) {1} 

- transportation and - resource use - effectiveness 
communication [0.4) {1} [0.5) {Y2} 
[0.4) {Y2} - land tenure and -attitudes 

- availability of techni- reform [0.5) {1} 
cal assistance, credit, [0.2) {Y2} 
etc. - agricultural develop 
[0.6) {Y2} ment 

[0.4) {Y2} 

able F.3. The lntrastructuralfPoliticall"actor Cluster. 

4. Assessment Economie Cluster. 
Dr{Prices) = 0.25 
Dr{Marketing) = 0.6 

Dv(wages) = 0.5 
Dr{Employment) = 0.5 
Dr(Trade) = 0.5 

De= 0.5 

Economie Factor Cluster 

Prices Marketing * Employment 
[0.4) {0} [0.4) {1} [0.1) {Y2} 

-inputs - intermediaries/ - wages 
[0.3) {0} marketing networks [0.5) {Y2} 

-services [0.4) {Y2} eagr. sector 

[0.2) {0} - government bodies (0.4) {~} 

- transport [0.4) {1} 
•ind. sector 

[0.1) {1} • promotion 
. (0.3) {~} 

eserv. sector 
-land rent [0.2) {1} [0.3) {~} 

[0.1) {Y2} - part-time/full-time 
- capital [0.1) {Y2} 

[0.1) {0} - labour skilis 
-labour [0.4) {Y2} 

[0.2) {Y2} 

able F.4. The Economie l"·actor Cluster. 

130 

Aid 
[0.2) {1} 

- quantity /form 
[0.5) {1} 

- coordination 
[0.5) {Y2} 

Trade 
[0.1) {Y2} 

- terms of trade 
[0.5) {Y2} 

- "la apertura" 
[0.5) {Y2} 



S. Assessment Cultural Cluster. 
Dv(Social Structure) = 0.45 
Dr(Indigenous Organization) = 0.65 
Dr(Land) = 0.5 
Dr(Household) = 0.5 

Doc(Socio-Cultural) = 0.45 
Dr(Management) = 0.5 
Dr(Knowledge) = 0.85 
Dr(Personal) = 0.65 
Dr(Attitude) = 0.4 

Doc(Psycho-Cultural) = 0.65 
De= 0.6 

Cultural Factor Cluster 

Socio-Cultural Factors [0.4] {0} 

Social Structure Indigenous Org. Land 
[03) {0} [0.2) {1} [0.3) {Y2} 

- status/mobility - kinship - customary rights 
[0.3) {Y2} [0.3) {1} [0.2) {Y2} 

- authority /power - religious groups - land disputes 
relations (0.2) {Y2} (0.4) {Y2} 
(0.3) {Y2} - voluntary associ - landlord-tenant 

- strains/conflicts ation relationships 
[0.1) {0} (0.1) {Y2} [0.4) {Y2} 

- decision-making/par - indigenous law 
ticipation [0.2) {Y2} 
[03) {Y2} - indigenous teehoical 

knowledge 
[0.2) {Y2} 

Psycho-Cultural factors· [0.6] 

Management Knowledge Personal* 
[0.1) {Y2} [0.3) {1} [0.3) {1} 

- managerial capac- - education * needs, wants • 
ities/ skilis [0.3) {Y2} [0.3) {1} 
[1.0) {Y2} - experience - goals, expectations 

[0.7) {1} [0.3) {Y2} 
- preferences, motiv 

a ti on 
(0.3) {Y2} 

Assessment of La Guajira End-User. 

Household 
[0.2) {Y2} 

- division of Iabour 
[0.4) {Y2} 

- religion 
(0.2) {Y2} 

- contacts 
(0.4) {Y2} 

Attitude 
[0.3) {0} 

- inDovation/change 
[0.5) {Y2} 

- cooperation/partici 
pation 
[0.2) {0} 

- government 
(0.3) {Y2} 

- perception, ideology 
(0.1) {Y2} 
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