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Abstract 
 
Ankarstiftelsen, a non-profit organization with the mission of assuring the access 
to basic necessities in developing countries, presented a brief for a sustainable 
water desalination system, to obtain acceptable drinking water, in the region of 
La Guajira, Colombia.  The main objective of the project is the creation of an 
initial proposal for a sustainable desalination system using solar energy with a 
minimal cost of construction.   
 
This project required large amounts of research regarding the principles of 
desalination and water purification systems. As well as the living conditions, 
weather, and water situation in La Guajira. Empirical studies helped verify initial 
information and provided a better understanding of desalination systems and 
their principles. Methodologies such as user personas, interviews, and Function 
analysis were used to determine key constraints and aspects to be considered in 
the project development.  In addition, simple functionality tests were conducted 
to evaluate the concepts generated. The resulting design proposal is a collection 
of technical functionality aspects and user identity that aims to create a 
meaningful and coherent product to be implemented in its designated context. 
 
 
  



 IV 

Preface 
 
We would like to dedicate this work to the Wayuu people in La Guajira, for whom 
this project is developed and to AnkarStiftelsen for providing us with a valuable 
and meaningful project that has broaden our perspective towards the role of 
design in the development of communities and the responsibility we have as 
privileged members of society to use our knowledge and talent for social impact.  
A special thanks to everyone involved in the realization of this work, The 
University of Skövde and The National Autonomous University of Mexico for 
giving us the opportunity to carry out our final project abroad. Lastly to our 
supervisors Lennart Ljungberg and Pamela Ruiz Castro and our examiner Anna 
Brolin for their guidance and valuable feedback that were key to the 
development of this project.  

  



 V 

Table of Contents 

1 INTRODUCTION .......................................................................................................................... 1 

1.1 ANKARSTIFTELSEN ...................................................................................................................... 1 
1.2 PROBLEM DEFINITION ................................................................................................................. 1 
1.3 OBJECTIVES .................................................................................................................................. 2 
1.4 METHODOLOGY ............................................................................................................................ 2 

2 BACKGROUND INFORMATION ............................................................................................... 4 

2.1 LA GUAJIRA ................................................................................................................................... 4 
2.2 DEFINING THE USER .................................................................................................................... 5 
2.2.1 WAYUU CULTURE AND LIFESTYLE ....................................................................................................... 5 
2.2.2 USER PROFILE ......................................................................................................................................... 6 
2.3 WATER DESALINATION ............................................................................................................... 8 
2.3.1 DESALINATION TECHNIQUES ................................................................................................................ 8 
2.4 SOLAR RADIATION AND ENERGY ...............................................................................................10 
2.5 CLASSIFICATION OF SOLAR STILLS ...........................................................................................10 
2.5.1 PARABOLIC STILLS ............................................................................................................................... 10 
2.5.2 WEIR- TYPE STILLS ............................................................................................................................. 11 
2.5.3 WICK SOLAR STILLS ............................................................................................................................ 12 
2.5.4 BASIN STILL .......................................................................................................................................... 12 
2.5.5 TUBULAR STILL .................................................................................................................................... 12 
2.5.6 SEMI SPHERICAL STILL ........................................................................................................................ 13 
2.6 COMPONENTS AND CONSIDERATIONS FOR SOLAR STILLS ......................................................14 
2.6.1 HEAT COLLECTION ............................................................................................................................... 14 
2.6.2 HEAT RETENTION ................................................................................................................................ 15 
2.6.3 CONDENSATION SYSTEM ..................................................................................................................... 15 
2.7 DEHUMIDIFIERS AS WATER COLLECTORS .................................................................................15 

3 PRELIMINARY STUDY .............................................................................................................17 

3.1 BENCHMARKING .........................................................................................................................17 
3.1.1 F-CUBED ................................................................................................................................................ 17 
3.1.2 ELIODOMESTICO ................................................................................................................................... 18 
3.1.3 SOLARBALL ........................................................................................................................................... 18 
3.2 OBJECTIVES DEFINITION ...........................................................................................................20 
3.3 FUNCTION ANALYSIS ..................................................................................................................22 
3.4 DESIGN OPPORTUNITY ..............................................................................................................23 

4 DESIGN SPECIFICATION .........................................................................................................25 

4.1 DEFINING PERFORMANCE ATTRIBUTES ...................................................................................25 
4.2 PRODUCT SPECIFICATION .........................................................................................................27 

5 CONCEPT GENERATION .........................................................................................................30 

5.1 MORPHOLOGICAL CHART ..........................................................................................................30 
5.2 RAPID PROTOTYPING FOR FUNCTIONALITY TESTS .................................................................33 
5.3 BRAIN-STEERING AND DETAILED MORPHOLOGICAL CHART .................................................35 
5.4 SPECIFIC FUNCTION TEST..........................................................................................................37 

6 EVALUATION OF SELECTED CONCEPT ..............................................................................38 

6.1 COMPARISON AGAINST SPECIFICATION TABLE ........................................................................38 
6.2 ITERATION OF CONCEPT DEVELOPMENT .................................................................................39 



 VI 

6.3 RISK ANALYSIS ...........................................................................................................................41 

7 FINAL DESIGN PROPOSAL .....................................................................................................46 

7.1 GENERAL DESCRIPTION .............................................................................................................46 
7.2 TECHNICAL AND DESCRIPTIVE PRODUCT SPECIFICATION ......................................................48 
7.2.1 WATER INPUT SYSTEM ....................................................................................................................... 48 
7.2.2 EVAPORATION SYSTEM ....................................................................................................................... 49 
7.2.3 CONDENSATION SYSTEM .................................................................................................................... 51 
7.3 WATER OUTPUT CALCULATIONS ..............................................................................................53 
7.4 SEQUENCE OF USE ......................................................................................................................53 
7.5 LIFE CYCLE ASSESSMENT ...........................................................................................................57 
7.6 CONCLUSION AND FUTURE IMPROVEMENTS ............................................................................59 

8 DISCUSSION ................................................................................................................................61 

9 REFERENCES ..............................................................................................................................63 

10 APPENDICES ............................................................................................................................67 

10.1 APPENDIX A .............................................................................................................................67 
10.2 APPENDIX B .............................................................................................................................71 
10.3 APPENDIX C ..............................................................................................................................73 
10.4 APPENDIX D .............................................................................................................................74 
10.5 APPENDIX E ..............................................................................................................................75 
10.6 APPENDIX F ..............................................................................................................................80 
10.7 APPENDIX G .............................................................................................................................81 
10.8 APPENDIX H .............................................................................................................................87 

 



 1 

1 Introduction 
 
Potable water is the most basic necessity for humans, yet according to a 2007 
World Health Organization report, more than one billion people in the world lack 
the access to clean and safe drinking water. In underdeveloped communities 
such as La Guajira in Colombia, salted water is the only possible source for water 
consumption to a large portion of the population, representing high health risks. 
Drinking salted or brackish water is the leading cause of acute and chronic 
illnesses in third world countries.  
 
Many processes provide alternatives for water purification, the most efficient 
being those that utilize electricity yet they are unaffordable for the communities 
that need them and implicate high levels of carbon emissions. They may also 
stop functioning due to the use of electrical components and the adverse 
conditions of use they are under. Having said this, there is a necessity for a 
system water purification that can achieve high levels of productivity and be cost 
efficient, to be implemented in marginal communities. 

1.1 AnkarStiftelsen  
 
Ankarstiftelsen is an organization created in 1996 by Sven Bergholm and Börje 
Erdtman with the mission to create solutions to basic need problematics in 
developing communities. Its values rely on the right for everyone to have a free 
and dignified life.  
 
They currently work with volunteering projects in Colombia and Brazil, mainly 
with the construction of schools and supply of clean water. The dynamics of their 
projects rely on the support from sponsors to finance the construction and 
implementation of various systems across La Guajira, currently one of them 
being the exploration with desalination techniques to obtain potable water. 
 

1.2 Problem Definition 
 
As mentioned before, the most efficient processes to purify water use electricity, 
and represent high costs of production and maintenance. The region of La 
Guajira is mostly populated by low-income indigenous people, the development 
of this system of desalination has to consider their characteristics and daily life 
conditions. Thus, it should be designed to cater their needs and implement a 
process of desalination in a sustainable and inexpensive manner to obtain 
sufficient amounts of drinkable water.  
 
Communities in La Guajira Colombia, have an abundant source of water from the 
Caribbean ocean. However, it cannot be used for human consumption due to its 
high levels of salt. In addition, solar energy is a plentiful source of energy in the 
country, taking advantage of it by implementing a desalination system can 
significantly reduce the cost of obtaining clean water. 
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1.3 Objectives 
 
This Sustainable System for Water Desalination project aims to design a product-
based proposal that can be introduced to the region of La Guajira in Colombia by 
considering low-cost energy sources, intuitive and understandable set up 
procedures and use of local materials to ensure the proper integration with the 
users and the context. 
 
It is important that the final result caters to the physical and cognitive 
characteristics of the users as well as their social-economic capabilities. 
Functional requirements have to comply with the availability of materials and 
processes in the destined country of use while maintaining a focus on reaching a 
sustainable solution and requiring minimal technical assistance for assembly and 
maintenance. It is essential for the success of the project to provide enough 
drinkable water for a family, for this, certain functional requirements must be 
met to ensure a higher efficiency than traditional desalination methods. 

1.4 Methodology 
 
The nature of the project, being centered in the functionality and efficiency of a 
system, requires a set of appropriate methodologies that offer structure and 
allow the creation of constraints and criteria for evaluation of concepts. 
However, the consideration of the user culture and resources, given the extreme 
conditions of the users, represents a social aspect of the project. Thus, the 
methodology implemented must allow a flexibility to iterate between the 
generation and evaluation phase and a combination of creative and rational 
methods throughout the design process. As such, the project is carried out in the 
four stages of the descriptive model of design processes by Nigel Cross.  The 
combination and structure of different methodologies allow iteration between 
phases of the design process in order to enable improvement of the solutions 
developed (Cross, 2008).  
 
The first stage focuses on the idea that design problems are ill-defined, therefore 
require an initial research and acquisition of information to clearly understand 
the nature of the problem (Cross, 2008). Such understanding and definition are 
achieved through semi-structured interviews with the client and users, literature 
surveys regarding desalination techniques and water purification. The aim of a 
Semi-Structured Interview is to obtain data while also allowing exploration of 
issues not yet considered (Wilson, 2013). 
 
User research is important since it eliminates assumptions and provides design 
insights (Faulkner, 2000) given the significant distance from La Guajira and its 
inhabitants; special methodologies for user research are needed in order to 
define their characteristics and context. Analysis of user research provided 
insight into the behaviors and activities of The Wayuu people and how they deal 
with water shortage and scarcity. 
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The goals and sub-objectives of this project are defined through the 
implementation of an Objectives Tree, which also helps identify their 
relationship and the means required to fulfill them (Cross, 2008). In addition, the 
use of a Function Analysis method to define the boundaries of the desalination 
system provided an initial visualization of design parameters.  
 
With the information gathered from the exploration phase, which includes the 
methodologies mentioned above, a Needs and Specification lists are created in 
order to, in further stages, evaluate and compare concepts and solutions. 
Following these methodologies, a Brain-steering session allows the generation of 
solution concepts. Brain-steering is a thinking process guided by parameters in 
order to generate concepts within a highly technical context or problem (Coyne 
and Coyne, 2011), such as the one addressed in this project.  
 
This project requires the realization of a sustainable product, therefore the 
environmental impact of the processes, materials, and use of the proposal have 
to be evaluated. The inclusion of a Life Cycle Analysis in the Evaluation phase will 
provide guidance in the selection of the most suitable solution.  
 
Communication is key in any design process, whether it be to understand the 
work process between the design team or to present it to clients. Presentation 
material to communicate the design process and resulting proposal will be done 
through CAD models and renderings. As part of this communication, Figure 1 
shows a graphic representation of the design process and selected methods for 
this project.  

Figure 1. Design Process based on Nigel Cross descriptive model. 

- Morphological Chart 
- Brain-Steering 
- Concept generation 

- Background Research 
- Literature Survey 
- User Research 

- Low fidelity prototyping  
- Life Cycle Assessment 
- Risk Analysis 

- 3D model and renderings 
- Written Report 
- Presentation 
- Blueprints 
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2 Background Information 
 
According to the World Health Organization, 88% of the 4 billion annual cases of 
diarrheal diseases are attributed to unsafe water consumption (World Health 
Organization, 2012). Simple systems that can treat water at home, such as 
desalination systems, can save a number of lives each year in communities 
where clean water is not easily available.  
 
To properly configure a system for water desalination, a clear understanding of 
the principles of desalination and the existing technologies behind it are 
necessary. As well as defining, the conditions needed to create an efficient 
system are key to the proper development of the project. Consideration of the 
designated context of use and user are of major relevance for the success of the 
project. Information regarding the user, context as well as a study surrounding 
exiting technologies for water desalination are analyzed in this chapter. 
 

2.1 La Guajira  
 
The region of La Guajira is one of the 32 districts in which Colombia is politically 
and geographically divided (The peninsula of La Guajira is shown in red on 
Figure 2). Located on the northern peninsula, the mainly deserted land has a 
temperature between 22 and 40 degrees Celsius. According to the department of 
strategic statistics of Colombia (DANE), La Guajira is one of the regions with the 
highest percentage of extreme poverty where 47% of the population lives in 
conditions that don't satisfy basic needs (DANE, 2018) such as access to clean 
drinkable water. The most common sources of water are natural deposits such as 
wells, lagoons or jagueyes, which provide water consumption to nearby 
communities. Within this territory, 80% of the population belongs to a native 
indigenous community called the Wayuu (DANE, 2018). 
 

 
Figure 2. Map showing the region of La Guajira (Image obtained from Shadowxfox) 
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2.2 Defining the User 
 
User research gives insights into how people interpret and use products and 
services. Innovative and profitable ideas are the result of user research and 
exploration (Faulkner, 2000). Product development varies depending on the 
users, context and customer requirements yet the success of the product relies 
on its functional efficiency perceived by the intended audience, which is why 
usability is a great starting point to the development of any project (Goodman et 
al., 2012).  
 
An important and conflictive aspect of this project is the significant distance from 
the intended user and context, which does not allow a one on one observation of 
the user or context analysis. In order to define the user given the circumstances, 
interviews via telephone with Wayuu community members in Colombia and 
people who have worked with AnkarStiftelsen were implemented as a method of 
research and analysis. In addition to this, literature research, documentaries and 
other studies regarding the indigenous community of the Wayuu, their lifestyle 
and customs helped visualize the abilities, needs, and desires of the community. 

2.2.1 Wayuu Culture and Lifestyle 
 
The Wayuú people are located in the peninsula of La Guajira in northern 
Colombia. In 2005, 270,413 people recognized themselves as belonging to the 
Wayuú people (DANE, 2018). The dynamics of this ethnic group is matrilocal and 
is characterized by settlements based on the Ranchería concept. The Rancherias 
are formed by several pieces of land inhabited by extensive families (Paz 
Reverol, 2014), forming a group of residence defined by collective land 
sometimes including mills to pump water or artificial wells and dams in 
riverbeds to store water. Their organization relies on the division of task, in 
which women are in charge of the activities within the Rancheria and men are 
responsible for grazing, hunting, and fishing. Given the difficulties of their living 
conditions, their economic activities have expanded to the commercialization of 
their native crafts such as textile weaving and, in some regions, ceramics (Paz 
Reverol, 2014).  
 
In lack of the possibility to observe the Wayuu people in their daily life and gain 
insights into their current water collection and consumption practices, an 
interview via telephone with a Wayuu woman living in La Guajira, was held (Full 
interview Appendix A). The interview revolved around the different water 
collection routines in La Guajira, how they currently purify water and daily life in 
the Rancherias. It has been stated that the Wayuu are organized in matriarchal 
Rancherias where extensive families reside, sometimes housing from 10 to 12 
nuclear families. Most of the Rancherias lack their own wells, which forces the 
inhabitants to travel up to two hours to the nearest water source to collect the 
water each Rancheria requires. Even then, the water obtained is from subsoil 
deposits, which contain high levels of salt or external contaminants. The need for 
water consumption forces the Wayuu to either boil small amounts of water to 
better the condition or consume salted water.  
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Many organizations and government campaigns have worked with Wayuu 
communities to improve the water situation affecting thousands of people, yet 
their efforts have not been effective in their entirety. A common mistake on these 
types of aids is the lack of research regarding not only the economic situation but 
social and educational conditions in La Guajira. The percentage of the Wayuú 
population that does not know how to read or write is 61.65% (DANE, 2018). In 
their majority elderly people although only 10% of the current young population 
attended some kind of elementary education, this according to interviews held 
with Wayuu community members. Recent initiatives by active members of the 
community have started new educational programs for the younger population 
in order to increment the percentage of Spanish speaking Wayuus, given that 
their native language is Wayuunaiki, a dialect with no written expressions. The 
extreme living conditions of most of the Wayuu community in La Guajira 
regarding water shortage as well as lack of electricity in 99% of the communities 
calls for an analysis of a new system for water desalination in addition to proving 
potable water, takes into consideration their culture and capabilities. 

2.2.2 User Profile 
 
To create a wide understanding of the users, personas were created and will be 
kept in mind through the development of the project. User Personas are used 
generally in the beginning of a process development with the intention of using 
fictional characters as means to express the needs of different users (Goodman et 
al., 2012).  Figure 3 is a graphic representation of the resulting personas; they 
seek to illustrate the lifestyle of different members of the Wayuu community. 
 
Given the distance and difficulty of communication with users in La Guajira, the 
Wayuu culture was researched through existing studies such as Paz Reverol´s 
“La Sociedad Wayuu” (2014), as well as the national statistic department of 
Colombia´s online database (DANE, 2018). In addition, an interview with one 
Wayuu woman in Colombia provided valuable information, which was then 
analyzed and concluded in the classification of users based on their water 
collection routines. Each Rancheria has a different water source whether it be a 
well on their property, a pond or in most cases, they have to travel to the nearest 
water source. These different tasks were used as a base for the creation of user 
personas and represent the daily struggles of obtaining potable water in La 
Guajira, from health issues to environmental impact of the current water 
purification methods used in the communities.  
 
Most of the water purifiers that have been developed are not affordable for low-
income communities either for their production cost or the high levels of 
technology and maintenance needed. The complexity of use of some systems is 
not adequate to the educational level or experience of the Wayuu community. In 
addition to the slow process of desalination that does not produce enough water 
for a family's daily consumption, they encourage the development of an 
alternative desalination system for this specific context. Having stated this and 
knowing the low availability of electricity in the area, as well as the concern for 
affordability and low maintenance, the expectations of this project, rely on an 
affordable, sustainable and efficient solution. 
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Figure 3. User Personas 
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2.3 Water Desalination 
 
Water Desalination is a process to remove salt and other minerals from brackish 
or saline water in order to make it acceptable for human consumption. The main 
principle relies on separating the contents of water based on different boiling 
points (Ahsan et al., 2014). In this process, water is heated in a closed 
environment reaching its point of evaporation, the temperature is then 
maintained for large periods of time to continuously evaporate water without 
evaporating any other contaminants in the water. The water vapor is then 
condensed and collected as purified water.  
 
One of the many benefits of desalination is the low cost of production of basic 
and simple stills, in addition, most of the technology can be used in either small 
or large scale. There are different types of desalination processes that apply new 
technologies to increase the efficiency of the process, yet the most popular 
method is still the solar desalination. There has been an extensive research and 
study by different organizations, universities, and researchers regarding the use 
of desalination in the production of potable water; an analysis of them and 
conclusions of their parameters are included in this section. 

2.3.1 Desalination Techniques 
 
With the high rate of mortality as a result of diseases related to impure water 
consumption, different methods for water purification have been developed, 
such as water desalination. Water desalination can be classified in many 
different ways, in this report, the existing techniques will be evaluated according 
to the process itself. Below, Table 1 shows the comparison between different 
desalination techniques regarding the process, cost, and energy use. 
 
As Table 1 shows, most of the methods used for water desalination represent 
elevated costs and energy consumption due to the requirement of high amounts 
of electricity or high tech components such as filters, membranes, etc. Solar 
Desalination, on the contrary, is a simple, cost-effective and sustainable method 
for it operates solely off solar radiation. Solar desalination is one of the most 
promising simple and economic methods for water purification (Tiwari and 
Sahota, 2017). It can be used in large and small scale production which allows 
this type of process to be modified and designed for different contexts. The main 
challenge in the implementation of Solar Desalination is obtaining a higher 
efficiency system that can produce sufficient amount of drinkable water 
compared to existing products, with the use of solar radiation. Given the 
advantages of this desalination technique, it seems as the most viable option to 
be further developed into a product based solution. Further research regarding 
the limitations, advantages and other factors of Solar Desalination is carried on 
section 2.4 
 
 
 
 



 9 

Table 1. Existing Desalination Methods 

 Solar 
Desalination 

Reverse Osmosis   Distillation   Ion Exchange 

 
 
 
 

 
Process 

 

Imitates a part of the 
natural hydrologic 

cycle in which saline 
water is heated by the 
sun’s rays so that the 
production of water 
vapor increases. The 
water vapor is then 
condensed on a cool 
surface and collected 

as water. 

Occurs when pressure is 
applied to the salt water 

side of the membrane 
and fresh water is 

effectively drawn from 
the salt water.   The 

amount of contaminants 
discarded is dependent 

on the amount of 
pressure applied. 

Consist of separating 
different substances 

based on different 
boiling points.  Water 
will boil before any of 

the impurities, thus 
the water is 

evaporated, collected 
and condensed in a 
separate container.  

Electro dialysis reversal 
desalination membrane 

process. An electric 
current migrates 

dissolved salt ions 
through an electro 

dialysis stack. 
Periodically, the 

direction of ion flow is 
reversed by reversing 

the polarity applied 
electric current. 

 

 
 
 

 
Cost 

 

Stills themselves are 
mostly inexpensive to 
construct, and thermal 

energy may be free. 
However, additional 

energy may be needed 
to pump the water the 

still.  

Among desalination 
processes, RO is one of 
the most cost effective 

in long term use, yet the 
initial investment for 

construction is high. In 
addition to this, RO 

plants require special 
maintenance to prevent 

bacteria formation. 

Cost for building a 
small scale distillation 
device depends on the 

choice in energy 
source as it relates to 

the materials required.   

Cost for this method is 
dependent on the level 
pre and post treatment 
required depending on 

the amount of 
purification achieved 
with electro dialysis. 

 
 
 
 

Energy 
 

A solar collection area 
of about one square 
meter is needed to 
produce 4 liters of 

water per day in an 
ideally efficient 

system. 

Reverse Osmosis is an 
energy efficient process.  

However, as stated 
earlier, the effectiveness 

of RO depends on the 
amount of pressure 
applied.  The energy 
required to power a 

pump is the only energy 
that needs to be 

considered.    

The energy source for 
a distiller can be 

either:  solar, fire or 
electricity.  The energy 

requirement for a 
distiller is related to 
the boiling point of 

water and the 
materials used. 

This process requires 
electrical energy which 
may not meet the user 

needs and the initial 
requirements. 

 
 
 

Results 

These types of solar 
humidification units 

have been used in 
small scales for family 

use or for small 
villages where solar 

energy is abundant but 
electricity is not.   

Safety concerns are 
higher than with other 
processes. In addition 

the high cost of building 
materials and 

maintenance tarnishes 
this process's ability to 

meet the customer 
needs. 

The major drawback 
with this device is 
water production.   
However a larger 

device could speed the 
process but would 

represent higher costs 
and energy use. 

It is a process of high 
cost and complexity. 
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2.4 Solar radiation and Energy  
 
Solar energy is considered, primarily as the radiation from sun rays that are used 
for practical means. Technologies that use solar energy can be classified as either 
passive or active. Active technologies convert sunlight into electricity such as 
solar panels, while passive techniques use materials with thermal properties and 
design to intensify and retain the energy obtained from direct sun rays (Tiwari 
and Sahota, 2017), thus reducing the need for alternative energy sources. 
 
As mentioned before, the growing demand for cost-effective methods to purify 
water and the also increasing concern for environmental impact, have resulted in 
an unquestionable requirement to use renewable energy in many design 
projects. Solar energy is a clean, environmentally friendly, inexhaustible, 
abundantly available and high potential source of renewable energy (Machanda 
and Kumar, 2015).   
 
Since passive techniques rely only on the proper use of materials and geometry 
to concentrate, increase and retain heat obtained from sun exposure, they 
represent a viable option to develop a proposal for a solar water desalination 
system. The implementation of solar energy in water distillation although not 
new, has not been explored and exploited to its full potential (Mehta et al., 2011) 

2.5 Classification of Solar Stills 
 
Clean water scarcity is a worldwide problem, according to the United Nations it 
affects around 1.2 billion people. Many projects that make use of desalination 
principles to solve water scarcity; some of them will be discussed in this section. 
Solar desalination is a tried and true technology that can effectively purify 
seawater (Mehta et al., 2011) which if designed correctly and precisely can 
effectively remove not only salts but also bacteria and heavy metals to obtain 
potable water. 
Even though each project is different in many ways, they can be categorized into 
four basic designs. A simple description of each type is explained below. 
 

2.5.1 Parabolic Stills 
As shown in Figure 4, parabolic stills implement solar mirrors to reflect and 
concentrate sunlight to a specific point thus heating water faster. They are 
capable of producing two liters of clean water a day for every square meter of 
reflective area (Arunkumar et al., 2012). The disadvantages of this type of system 
are the high cost of production and maintenance as well as the fragile nature of 
mirrors or reflective material used. 
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2.5.2 Weir- Type Stills 
They consist of staggered horizontal tilted trays enclosed in an insulated 
container in which water is evenly distributed. The principle relies on increasing 
the surface area for evaporation by reducing the depth of water basins, these 
types of stills have been proven to have high efficiency (Aghaei Zoori et at., 
2013). However, they require a high number of components and considerations 
for assembly and maintenance. An example of a weir-type still is shown in Figure 
5. 
 

 
 
Figure 5. Weir Type Still (Arunkumar et al., 2012)) 

 
 
 
 
 

Figure 4. Parabolic Solar Still (Arunkumar et al., 2012) 
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2.5.3 Wick Solar Stills 
The use of wicking refers to the absorption and draw off liquid by the capillary 
action of a textile, which allows water to evaporate on the surface at a quicker 
pace. The use of a textile in the still as shown in Figure 6, also produces higher 
temperatures inside the still (Manchanda and Kumar, 2015). This type of system 
has been proven to have the same efficiency levels as a weir-type still, yet it 
represents higher costs of maintenance. The wicking textile requires frequent 
cleaning or replacement in case of salts and sediment building up. 
 

 
Figure 6. Wick Solar Still (Arunkumar et al., 2012) 

 

2.5.4 Basin still 
Basin stills are the most known and used solar stills and given their simple 
geometry as shown in Figure 7, they represent low-cost production. Although 
they are cheap to construct in any environment with a variety of materials, they 
present the lowest efficiency of water production (Arunkumar et al., 2012). 
 

 
Figure 7. Basin Solar Still (Arunkumar et al., 2012) 

 

2.5.5 Tubular still 
Concentric tubular stills, shown in Figure 8, consist of a rectangular water basin 
inside a glass or transparent plastic tube where water evaporates on the inner 
surface of the tube and is collected on the inner bottom of it. This variation of 
still represents a high evaporation rate compared to traditional designs, 
producing up to 4500ml per day per square meter of radiation area (Ahsan and 
Fukuhara, 2010). 
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Figure 8. Tubular Solar Still (Ahsan and Fukuhara, 2010) 

 

2.5.6 Semi Spherical still 
A schematic representation of this type of still is shown in Figure 9, as shown it 
consists of a circular basin inside a hemispherical cover paired with a conically 
shaped water collector. The efficiency of this system has been proven to produce 
2.8 liters of water per meter squared of absorption area and can convert almost 
50% of the saline water input into potable water (Ismail, 2009). 
 

 
Figure 9. Semi Spherical Still (Ismail, 2009) 

 
Given the short period of time to develop this project, references to existing 
evaluations and study of the above mentioned solar stills were used to evaluate 
their efficiency.  An experimental study on Various Solar Still Designs 
(Arunkumar et al., 2012) evaluated the performance of six different designs. As 
Figure 10 shows, the efficiency of each still was measured for four months, 
concluding that the highest efficiency was performed by Tubular Stills. Their 
success relies on the high thermal efficiency, this, as a result of no having 
structural walls, which can cause considerable shadow decreasing the 
absorption of solar radiation.  
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However, the performance of any solar still depends in great part on the climatic 
conditions in which it is tested and on a wide number of parameters such as: 

- Solar Radiation and other Climatic Conditions 
- Water depth 
- Materials 
- Geometry and Dimensions 
- Orientation 
- Vapor Tightness 

 
Regardless of the type and conditions, solar stills can be further tested and 
improved by experimenting with a combination of systems focusing on the 
enhancement of heat transfer materials, temperature differences from basin 
water containers and condensing covers (Tiwari and Sahota, 2017). 
 

 
Figure 10. Comparison of efficiency of different solar stills (Arunkumar et al., 2012) 

 

2.6 Components and Considerations for Solar Stills 
 
After the initial research and analysis of solar desalination and classification of 
solar stills, basic components were identified and gave path to the creation of 
subsystems in order to better understand how the principle of desalination 
works. The study also provided insightful information regarding considerations 
for the increment of efficiency and proper construction of solar stills. The 
subsystems and conclusions drawn for each of them are presented in sections 
2.6.1-2.6.3 

2.6.1 Heat collection  
Heat harvesting consists of the collection and increase of solar radiation in order 
to be transferred to the heat retention system. Its proper functioning is 
conditioned by the use of heat and water absorption resistant materials.  
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2.6.2 Heat retention 
This system is focused on the absorption, retention and heat transfer to the body 
of water in order increase temperature and allow evaporation. This system 
requires special observation to heat transfer coefficients of materials in order to 
ensure a high efficiency of the entire system. 
 

2.6.3 Condensation system 
The condenser is a system aimed to reduce the time of condensation of water 
vapor in order to increase the efficiency of the system. A proper design has to 
consider water absorption capacity of materials, as well as the temperature 
difference between the water container and the condensation area. 
 
The design and efficiency of solar desalination stills depend on many factors 
which include the proper combination of materials and geometry. The pollution 
free technology, flexibility for domestic and commercial purposes of solar 
desalination stills as well as the relatively low maintenance cost are only some of 
the advantages of this desalination method. Their simple functioning concept 
and flexibility of design has resulted in the development different proposals that 
aim to increase the low water production of this method of water purification.  
 
However, there are still drawbacks that have not allowed its high production or 
commercialization, such as the low water productivity and the absence of 
minerals from the resulting water. Nonetheless, this type of systems allows a 
rapid and viable solution for emergency cases and low-income communities to 
obtain potable water and offer the possibility of experimentation and perfection 
of existing models. 

2.7 Dehumidifiers as water collectors 
 
Dehumidification is a concept based on removing the moisture from the air in 
the environment, they absorb air and with the use of coolant pipes transform the 
moisture into liquid water. Moisture free air is then released to the environment 
again. A schematic representation of the function of a dehumidifier is shown in 
Figure 11.  
 
There are projects of water generation and purification that implement 
dehumidifiers, mostly to reduce the water generation time. However, they 
require high amounts of energy to function, thus representing high costs.  
In spite of the variety of such projects, there are still doubts regarding the 
hygiene of water obtained through these processes. According to the United 
States Environmental Protection Agency, stagnant condensed water can harbor 
biological contaminants when maintenance is not frequently given to 
dehumidifiers. Moreover, the cooling pipes and other components can spread 
metal residues to the resulting water (Martin, 2015). Unlike other water 
purification processes, dehumidifiers do not sterilize the water obtained from 
the environment thus require an additional process to ensure clean and 
drinkable water.  
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There also many appliances that obtain potable water from the air, however, 
they can cost up to 8,000 SEK according to Wood’s, one of the biggest home 
appliances suppliers in Sweden. This cost however does not include the 
electricity consumption and maintenance needed throughout the use of the 
product. The water obtained from these appliances, as well as water obtained 
from solar desalination stills, has a low mineral content. The difference in cost 
and similarity of water output quality indicates that desalination stills are a more 
viable and cost-effective solution than dehumidifiers or similar appliances. 
Furthermore, the introduction of a foreign technology in a rural and vulnerable 
community presents a high possibility of failure given that the objects often used 
are far from the users’ comprehension and collective knowledge. In consequence 
resulting in a refusal of the product not by choice but rather by a 
misunderstanding of its purpose. 
 

 
Figure 11. Schematic representation of a Dehumidifier 

 
Having stated the above, the solution developed should focus on the 
implementation of solar desalination techniques to improve the efficiency of 
water production compared to existing products while also maintain an 
independency from external resources such as electricity and foreign technology. 
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3 Preliminary Study 
 
This stage of the project integrates the conclusions drawn from the Background 
study and research of existing desalination products and projects, as well as an 
analysis of their components in relation to their efficiency.  
As well as methodologies such as Objectives Tree and Function analysis which 
helped converge the information obtained and guide the project to a specific 
functional goal while providing parameters and criteria to evaluate future 
concepts and solutions. 

3.1 Benchmarking 
 
A study and analysis of existing products were carried out to compare their 
efficiency in relation to the materials and geometry used in their production. The 
objective of this study is to find an area of opportunity to improve existing 
models. It also serves as a basis for the project given the difficulty to simulate a 
working prototype in the Winter Swedish weather, studying and analyzing 
existing desalination products will provide insights into design considerations 
and design opportunities. 
Different solar stills have been developed and tested, some of the most relevant 
and efficient models are shown and described below, including the reason for 
their high efficiency as well as drawbacks of the system. 

3.1.1 F-Cubed 
F-Cubed is a solar desalination system which requires no filters, chemicals or 
power source to produce 10 liters of potable water per day at an average 
temperature of 30 °C (Fcubed, 2018). This system allows rainwater harvesting to 
increase the water input as well as a solar pump to automatize the water flow. F-
Cubed panels, shown in Figure 12, work based on a weird type solar still and 
wicking techniques. Saline or Brackish water enters from the top of the panel 
and flows down an internal fabric allowing the heat inside to evaporate the 
water faster by evenly spreading it across the panel. The water vapor then 
condenses on the inside of plastic covers and runs down to a collection canal. 
 

 
Figure 12. F-Cubed panel (Image obtained from fcubed.com) 
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Although f-cubed provides high amounts of potable water with the use of only 
solar radiation and has been installed in many communities, there are some 
drawbacks considering the inner black textile used for wicking. Such textile will 
eventually need to be replaced or cleaned to ensure a constant and reliable 
potable water output.  

3.1.2 Eliodomestico 
Designed by Gabriel Diamanti, Eliodomestico is a solar household desalination 
still for developing countries (Gabrielediamanti, 2018).  Its operation is based on 
an upside-down coffee maker, in which solar radiation heats the metal water 
basin, evaporating the water inside. The water vapor then creates pressure 
inside the basin and is forced down a metal pipe to a condensation lid and 
ceramic water container to be collected by the user.  Eliodomestico, shown in 
Figure 13, is capable of providing up to five liters of drinkable water per day 
(Gabrielediamanti, 2018). In addition to its high efficiency, it caters to the habits 
and culture of the intended user as well as their economic activities. However, 
the water collection container must be emptied frequently to avoid overflow, 
which requires the user to have a constant supervision of the system. 
 

 
Figure 13. Eliodomestico (image obtained from gabrielediamanti.com) 

3.1.3 Solarball 
Solarball is a project developed by Jonathan Liow at the Monash University, 
consists of a sustainable water purification system based on solar desalination. 
The spherical model, shown in Figure 14, can produce up to three liters of clean 
water every day (PhysOrg, 2011) by absorbing sunlight through the clear upper 
dome, causing water in the lower black semi sphere to evaporate and condensate 
on the inner clear dome. The condensed vapor trickles down to the sides of the 
ball allowing users to drink or collect the resulting water. 
 
The portable design of this system allows it to be used in any context or reduced 
spaces and does not require a structural assembly or high technical maintenance, 
yet the selection of plastic materials present a possible conflict when destined to 
be used in vulnerable communities. Such materials must be able to withstand 
high temperatures and constant exposure to the sun as well as overall harsh 
environmental conditions. 
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Figure 14. Solarball (Image obtained from Monash University at monash.edu.au) 

In order to evaluate the before mentioned systems against each other and assess 
their advantages and disadvantages, Table 2 was created and contains the 
material selection for each part of the desalination still as well as an analysis for 
such decision.  The comparison also includes the highest water productivity the 
system can provide and observations made on their design, development, and 
functionality. 
 
From this analysis, it is clear that the transparency of sun collector parts is 
closely linked to the selection of plastic materials, Elidomestico uses a metal 
collector given the thermal conductivity of steel therefore not requiring a 
transparent cover. F-Cubed produces the most water output, although not 
proven, it can be based on the combination of wicking and weir type solar 
desalination methods. Weir type stills equally divided water into smaller bodies 
to faster evaporate the surface of them, while wicking increases the humidity 
inside the still allowing a faster temperature increase. 
 
The selection of black textile in F-Cubed panels and Black lining in Solarball, is 
due to the capacity of this color to absorb and retain heat, thus allowing a more 
efficient water heating system. Eliodomestico includes this method with the 
implementation of a metal container thus heating water faster, in addition to 
this, it separates the condensation surface from the sunlight collection surface, 
resulting in a more efficient system than Solarball. Eliodomestico takes into 
consideration the destined context and makes use of local activities and 
materials to create a sustainable system of water desalination.  
 
It is clear that the efficiency of the product is a result of a proper combination of 
geometry and materials to ensure the exposure to solar radiation in order to 
collect and retain heat. While equally distributing water in the basin ensures a 
faster evaporation pace, the condensation method must also ensure the most 
minimum loss of vapor and can be achieved through a separation of evaporation 
and condensation chambers in addition to pressure and temperature principles. 
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Table 2. Benchmarking comparison 

 F-Cubed 
 

Eliodomestico SolarBall 

Sunlight collection 
material 

Transparent 
Plastic sheet 

Black steel cover Transparent 
Plastic Sphere 

Water basin 
materials 

Black textile in 
weir type plastic 
base 

Steel container Black plastic 
Sphere 

Heat Retention 
System  

Use of Wicking 
textile 

Ceramic structure 
and insulation 

Black lining on 
water basin 
sphere 

Condensation 
surface Material 

Transparent 
Plastic sunlight 
collection sheet. 

Metal pipe and 
Aluminum surface 

Transparent 
Plastic sunlight 
collection sphere 

Water Input 
System 

Automatic solar 
pump 

Hand-filled Hand-filled 

Water collection 
System 

Metal canal at 
lower end of 
panel 

Ceramic basin Circular canal 
around inner 
transparent 
plastic sphere 

Water 
productivity 

10 L / day 5 L / day 3 L / day 

 

3.2 Objectives Definition 
 
With the conclusions drawn from the background study and benchmarking 
analysis, objectives were defined in relation to different areas of improvement of 
desalination techniques. The main objectives are listed below in order of 
importance, the first and foremost is the goal of producing desalinated water 
acceptable for human consumption. Taking into consideration the context of use 
and users, a sustainable and low-cost method is required while maintaining a 
high or competitive efficiency in comparison to existing products.   
 
1.  Provide Clean Water 
1.1. Desalinate Water 
1.2. Filter Contaminants 
 
2.  Sustainable  
2.1 Locally Available Materials  
2.2. Low energy consumption 
2.3. Low Maintenance 
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3.  Ergonomic 
3.1. Simple Assembly 
 
4. Reliable 
4.1. Stable 
4.2. Efficient  
 
5. Adequate 
5.1. Reflect community values  
5.2. Congruent with the context  
 
To clarify the above-mentioned objectives and state the means to reach such 
goals (Cross, 2008), via a system for water desalination, the objectives tree 
method was implemented and a graphic representation is shown in Figure 15.  
The key to this method is the questioning of the essential purpose of the project, 
why they are important, how they can be achieved and which implicit goals 
underlie them (Cross, 2008). The stated objectives and the way they will be 
achieved will be clarified and determined according to conclusions drawn from 
Function analysis methodologies and Benchmarking research.  
 

Figure 15. Objectives Tree 
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3.3 Function analysis 
 
In order to establish the functions that the system requires to work, a function 
analysis was developed. This method expresses the overall function of the design 
in terms of inputs and outputs considering the fundamental purpose of the 
product (Cross, 2008). 
 
The main purpose of the project is to desalinate water and provide acceptable 
drinking water to communities in La Guajira. Ankarstiftelsen had an initial 
proposal to implement a dehumidifier within the Desalination Still. This idea is 
based on the assumption of the dehumidifier increasing the amount of drinkable 
water obtained.  In order to assess such proposal, function analysis was done for 
both a system that integrates a dehumidifier and a Solar Desalination Still.  
Figure 16 shows the functional analysis of a basic system for water desalination. 
 
 

 

As it can be observed in Figure 16, the system boundary encloses the main 
functions of the desalination system from water retention to evaporation and 
condensation, yet it does not include water collection or additional steps like 
infusions of minerals and other substances to the resulting water in order to 
reach the maximum quality for potable water. This boundary works as a guide 
for the project development and allows the identification of components needed 
for the working system.  
 

Figure 16. Function Analysis for basic water desalination system 
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As means of comparing the number of inputs, outputs, and components needed 
in a system that integrates a dehumidifier in the desalination process, a function 
analysis was also carried out and is expressed in Figure 17. The complexity of the 
Function analysis in this model of the device resides in the use of an electric 
appliance. Not only will this proposal require the implementation of solar panels 
or another electricity source to work, but the cost of maintenance and repair 
results in a high level of inputs, not only as components. In addition, the 
introduction of a foreign technology in an indigenous community where less 
than 1% of the population has access to electricity (Uriana, 2018) and 61.65% 
are illiterate, demands previous education regarding the use of dehumidifiers 
and delays the project development in the time given.  
 

3.4 Design Opportunity 
 
Different solar desalination products and projects have been tested in 
developing communities, for they are a suitable technology where supply for 
conventional energy or resources is scarce. The use of solar energy implicates an 
independence from energy sources and ensures water access at a low 
environmental impact, easy operation and a possible low maintenance.  
 
A wide variety of the existing solutions make use of plastic production 
technologies for they aim to develop a large-scale product that can be widely 
distributed, yet they lack consideration of environmental factors that negatively 
affect the long run performance of the system, for example many of them 
implement different plastic materials which in long periods of exposure to sun 
light can release toxins or can lose many of their properties.  This project in 
comparison to others seeks to create a solution that takes into consideration the 
culture of the Wayuu people, the resources of their community and the 
environmental characteristics of La Guajira. 
 
Looking at the existing products and principles of desalination, there is an 
opportunity to increase efficiency by dividing the overall system into sub-
systems. This will result in a more efficient condensation since the evaporation 
chamber will not function as a condensation surface. Allowing the 
implementation of temperature differences and other methods to increase the 
water output.  
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Figure 17. Function analysis with dehumidifier. 
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4 Design Specification 
 
This chapter draws the conclusions from the Preliminary study as guidelines and 
constraints for the conceptualization and development of possible solutions 
(Cross, 2008). Such conclusions can be stated as initial attributes and 
requirements, these can then be introduced to a performance specification which 
provides a graphic and organized way to state the general characteristics for the 
evaluation of solutions (Cross, 2008).   

4.1 Defining Performance Attributes  
 
In order to help define the design problem in terms of functions, initial 
performance attributes were set in a list of demands and wishes as shown in 
Table 3. The classification in demands and wishes is based on the importance or 
relevance each attribute has over the main function of the system, which is the 
production of desalinated water. Demands are attributes that directly affect the 
performance of the system, while wishes are attributes related to the personal 
goals of the design team or the client and although desired to be met, if they are 
not achieved, they do not compromise the overall goal. 
 
The purpose of this list is to create a base on which criteria for evaluation can be 
determined depending on the importance of the attribute and their individual 
parameters for fulfillment. A basic description of the fulfillment of each 
performance attribute is also included in the table to communicate how each 
attribute is to be defined. This list of initial performance attributes lies on a 
general level of description, the evaluation parameters will be stated as 
measurable data in a specification list further into the design process. 
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Table 3. Performance Attributes Table 

Number Need Demand 
or Wish 

Definition 

1.1 Desalinate Water Demand Produces water with up to 10^4 ppm 
salt concentration (Tiwari, 2017). 

1.2 Filter Contaminants Demand Does not allow filtration of particles 
and other contaminants to the output 
water container.  

2.2 Low Energy 
Consumption 

Demand Relies on the use of solar radiation to 
function.  

2.3 Low Maintenance Demand Does not require the use of filters, 
membranes to function. Neither does it 
require extensive, special and frequent 
maintenance. 

3.1 Usable Wish The system has an understandable set-
up procedure and water collection 
system. 

4.1 Stable Demand The possibility of collapsing or tilting 
over is slim and does not represent 
risk of injury to the user during 
assembly or use. 

4.2 Long Life Span Wish Does not require component 
replacements or technical maintenance 
for wide periods of time. 

5 Efficient Demand Provides sufficient amounts of 
acceptable drinking water with the use 
of solar radiation and no other power 
source. 

6 Congruent with 
Context 

Wish Takes into consideration the 
environmental characteristics of the 
location as well as the economic 
activities and culture of the users in 
order to integrate the system into their 
daily life. 

7 Sustainable Demand Seeks to better the community’s well-
being by simultaneously considering 
the social, economic and 
environmental aspects of their context. 
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Physical Characteristics Importance

Quality of Output Water X 3

Type of Assembly between components X 5

Steps to Assemble X 1

Heat Transfer Capacity of Materials X 3

Heat Retantion Capacity of Materials X 3

Corrosion Resistance X 3

Temperature Resistance X 5

Daily Water Output X 2

Dimensions X 3

Life span of components X 3

D or W Attribute Ranking

D Desalinate Water X X X X X X 6

D Filter Contaminants X X 2

D Low Energy Consumption X X 2

D Low Maintenance X X X 3

W Usable X X 2

D Stable X X 2

W Long Life Span X X X 3

D Efficient X X X X X X X 7

W Congruent with Context X 1

D Sustainable X X X 3

4.2 Product Specification 
 
Performance Attributes are an expression of what the design solution must 
achieve yet they do not express precisely how those parameters are to be 
evaluated (Cross, 2008). The specification of the attributes is done by means of 
objective and qualitative data gathered from initial literature study and 
conclusions from the first stages of the design process. Such specifications are 
directly related to physical characteristics of the possible solutions, thus, 
resulting in sets of measurable data against which concepts will be evaluated.  
The established specifications should be set in ranges within which desirable or 
acceptable performance lies (Cross, 2008), not stating sets of precise limits 
allows flexibility in the concept generation as well as an iteration to improve 
solutions.  
 
Table 4 shows the set of attributes before mentioned and the physical 
characteristic of the product they are related to, the relationship can be traced by 
the Xs marked on each attribute and their correspondent x marked on each 
physical characteristic. This analysis serves as a guide to establish the 
measurable parameters of evaluation and the importance each one has on the 
performance of the possible solutions. For example, the attribute “Low 
maintenance” is directly affected by the life span of the components as well as 
their temperature and corrosion resistance, for these physical characteristics 
will determine how often the system must be cleaned, or how frequently 
components will need to be replaced to maintain a high efficient system and 
proper water output quality suitable for human consumption. The Attributes are 
ranked in importance based on the relevance they have over the main function of 
the product, which is the production of consumable water. 
 

Table 4.  Attributes and Characteristics. 
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As table 4 shows, the physical characteristics are also ranked, those of higher 
importance are the type of assembly between components and the temperature 
resistance of materials for they are related to most attributes. These 
characteristics are of great importance, for example, the type of assembly will 
determine how well vapor is contained in the still and prevent water leaking 
from the system. The temperature resistance of the selected materials dictated 
the lifespan of the system as well as the resistance to climatic conditions. The 
characteristics are ranked in importance given their relationship to the heat 
retention capacity for they directly dictate the time it will take to evaporate 
saline water consequently affecting the efficiency of the system. Heat Transfer 
refers to the capacity of heat retention of a material, therefore this value will be 
one of the most important parameters of concept generation and evaluation.  
 
The physical characteristics were then translated to measurable data, for 
example, the quality of output water can be measured by the concentration of 
salt in it, while the low energy consumption is measured by watts consumed. The 
next step to create a specified requirement for evaluation is the defining of how 
characteristics will be measured and based on initial research, set ranges of ideal 
and marginal performance. Table 5, shows the specification table.  As Table 5 
shows, characteristics related to usability were not included given the difficulties 
encountered in the user research. The distance from the context of use and time 
given to develop the project do not allow a proper experimentation and testing 
of usability with real users, thus the project only provides the development of a 
first proposal focusing on functional aspects. 
 
 
Table 5. Specification Table 

 
 

Need Units Marginal value Ideal Value 

Salt Concentration in 
Output water 

PSU (Practical 
Salinity Units) 

,05% <,05% 

Energy Consumption Watts 0 0 

Time to evaporate water Hours 24hrs <24hrs 
Amount of Daily Water 
Output  

litres 2 Lt >2 Lt 

Area of Solar Collector m² 1  m² >1 m² 

Temperature Resistance ℃ 30 ℃ 42 ℃ 
Use of locally available 
materials 

Y / N Y Y 

Gas and water proof 
assembly 

Y / N Y Y 

Life Span  Years 5 years 10 years 

Heat Transfer Capacity (W/(m2 K)) 17 <5 
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The most important requirement is the amount of salt in the resulting water, 
given that this will determine if the produced water is safe for human 
consumption. The Salt concentration in water is measure by PSU (practical 
salinity units) and the values for drinkable water are equal or less than .05% 
PSU, this value can be measure with the use of a refractometer.  
 
 
 
The energy consumption is an important aspect of the proposal development, as 
stated before, electricity is not available in more than 90% of the communities in 
La Guajira, meaning that the proposal must rely on other sources of power to 
function such as solar radiation. In order to produce 2 liters of water, which is 
the minimum recommended for consumption per person in a day, the device 
must have a minimum of 1 meter square of solar collection area, this can be 
described as the area directly exposed to sunrays.  
 
The climatic conditions of the region also require the use of materials that can 
perform and maintain their properties even after long periods of sun exposure 
or other environmental factors such as rain, wind and humidity. These 
conditions will also determine how often the components of the system or the 
entire system must be replaced; given the social and economic characteristics of 
the Wayuu, the system must not require to be replaced in at least 5 years, this 
will be determined by the materials and production specification of the selected 
components of the system. 
 
Having defined the evaluation criteria, the development of the project can 
continue to a generation of possible solutions that will be further tested and 
evaluated gains the specification table presented in this section. 
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5 Concept Generation 
 
This chapter synthesizes the information gathered from literature review, user 
analysis and benchmarking to identify different techniques and elements that 
influence the efficiency of desalination systems. Using such information, 
morphological charts were created to develop concepts of possible solutions, 
followed by brain-steering sessions to design in detail certain components of the 
product. Selected concepts will then be tested using low fidelity prototypes and 
evaluated against the specification table.   

5.1 Morphological Chart 
 
This methodology is adequate in order to generate concepts based on existing 
technologies that can increase the efficiency of the desalination process. In 
addition, it allows a wide range of alternative design solutions for a product and 
widens the search for potential new solutions (Cross, 2008).  
A morphological chart, as seen in Figure 18, was generated based on the division 
of the desalination still in three sub-systems, not including a source of water 
input as it lies outside the system boundary. Based on conclusions from the 
classification of desalination stills and benchmarking analysis, possible solutions 
were introduced for each sub-system. The possible sub-solutions were then used 
to generate different concepts taking into account the context, user needs, and 
the specification list.  

 
 

Figure 18. Initial Morphological Chart 

Concept 1 Concept 2 Concept 3 Concept 4 
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This methodology is adequate in order to generate concepts based on existing 
technologies that can increase the efficiency of the desalination process. In 
addition, it allows the exploration of alternative design concepts for a product 
and widens the search for potential new solutions (Cross, 2008).  
 
This morphological chart provides a general level of concept generation which 
allows the improvement of concepts in case those initially created do not satisfy 
the stated requirements. The authors of this project set up the creation of four 
initial concepts that combine existing technologies and methods for water 
desalination with the purpose of increasing the efficiency of the system and 
considering the context of use. The concepts generated were based on the 
feasibility of their production and use, for example materials such as glass, 
ceramics and mirrors were discarded since they are quite fragile and could result 
in a constant need to be replaced if broken. Other sub solutions such as the use of 
a fan or cooling pipes were not implemented for they represent a use of 
electricity or additional chemicals and membranes which can increase the cost of 
production and maintenance.  Therefore, the resulting concepts integrated 
materials and mechanisms that have been proven to have a high efficiency in 
desalination, based on existing literature.  
 
Concept one, illustrated in Figure 19, consists of transparent plastic containers 
with parabolic reflectors that concentrate solar radiation on the saline water and 
uses an inverted pyramid roof to collect water compensated on the top of the 
container allowing it to fall through a pipe to a second container.  
 
 
 

 
 

Figure 19. Concept 1 

 



 32 

Figure 21. Concept 3 

Figure 20. Concept 2 

Figure 22. Concept 4 

Concept two resembles the first in geometry, however instead of a parabolic 
reflector it implements the use of copper to transfer heat to the body of saline 
water. This concept is shown in Figure 20. On the other hand, concept three, 
shown in figure 21, implements a tubular copper container, the use of copper as 
the evaporation basin reduces the need for components or sunray collection 
systems given the properties of copper. The vapour is then collected via pressure 
flow in a separate container with cast lining to decrease the temperature of the 
condensation surface.  
 
Finally, concept 4 implements a tubular geometry as concept 3, given the proven 
higher efficiency of such systems. This concept implements an outer steel tube 
with a metal basin inside, this allows the concentration of heat inside the steel 
tube, when the water in the inner basin evaporates and the vapour condenses, it 
is then collected on a separate container. The collection container is covered 
with a tent to prevent sunrays from heating the collected water and causing its 
evaporation consequently decreasing the water output. This fourth concept can 
be seen on Figure 22. Concepts one and two given that they implement different 
techniques to increase efficiency were selected to be build and tested in order to 
prove their expected performance.  
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Figure 23. Prototype of Concept 1 Figure 24. Prototype of Concept 2 

 

5.2 Rapid prototyping for Functionality Tests 
 
Prototyping is a methodology often used to test ideas in the early stages of a 
product development phase (Martin and Hanington, 2012). The implementation 
of this methodology has the purpose of evaluating the selected concepts with-out 
requiring high fidelity of construction. Low fidelity functioning prototypes were 
created at a small scale for the first two concepts, shown in Images 23 and 24, in 
means to obtain an approximate test of the basic function of the concepts.  This 
collection of empirical studies have the purpose of evaluating the combination of 
materials and geometry for the configuration of a proper solution to the design 
problem.   

 
 
 
 
 
 

 
The test were conducted in a closed environment at an average temperature of 
23 degrees Celsius. The relevant date that was sought to be collected included 
the evaporation rate in relation to the water input and the water output of the 
system. The time for condensation was considered as the moment in which the 
first condensed water is collected, the simulations after one hour did not result 
in a measurable amount of water. They were left for several hours to assure the 
system did not need more time to condensate. However, after several hours of 
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exposure to light and a stable room temperature, no considerable amounts of 
water output were produced.  
The climatic conditions of the testing location, Skövde Sweden, during the winter 
months, make it difficult to simulate even an approximate amount of solar 
radiation and heat to assess the overall performance of the prototypes. Given 
these complications the data collected was insufficient to properly evaluate the 
concepts against the specification table. As a result, the concepts will be selected 
based on previous and existing experimental studies of desalination techniques.  
 
Given that tubular solar stills are able to produce up to 4500ml of desalinated 
water per day per meter squared of radiation area (Ahsan and Fukuhara, 2010), 
concepts that included tubular geometry were considered for further 
development. The majority of tubular stills use glass or plastic containers even 
though such materials are cheap and free from corrosion, they have low thermal 
conductivity and present expansion when exposed to heat (Reali and Modiga, 
2008) for large periods of time, reducing the efficiency of the system. Concept 
three uses a copper tube as the saline water basin and sun collector thus 
reducing the number of components needed to evaporate water. The use of 
copper tube increases the operating temperature since copper is the second best 
heat conductor (Escarzaga, 1997), it is capable of conducting heat received form 
solar radiation rapidly across its surface, consequently reducing the time for 
water to star evaporating.  
 
It has been mentioned before that one of the main drawbacks of traditional solar 
stills is their low production rate of potable water. This slow rate production is 
mainly due to the low operating temperature of the systems and the low 
pressure of steam (Lindblom, 2011) inside the evaporation chambers. While 
many efforts in the development of new desalination products are being focused 
on using cheaper materials and simpler designs (Lof, 1961) not enough have 
been made in technical functional improvements.  
 
Technical improvements do not necessarily require state of the art technology or 
specialized components, rather an observation of basic functions that can be 
improved within the principles of desalination techniques. Currently classic 
basin stills and other products use glass or plastic covers as heat collector and 
condensing surface which reduced the efficiency of the system. The division of 
the still in sub-systems has the purpose to completely separate the evaporation 
chamber from the condenser. This separation can then be used to create a 
temperature difference between the two sub-systems increasing the evaporation 
and condensation rate (Lindblom, 2011). 
 
Concept three provided a viable and innovative general proposal to continue the 
generation phase given the use of copper and the division of the desalination still 
in sub-systems gives the opportunity to generate different alternatives to solve 
each individual function. The following chapters will be oriented to the ideation 
and testing of detailed concepts.  
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5.3 Brain-steering and Detailed Morphological Chart  
 
Given the high technically of the project, a methodology that could guide the idea 
generation in a convergent manner was needed. In order to generate ideas 
parting from a tubular desalination still, brain steering sessions were held. Brain 
steering relies on the use of analysis to originate new ideas, it states that by 
asking the right questions or “thinking inside the right box”, ideation process are 
more likely to succeed in finding proper solutions (Coyne and Coyne, 2011). This 
thought process is important when working on highly functional projects that 
require a focus on proven or highly probable functional innovations. 
 
Several ideas were generated for the different systems and their possible 
solutions maintain a focused on the use of a copper tube as the evaporation 
chamber. The solutions generated in this session were then introduced in a 
morphological chart, showed in Figure 25, allowing a systematic generation of 
design proposals (Cross, 2008).  

Figure 25. Detailed Morphological chart 
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The solutions considered for each system were the result of brainstorming 
sessions using synectics, a creative thinking method focused on creating ideas 
towards a specific solution by using direct analogies (Cross, 2008). For example, 
water output systems had to create a difference in temperature, therefore ideas 
regarding cooling systems or methods were presented in the sessions. Such 
solutions resembled ecological refrigeration methods used in different middle-
eastern communities or simple ideas such as creating a shade to block sun 
exposure to the container.  Pot in Pot is a system of a small container inside a 
bigger one, the area difference is filled with wet sand, the evaporation of the 
water causes the inner container to cool as low as 4 degrees Celsius (Strauss, 
2016).  Several products use the same concept by using different types of clays to 
insulate sustainable refrigeration systems. Implementing a separation of 
evaporation chamber and condenser reduces heat loss in addition, the creation 
of a cooling system in the condenser enhances the evaporation rate (Lindblom, 
2011). Additionally the use of sand or clays to reduce temperature in the output 
water container makes use of locally available materials in La Guajira. 
 
Water input ideas were focused on how the evaporation system was to be filled 
and refilled to the adequate water quantity. Several ideas were manually 
manipulated by the users and required additional personalized components to 
function. By implementing a float valve, often used in coffee makers and other 
filling systems, constant supervision of the user is no longer required. Moreover, 
it can be set to a specific amount of water input consequently ensuring a proper 
quantity of water inside the evaporation chamber.  
 
By using tubular stills and separating the condenser from the evaporation 
chamber, a system to conduct water vapour into the final container is required.  
Given the principles of vapour behaviour, the pressure created in the copper 
tube when water evaporates, buoyancy forces will suck the vapour from the 
copper tube into the condenser (Lindblom, 2011). This evaluation and 
consideration of possible solutions resulted in the creation of a fifth concept, 
shown in Figure 26. Such concept, in theory, will result in a competitive efficient 
system based on literature study and analysis of existing solar desalination 
techniques and products. However, a functionality test is required to prove such 
principle, given that the efficiency of this concept relies on the capacity of water 
vapour to be conducted to the condenser.  
 

Figure 26. Concept 5 
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Figure 27. Basic Functionality prototype Figure 28. Detail of Functionality Prototype 

5.4 Specific Function Test 
 
The performance and efficiency of Concept 5 relies on the principle that water 
vapour will travel horizontally from the evaporation chamber to the condenser, 
this basic function has to be proven true in order to continue developing the 
selected concept and assure a high possibility of success. For this, a function 
model was created, these types of prototypes are used to demonstrate the 
general function or particular functions of a product (Erlhoff and Marshall, 2007) 
before they go into detailed design or production.  
 
The aim of the test was to prove water vapor under pressure will move vertically 
through a connector to a lower temperature container, considering the high 
difficulty of recreating environmental conditions in Sweden this prototype was 
heated in water vapour to speed the water heating process. Given that this basic 
functionality test only aims at proving a water vapour behaviour, there is no 
need to recreate sun exposure or temperature. The prototype consisted of a glass 
tubular container sealed on both lateral faces, with a plastic tubular connector to 
a plastic container of greater volume. Previously heated water was introduced in 
the glass container, which was then sealed and placed on top of water steam 
(shown in Figure 27 and 28). It is important to stress that although the prototype 
is in no way accurate to concept 5, it is useful to simulate the horizontal flow of 
water vapour.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

This Functionality test was proved successful, as water vapour travelled from the 
initial container to the condenser, an explicit table of the test can be found in 
Appendix C.  This phenomenon is based on the increase of pressure inside the 
evaporation chamber, the pressure created forces the steam to travel to an area 
of less pressure and or temperature (Shankar, 2014). Given that the condenser is 
of larger area and has a lower temperature than the evaporation chamber, stem 
will travel through a connector pipe and then will expand increasing the 
efficiency of the system.  
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6 Evaluation of Selected Concept 
 
The use of a planned design methodology allows the process of construction or 
production to be separated from the creation process, enabling the proposals to 
be evaluated before having them produced (Cross, 2008). By comparing the 
selected concept against the specification table and applying other methods of 
evaluation, facilitates the identification of possible errors in the design and 
improvements to be made. This chapter presents the result of the evaluation 
phase of the selected concept for further development. 

6.1 Comparison against Specification Table  
 
The evaluation of Concept 5 against the specification table can be seen in Table 6, 
evaluation criteria for water production, the concentration of salts in the 
resulting water and the time for water evaporation is marked as Unknown 
information. This is due to the failed attempts to simulate environmental 
conditions needed to evaporate water with solar radiation.  
 
Table 6. Evaluation of Concept 5 

Need Units Marginal 

Value 

Ideal 

Value 

Concept 5 

Salt Concentration in 
Output water 

PSU ,05% <,05% Unknown 
information 

Energy Consumption Watts 0 0 0 

Time to evaporate 
water 

Hours 24hrs <24hrs Unknown precise 
information  

Amount of Daily 
Water Output 

Liters 2 Lt >2 Lt Unknown precise 
information 

Area of Solar 
Collector 

m² 1 m² >1 m² 3.9 m² 

Temperature 
Resistance 

℃ 30 ℃ 42 ℃ 46.8  ℃ 

Use of locally 
available materials 

Y / N Y Y Y 

Gas and water proof 
assembly 

Y / N Y Y Y 

Life Span years 5 years 10 years 10 years 

Heat Transfer 
Capacity 

(W/(m2 
K)) 

17 <5 17 Copper 
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The Area of solar Collection is calculated by measuring the area of the copper 
type exposed to sun rays, while the temperature resistance and Heat Transfer 
capacity is given by the properties of copper. Nevertheless, it allows an initial 
evaluation of the concept, and as shown on the comparison table, concept 5 
complies with the majority of the measurable parameters, exceeding only the 
needed Heat Transfer capacity to retain heat. Copper is one of the best heat 
conductors yet it has a high heat transfer capacity (Escarzaga, 1997) meaning 
when exposed to wind or water flow its temperature reduces. Such results led to 
the implementation of a heat retention system, focusing on researching 
traditional and easily available materials.  
 

6.2 Iteration of Concept Development 
 
Due to the result of the first comparison against the specification, the selected 
concept 5 requires the implementation of a heat retention system that prevents 
heat loss when exposed to wind, rain or humid environments. Initial research 
regarding cooling systems, the properties of different kinds of sands showed the 
possibility of using them as cooling or heating systems.  
 
Sedimentary Sand is often found in deserts and beaches around the Caribbean, 
this particular type of sand is known to have a low heat transfer capacity as low 
as .06 W/m2 K (Joshi and Jani, 2005). This low coefficient makes this particular 
material the ability to retain heat for extended periods of time, for example, one 
kilogram of sand will take up to five hours to reduce its temperature from 40 °C 
to 20 °C. In addition to sedimentary sand, certain natural fibers also present high 
heat retention properties, such as wool and cotton (Energy.gov, 2018). Both 
fibers are abundant in La Guajira and are used to fabricate woven goods such as 
bags and hammocks, this practice is one of the main economic activities of the 
Wayuu  (Reverol, 2014), and it not only represents income to their community 
but  also part of their cultural identity.  
 
According to Wayuu mythology, knitting is a way to maintain a connection to the 
environment and communicate their history (Reverol, 2014). By implementing 
the use of woven textiles to contain sedimentary sand, not only are the insulation 
properties being used but also the economic activities of the users are 
incorporated into the production of the proposal. The use of sedimentary sand 
and natural fibers to Concept 5 resulted in the creation of Concept 6, shown is 
Figure 29.  

Figure 29. Concept 6 
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The Wayuu have been able to adapt to harsh conditions since the beginning of 
their culture and have in the same manner adapted their traditions, such as 
knitting, to their current circumstances. One of the main objects woven by the 
Wayuu women are used as transportation containers, including tubular bags 
used to transport water containers as shown in Figure 30.  
 
 

Wayuu woven textiles represent daily activities and community values, such 
representations are made in geometric shapes called Kanaas. By including the 
use of this cultural element of the Wayuu people in the production and function 
of the desalination system, a sense of belonging and identity is created regarding 
the product (Unger and Chandler, 2012).  The purpose of a woven textile as an 
insulation element is not sufficient to create a valid and respectful use of their 
cultural practices. A synchronization of the element and the Kanaas patters is 
needed. Although not a specific design is stated, in this case, the use of the 
Pa’ralouas Kanna (Figure 31) was chosen in the proposed textile stating the 
meaning “One above the other” as a representation of a piling of efforts or 
community work (Serrada, 2009). 
 

Figure 30.  Wayuu Woman (Image obtained from elespectador.com) 

Figure 31. Pa'ralouas Kanna (Serrada, 2009) 
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Said concept is also compared to the specification table as shown in Table 7 and 
complies with the measurable needs meaning it can be further developed to a 
formal proposal for a sustainable system of water desalination.  
 
Table 7.  Specification Table comparison 

Need Units Marginal 

Value 

Ideal 

Value 

Concept 5 

Salt Concentration in 
Output water 

PSU ,05% <,05% Unknown 
information 

Energy Consumption Watts 0 0 0 

Time to evaporate 
water 

Hours 24hrs <24hrs Unknown precise 
information  

Amount of Daily 
Water Output 

Liters 2 Lt >2 Lt Unknown precise 
information 

Area of Solar 
Collector 

m² 1 m² >1 m² 3.9 m² 

Temperature 
Resistance 

℃ 30 ℃ 42 ℃ 46.8  ℃ 

Use of locally 
available materials 

Y / N Y Y Y 

Gas and water proof 
assembly 

Y / N Y Y Y 

Life Span years 5 years 10 years 10 years 

Heat Transfer 
Capacity 

(W/(m2 
K)) 

17 <5 0.06 Sedimentary 
Sand 

 
 

6.3 Risk Analysis 
 
According to Murphy’s Law “whatever can go wrong will go wrong” (Kirilenko 
and Lo, 2013), given this theory, a Risk Analysis was implemented as an 
evaluation method to identify and improve on the potential failures of the 
system. Frequently, errors in the performance of a product can be a result of 
inadequate or improper design (Human-system Integration in the System 
Development Process, 2007).  To further develop an appropriate design solution, 
the resulting qualitative and quantitative data from this analysis can be used to 
assess the objects´ function and possible risks (Wu et al., 2010).  Such possible 
risks are measured by a Risk Priority Number (RPN) which is obtained by 
multiplying the severity of the system failure, the probability of occurrence and 
the difficulty of detecting such failure.  
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Figure 32 shows the criteria used to carry out the Risk analysis and the aspects 
considered in this evaluation method for both the initial assessment and the 
considerations to reduce the risk probability.  

  
In order to perform this analysis, brainstorming was made focusing on the 
possible failure of each part of the system. The scenarios created were 
accompanied by an analysis of the cause of the problem, an explanation of how 
the failure could occur and how it affects the main goal of the entire system. The 
resulting possible scenarios were then analyzed to identify the severity of their 
impact in relation to the effect they have on acceptable drinking water 
production, for example a failure that contaminated the clean water produced 
would be given a higher value in severity than a failure that does not affect the 
quality of the water produced. The following step consisted in identifying how 
such failures could be detected and prevented and rated on the likelihood of 
their occurrence. The qualitative results were then introduced in the RPN 
equation, which multiplies Severity by Occurrence by Detection, qualifying each 
action from one to ten according to its severity (Shown in Table 8). 
 
RPN values are classified into four categories, identified by color. Green 
represents an acceptable value, yellow a low reasonable risk, orange a 
reasonable risk and red an intolerable value. RPN values shown in the initial Risk 
Analysis, conclude that the possible failures lie within an acceptable probability 
and severity 
 

Figure 32. Risk Analysis criteria 
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However, with the goal of improving the results in all the possible errors, 
another analysis was developed introducing improvements in the product in 
order to reduce PRN values (Shown in Table 9). 
 

Table 8. Initial Risk Analysis 
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Table 9. Risk Analysis with improvement consideration 

 
 
 
Within the main improvements of the existing concept to reduce the severity of 
failures and errors, are the design of stable and leveled base as well as the 
consideration of simple and sealed joints between components as means to 
reduce vapor and water leaks. The overall assembly of the system must be 
simple and understandable to ensure a proper functioning of the system, life 
expectancy of materials is also a key factor to the performance and low error 
probability of the system, components selected must be resistant to sun 
exposure and waterproof. An explicit comparison between the initial Risk 
analysis and the improvements analysis can be found in Appendix D.  
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Design evaluation is the most important phase of a design process that focuses 
on functionality, because not only it allows the identification of possible failures 
but it also allows an iteration of concept development for improvement.  The 
evaluations presented in this chapter allowed the implementation of local 
economic activities of the Wayuu in the functional requirements of the product, 
thus incorporating the identity of the users in the design of the desalination still. 
In addition to implementing systems that do not rely on electricity or any other 
source of power to function, the selected concept represents the most viable 
proposal to be presented as a result of this project. 
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7 Final Design Proposal 
 
This chapter includes the description of the design proposal, communication 
tools such as CAD renderings and blueprints are included as well as graphic 
diagrams to explain the functions of the system. In addition, a life cycle 
Assessment of the proposal is presented to validate the use of each component 
and assess the systems general environmental impact.  

7.1 General Description 
 
The design proposed is an initial configuration for a desalination system of low 
production, specifically designed for La Guajira in Colombia. This product is 
aimed for use in Wayuu Rancherias, as such, it is a simple and understandable 
system which integrates local materials and crafts for functional purposes.  
The configuration of the desalination system consists of three different systems 
that work in unison to desalinate water and are as follow: 

- Input water system 

- Evaporation system 

- Condensation system 
 

The Input Water System integrates a set of components that allow an automatic 
refilling of the evaporation chamber. Following, the input water goes into the 
Evaporation system, as the name implies, this system is where saline water 
evaporates due to the thermal conductivity of the copper tube and insulation 
system. Finally, the water vapor is then pushed into a condenser where pressure 
and temperature are lower than the evaporation chamber resulting in the 
condensation and collection of desalinated water. The final design solution is 
presented in Figure 33 and an exploited view of the components that integrate it 
is shown in Figure 34.  
 
The water obtained from this system can be used for human consumption, 
although for its optimal quality minerals have to be added. Nonetheless, it can 
also be used to clean clothes and utensils, given that desalinated water can 
improve the hygiene of cooking processes and products.  In addition, using the 
output water for bathing or wound cleaning can reduce the risk for infections 
and illness.  
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Figure 34. Final Design Proposal, exploited view of components 

Figure 33. Final Design Proposal 
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7.2 Technical and Descriptive Product Specification 
 
As stated previously in the report, the proposed system is divided into sub-
systems for efficiency purposes. A technical and descriptive specification by sub-
system is stated below, in which each component is shown with its specific 
nomenclature, material, quantity, and production process. This classification will 
be used to specify and guide the production of the proposal as well as a form of 
communication of the design. In addition, blueprints for the proposed design can 
be found in Appendix E. 
 

7.2.1 Water Input System  
 
The Input Water System, illustrated in Figure 35, begins with a hose and tank 
nipple that can be connected to any water container or source given that the 
system boundary begins with the desalination basin, in this case, the copper 
tube. Accordingly, the existing containers have to be perforated to connect the 
hose that will provide water to the system, in order to connect them, tank 
nipples and O-rings will be located in all unions to avoid any leakage. 
 
The use of a floating valve will allow water flow up to one-fourth of the tube and 
prevent overflow while also sealing the entrance of water and water vapor 
escape. In addition, this component enables an automated refilling of the tube 
once the saline water is evaporated, preventing any errors from the user's lack of 
ability or knowledge while filling the tube, it also does not require the user to 
have a constant supervision of the desalination still. Table 10 describes each 
component in this system.  
 
Table 10. Water Input System Technical Description 

Component Code Quantity Material Process 

Tank Nipple 1 ½” WIS-02 1 PVC Plastic injection 

Connector hose 1 ½” WIS-03 1 PVC Plastic injection 

Float Valve WIS-04 1 ABS and Polyethylene. Plastic injection 
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Figure 35. Water Input System, exploited View 

 

7.2.2 Evaporation System  
 
The evaporation system is composed of an evaporation chamber, an insulation 
system, and a supporting structure, the specified components are shown in table 
11. The main functional objective of this system is the evaporation of input saline 
water and makes use of the high thermal conductivity of copper by 
implementing a tube as a solar collector and basin. The use of a copper tube is 
permissible for it is resistant to corrosion and is nontoxic, having applications in 
food preparation equipment (Escarzaga, 1997). 
 
Solar radiation will be received by the outer face of the copper tube, 
subsequently transferring heat to the water inside enabling its evaporation. 
When the contained water is evaporated it increases the pressure inside the 
sealed tube, as a result, the compressed vapor will be ejected under pressure 
through a connecting hose into the condenser following the theory of Mechanical 
Vapor Compression (MVC). The implementation of this evaporation system 
improves the thermal efficiency of the entire desalination still, for it prevents 
water vapor to condense in the evaporation chamber.  
 
Furthermore, to prevent heat loss in case of wind or humidity in the 
environment, the use of sedimentary sand and wool and cotton textile retain 
heat conducted through the copper tube and increase the evaporation rate inside 
the tube. This insulation consists of a knitted container which in addition to its 
thermal properties will retain the sedimentary sand (Figure 36).  
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Figure 36. Copper tube, Sand and Textile container 

This type of sand, as stated before has a low heat transfer coefficient, which 
enables the retention of heat transferred through the copper tube for long 
periods, reducing energy loss. The quantity of sand used is obtained by 
calculating the container area of the knitted textile. 
The mentioned components are held together by a metal structure, which 
provides stability and height needed to transfer vapor into the condenser 
without presenting the risk of water overflowing into the evaporation tube. 
 

 
Table 11. Evaporation System Technical Description 

Component Code Quantity Material Process 

Copper Tube 4” ES-01 1 Copper Metal Extrusion 

Copper Reducer 4”-2” ES-02 1 Copper Metal die cutting 

Copper Reducer   2”- ½” ES-03 1 Copper Metal die cutting 

Crushed Wash Sand ES-04 5 kg Sand - 

Knitted Textile ES-05 1 Wool and Cotton Hand knitted 

Base ES-06 1 Square profile 1/2x ½ 
Steel bar 1/2" 

Smith work and 
welding 

Nuts and Bolts ES-07 8 Steel Commercial Part 
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7.2.3 Condensation System 
 
This sub-system comprehends the condensation of water vapor and the 
collection of the resulting desalinated water. The water vapor produced in the 
evaporation chamber due to the high pressure created in the copper tube moves 
through a gas connector plugged into the tubes’ end reducer. This movement is 
based on the effect of compressed vapor and how it pushed through reduced 
areas into greater containers of lower pressure (Al-Juwayhel et al., 1997). The 
reduced area, in this case, the hose connector will lead the vapor into a water 
tank, expanding the area to decrease the pressure and thus enabling the 
condensation at a faster rate. Additionally, to prevent output water from 
evaporating due to the exposure of high temperatures and solar radiation, a Pot-
in-pot effect is implemented in the collection container.  
 
This effect works on the evaporative cooling principle and makes use of a small 
clay container inside a one of bigger size, the annular space between the 
containers is then filled with clay or humid sand. This set up results in convective 
and radiative heat transference from the hot and dry environment which 
evaporates the humidity in the clay or water in the sand, resulting in a cooling 
effect inside the inner container (Date, 2012).  In this case, the effect is created 
by filling the area of the annular space of two plastic containers with Gypsum 
powder plaster; such are results in the use of 7 kilograms of cast lining. The 
cooling effect and the use of water vapor under pressure results in an increase of 
efficiency in water condensation and collection in the same container yet 
separated from the evaporation chamber avoiding energy loss.  The resulting 
water is collected in the condensing inner container allowing the user to retrieve 
it using a water pump (Figure 37), the components of this system are described 
in Table 12 and shown in Figure 38. 
 
Table 12. Condensation System Technical Description 

Component Code Quantity Material Process 

Tank Nipple CS-01  1 High Density Polyethylene  Plastic injection 

Tank Nipple  CS-02 1 PVC Plastic injection 

Gas connector hose CS-03 1 ABS and Polyethylene. Plastic injection 

Outer Container CS-04 1 High Density Polyethylene  Rotational molding 

Inner Container  CS-05 1 High Density Polyethylene  Rotational molding 

Cast Lining CS-06 7 Kg. Gypsum powder plaster  Molding 

Hand Pump CS-07 1 Polyethylene Plastic injection 
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Figure 38. Condenser System Exploited view 

 
 

Figure 37. Desalination system and human scale 
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7.3 Water Output Calculations 
 
Although the proposed system cannot be tested in the environmental conditions 
it is aimed at performing in, an approximate calculation of the water input and 
output ratio was made. A great part of the configuration of the design is based on 
existing commercial components and how well they adapt to required 
specifications. Correspondingly, the amount of water introduced in the 
evaporation chamber cannot exceed 2.5cm (Arunkumar, 2013) for efficiency 
purposes, thus the amount of water introduced in the tube is needed to assure it 
does not exceed 2.5cm of depth.  
 
The calculation to obtain said volume is as follow: 
 

V=h (r2)4 
  
Where one tube with a diameter of 10 centimeters per one meter of length will 
contain 1.962 Lt in 2.5 cm of depth. According to literature, the typical basin still 
produces on average 3 liters of purified water per day per square meter of solar 
irradiation area (Ahsan et al., 2014). This project does not consist of a typical 
basin still, however, this calculation can provide an approximation of the 
expected performance of the system. 
 
In order to calculate the solar irradiation area of the tubular still, the exposed 
surface area of the copper tube is calculated by: 
 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 = 2𝜋 (𝑅)(ℎ) 
 

R Radius of cylinder 5 cm 

h Length of tube 1 m 

 
The total solar irradiation area of the tubular still is then 1.5 m². Therefore, if 
according to literature a still produces 3 liters of purified water per day per 
square meter of irradiation area, the proposed solar still has an assumed daily 
production of water of 4.7 liters per day. A full description of the calculations can 
be found in Appendix F. However, this calculation cannot determine the amount 
of daily output since function tests cannot be made given the development time 
and distance from the La Guajira. 
 

7.4 Sequence of Use 
 
The design of this system does not only rely on the functional requirements of 
the desalination still, it also takes into account the feasibility of materials, 
production, and distribution in the location of use. Therefore, the product is 
proposed in a set of ready to assemble components in addition to the difficulty of 
transportation and lack of proper roads in La Guajira.  
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Proposing a ready to assemble product facilitates distribution and reduces the 
number of resources needed for transportation. As stated by Ankarstiftelsen, this 
product is most likely to be donated and then distributed and assembled by 
volunteers or the final users, the product only requires eight nuts and bolts to be 
assembled.  
Once set up, the functional process can begin, and as explained in section 7.2, it 
consists of introducing water through a hose into in a copper tube (Figure 39).  
The outer surface of the tube collects sun rays, raising its temperature which is 
maintained and stored as heat by the sand and textile (Figure 40) resulting in the 
evaporation of the water contained inside (Figure 41).  
 

Figure 40. Solar Collection and Heat storage 

Figure 39. Water input system to cooper tube 



 55 

 

Figure 42. Flow of vapor into condenser 

Figure 41. Evaporation of water inside the tube 
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The temperature and tightness of the evaporation system creates water vapour 
pressure, forcing it to flow through a gas connector hose (Figure 42) and into the 
condenser. Once the vapour is inside de condenser, it expands on the container 
surfaces which are kept cool via pot-in-pot system, resulting in the condensation 
and collection of desalinated water (Figure 43). The user can then access the 
resulting water with the use of a hand pump.  
 
As the calculations of water output state, the system is assumed to produce 4 
liters of potable water per day, which, although enough for one person, the 
system aims at being able to provide for one entire family in La Guajira. Given 
that the Wayuu live in communal lands as an extended family, it is difficult to 
determine the average number of members in one family. Having said this, the 
system is required to be modular and able to be set up in a way that allows any 
needed number of stills to be arranged depending on the number of members in 
each Rancheria. This arrangement (Shown in Figure 44) considers individual 
containers for each still, however, individual stills can also be plugged into one 
larger condenser in a circular arrangement, reducing the number of individual 
condensers by creating one communal water output container.  
The length of the tubular copper still can also be increased to produce more 
water in individual stills, by increasing the length however, the distribution of 
the desalination systems will increase in price requiring a larger transport or 
higher number of travels given they will occupy more space in the transport.  

Figure 43. Condensation and collection 
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On the other hand increasing the length could also potentially represent a 
reduction of production costs given that the original copper tube will require 
less numbers of segments to be produced. The possibility of increasing the 
length can be assessed by conducting user research and evaluating the existing 
transportation methods in the region to conclude if this variation is a more 
suitable solution to cater the needs of the Wayuu family lifestyle. 
 

 
Figure 44. Arrange of desalination systems 

 

7.5 Life Cycle Assessment 
 
Consideration of the environmental impact the components, fabrication, and use 
of a product along the design process should be a requirement of any project 
involving product development. Evaluating the use of materials and their life can 
significantly reduce the probability of products ending as landfills, therefore, 
minimizing the negative impact it has on the environment (Klöpffer, 1997).  
 
Life Cycle Assessment is an evaluation of the inputs and outputs of a product 
throughout its life cycle considering the environmental impacts and potential use 
after it is disposed of (ISO, 2006). This evaluation is relevant for it increases the 
understanding of a product from its production chain to the relationship 
between its parts (Finnveden et al., 2009). It also enables the visualization of the 
relationship between components, their materials and their specific function in a 
product in order to assess their environmental impact. This analysis takes into 
consideration all the phases in the life of a product, such as raw material 
extraction, manufacturing processes, packaging, distribution, useful life of the 
product and its disposal. A detailed LCA for each component of the proposed 
desalination system can be found in Appendix G. 
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This type of assessment shows only qualitative results (Bovea & Gallardo, 2006), 
in order to validate the Life Cycle Assessment CES Edu Pack, an educational 
program for sustainable material selection, was implemented to obtain 
quantitative data regarding environmental impact in terms of energy use and 
CO2 footprint. Figure 45 shows the overall assessment of the product obtained 
from CES Edu Pack. 
 
The environmental impact of a product not only depends on the selected 
materials and their individual impact, rather it contemplates the entirety of the 
product and the potential use of each component after its functional life.  In this 
case, the CES Edu Pack evaluation shows how some of the selected materials 
have a major impact on the environment such as epoxy adhesives and landfilled 
gypsum powder. However, their selection cannot be at this point of the project 
substituted for they represent key elements in the goal of the performance of the 
system. 
 
Furthermore, the estimated product's life according to the stated life span of the 
components in their specification provided by the distributors is in average 10 
years, thus not requiring replacement of components if they are not broken or 
damaged by the user. The long life span and the use of solar radiation as the only 
energy source, represent no emission during its useful life. This sustainable 
proposal of a desalination system considers also the use of locally available 
materials and practices thus reducing the transportation and packaging required 
for production. 
 

Figure 45. CES Edu pack Evaluation 
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7.6 Conclusion and Future Improvements  
 
The design of any product aimed to be used in developing communities has to be 
simple to understand and integrate traditional archetypes as well as local 
materials and processes allowing the understanding of the product and how it is 
used by the community. The resulting design is an initial function concept that 
aims to create a much-needed solution for potable water scarcity in La Guajira, 
which in addition to providing water for human consumption is also adequate 
for the location and culture of the users.  
 
The use of locally available materials and the use of only solar radiation as the 
source of power creates an independence of electricity, such characteristics of 
the product also reduce the cost per unit. Introducing traditional practices in the 
production of the desalination system, such as the woven textile, results in a 
sense of identity and belonging with the users, reducing, in consequence, the 
probability of refusal or misuse of the product. Even though the requirements 
related to the user and context are considered fulfilled by the design proposal, 
they are not reliable for they have not be tested by users. The same applies to the 
functional specifications, the resulting proposal has yet to be built and tested 
under real or similar environmental conditions as La Guajira to assess the 
efficiency and determine if it complies with the design specifications.  
 
Furthermore, the resulting proposal needs to be improved by a series of 
iterations in the design process in order to fully comply with the user 
requirements and context and be considered a proper solution. The presented 
design is only a first approach to the solution required and is still in an 
evaluation phase. For example, the initial function analysis concluded on the 
exclusion of the initial water container form the system boundary. However, 
after much consideration of the best possible solution and analysis of the 
resulting product, it is important to include this container in order to assure a 
proper water flow into the evaporation system.  
 
Currently, the proposed solution includes a connector hose and tank nipples that 
can be installed to any water container already owned by the user, yet this 
results in the connection of the hose in an inconvenient level, causing the water 
flow into the evaporation system to be unreliable. If the connection is made at a 
lower level, the hose will bend upwards in order to reach the desalination still, 
requiring the initial container to be full for water to be able to travel to the 
copper tube.  
 
On the other hand, if the connection is made at a higher distance in the container 
as to level with the copper tube, the majority of the contained water in the initial 
tank will not be used since it will be under the connecting hole. If this 
consideration is further developed, a new design of the base would be needed to 
include an elevation of the initial container. Additional considerations regarding 
the possible risk in this improvement are required to avoid possible collapse or 
tilting of the water feeding container.  
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Nevertheless, the design proposal presented in this report is the result of a 
mixture of methodologies applied to design a water desalination system for La 
Guajira considering the time given for development and the distance from the 
users. As mentioned before, the system proposed is a first function concept 
which still needs to be tested, improved and evaluated to reach a functional and 
successful product-based solution.  
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8 Discussion 
 
The Development of this project in cooperation with Ankarstiftelsen provided an 
initial approach to the role of design in social development areas which 
presented certain limitations in the elaboration of a solution given the 
vulnerability of the target user.  An important aspect of social projects, more 
than in any other product development, is active user participation and 
evaluation given that the user acceptance and understanding is key to the 
success of the product.  
For example, in this case, the functional problem can be stated as the need for a 
water desalination system, yet the conditions under which the product will be 
used requires the inclusion of a water collection system that integrates the 
available resources and culture of the Wayuu.  
 
Ankarstiftelsen is an organization that works through donations and 
volunteering, in other words, people from any professional background can 
participate in the development and realization of their many projects. This 
structure of volunteering is not applicable to the project given that this 
particular product-based solution requires the participation of users in the 
production, set-up, and maintenance of the desalination system in order to 
assure an understanding and acceptance by the community.  
 
The user participation in the production and assembly requires the construction 
sequence to be simplified to be produced by the Wayuu. The resulting proposal 
as a result of this implements adhesive welding in copper parts instead of 
welding. This last method although it can be made gas proof requires experience 
in practice and specific tools. In addition, the proposal is aimed at being 
produced with commercially existent components and does not require unique 
parts to be produced aside from the woven textile and base, which can be built at 
any blacksmith workshop. Still, direct user research is needed to conclude on the 
most proper assembly method and set up to be used by the Wayuu and the 
available resources in La Guajira.  
 
Even though this product base solution is not aimed at being a high production 
system, the production requirements and viability have to be assessed for a 
low/medium production, thus not requiring industrialize processes or detailed 
components. Moreover, the cost of production of the proposal is estimated by 
prices found online in retail hardware stores available in Colombia, this 
estimation does not consider possible lower prices that can be found in local 
hardware stores (Cost estimate found in Appendix H).  
 
In addition proper user research and input throughout the design process is 
needed to create an adequate product. During the user research it was initially 
planned to carry out user diaries, but given the difference and difficulty of 
communication with the communities in La Guajira, the information had to be 
obtained from existing documentaries, interviews, reports and statistical data 
from the Colombian government.   
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Said difficulty to establish communication with users, resulted in only one 
interview which in addition to the documentaries and statistical data, is not a 
reliable source of user research and conclusions. In order to fully assess the 
culture and conditions of the users, proper observation methodologies need to 
be carried out. 
 
Moreover, the development of a proper and successful design requires technical 
knowledge in water processes, desalination principles, and technology, for this 
reason, the participation of multidisciplinary members in the project would be 
beneficial. With this, the level specificity of the specification table would have 
been increased and possibly led to the use of more technological materials and 
process to obtain a more efficient and innovative desalination system. The 
current specifications are in a general level aimed at guiding the development of 
an initial proposal for a solution which once tested in the correct environmental 
conditions needs to be evaluated regarding the quality of water produced from it 
and would have to be constantly checked to ensure clean and potable water with 
the use of Refractometers. 
 
The generation phase of this design process was defined by the initial literature 
review and benchmarking analysis to conclude on existing and tested 
desalination methods that could be implemented in the solution, given that 
proper functionality test could not be fully reliable. This limitation did not allow 
a wide exploration of all the possible solutions that could be used in the 
development of a desalination system for La Guajira.  
 
Furthermore, the evaluation phase is a compilation of assumptions and 
calculations based on existing tests and only provide an estimation of the 
performance the resulting system could have once built and tested. During the 
concept evaluation, certain prototype tests were made but did not provide 
enough measurable data to assess the performance of the systems tested due to 
the complexity of simulation the necessary environmental conditions need for 
solar desalination during the Swedish winter months. As a last resource to prove 
the primary function of the selected final concept, a functionality test was 
performed, however it was not a proper representation of the materials, 
assembly or environmental conditions of the real product. However it only 
aimed to test the water vapor behavior under pressure and given the time left to 
develop the project, only one test was performed.  
 
Nevertheless, the goal for this project is to provide an initial proposal for a 
sustainable desalination system with the given time for development and 
resources available, regardless of the limitations the resulting proposal 
represent one step towards the creation of a proper and satisfactory system for 
water desalination that can be implemented in communities across La Guajira. 
 
 
 
 
 
 



 63 

9 References 
 

Aghaei Zoori, H., Farshchi Tabrizi, F., Sarhaddi, F. and Heshmatnezhad, F. (2013). 

Comparison between energy and exergy efficiencies in a weir type cascade solar 

still. Desalination, 325, pp.113-121. 

 

Ahsan, A. and Fukuhara, T. (2010). Mass and heat transfer model of Tubular Solar 

Still. Solar Energy, 84(7), pp.1147-1156. 

 

Ahsan, A., Imteaz, M., Thomas, U., Azmi, M., Rahman, A. and Nik Daud, N. (2014). 

Parameters affecting the performance of a low cost solar still. Applied Energy, 114, 

pp.924-930.   

      

Ahsan, A., Islam, K., Fukuhara, T. and Ghazali, A. (2010). Experimental study on 

evaporation, condensation and production of a new Tubular Solar Still. Desalination, 

260(1-3), pp.172-179. 

 

Al-Juwayhel, F., El-Dessouky, H. and Ettouney, H. (1997). Analysis of single-effect 

evaporator desalination systems combined with vapor compression heat pumps. 

Desalination, 114(3), pp.253-275. 

 

Anon, (2007). In: Human-system Integration in the System Development Process. 

National Academies Press. 

 

Arunkumar, T., Vinothkumar, K., Ahsan, A., Jayaprakash, R. and Kumar, S. (2012). 

Experimental Study on Various Solar Still Designs. ISRN Renewable Energy, 2012, 

pp.1-10. 

 

Bovea, M. and Gallardo, A. (2006). The influence of impact assessment methods on 

materials selection for eco-design. Materials & Design, 27(3), pp.209-215. 

 

Coyne, K. and Coyne, S. (2011). Brainsteering. New York: Harper Business. 

 

Cross, N. (2008). Engineering Design Methods. 4th ed. Chichester: John Wiley & Sons 

Ltd.  

 

DANE (2018). Atlas Estadístico de Colombia. [online] Available at: 

http://sige.dane.gov.co/atlasestadistico [Accessed 26 Apr. 2018]. 

 



 64 

Date, A. (2012). Heat and mass transfer analysis of a clay-pot 

refrigerator. International Journal of Heat and Mass Transfer, 55(15-16), pp.3977-

3983. 

 

Energy (2018). Insulation Materials | Department of Energy. [online] Available at: 

https://www.energy.gov/energysaver/weatherize/insulation/insulation-

materials#natural [Accessed 2 May 2018]. 

 

Erlhoff, M. and Marshall, T. (2007). Design Dictionary: Perspectives on Design 

Terminology. Basel : Birkhäuser. 

 

Escarzaga, E. (1998). Copper. IEEE Potentials, 17(1), pp.19-22. 

 

Explain that Stuff. (2018). How do dehumidifiers work? [online] Available at: 

http://www.explainthatstuff.com/dehumidifier.html [Accessed 14 Mar. 2018]. 

 

Faulkner, X. (2000). Usability engineering. Houndmills, Basingstoke [etc.]: Palgrave.  

 

Fcubed (2018). Solar Desalination | Modular Solar Panels | Solar Water Processors. 

[online] Available at: http://www.fcubed.com.au/aspx/carocell-panels.aspx 

[Accessed 14 Mar. 2018]. 

 

Finnveden, G., Hauschild, M., Ekvall, T., Guinee, J., Heijungs, R., Hellweg, S., Koehler, 

A., Pennington, D. and Suh, S. (2009). Recent developments in Life Cycle 

Assessment. Journal of Environmental Management, 91(1), pp.1-21. 

 

Gabrielediamanti. (2018). eliodomestico: Gabriele Diamanti | designer. [online] 

Available at: http://www.gabrielediamanti.com/projects/eliodomestico [Accessed 14 

Mar. 2018]. 

 

Goodman, E., Kuniavsky, M. and Moed, A. (2012). Observing the user experience. 

Burlington, MA: Elsevier Science.  

 

Ismail, B. (2009). Design and performance of a transportable hemispherical solar still. 

Renewable Energy, 34(1), pp.145-150. 

 

International Organization for Standardization ISO. (2006). ISO 14040. Environmental 

management- Life cycle assesment- Principles and framework. 

 

Joshi, S. and Jani, A. (2015). Performance of Sand for Heat Storage in Solar 

Cooker. Journal of Environmental Research and Development, 10(02). 



 65 

 

Kirilenko, A. and Lo, A. (2013). Moore's Law vs. Murphy's Law: Algorithmic Trading 

and Its Discontents. SSRN Electronic Journal. 

 

Klöpffer, W. (1997). Life cycle assessment. Environmental Science and Pollution 

Research, 4(4), pp.223-228. 

 

Lindblom, J. (2011). Solar Thermal technologies for Seawater Desalination: state of 

the art. Luleå University of Technology. 

 

Lof, G. (1961). Fundamental Problems in Solar Distillations. Proceedings of the 

National Academy of Sciences, 47(8), pp. 1279-1290. 

 

Manchanda, H. and Kumar, M. (2015). A comprehensive decade review and analysis 

on designs and performance parameters of passive solar still. Renewables: Wind, 

Water, and Solar, 2(1). 

 

Martin, A. (2015). Don't drink water from your dehumidifier. [online] Stanford 

Univeristy. Available at: 

https://alumni.stanford.edu/get/page/magazine/article/?article_id=29155 

[Accessed 26 Apr. 2018]. 

 

Martin, B. and Hanington, B. (2012). Universal methods of design: 100 Ways to 

Research Complex Problems, Develop Innovative Ideas and Design Effective 

Solutions. Beverly, Mass.: Rockport Publishers. 
 

Mehta, A., Vyas, A., Bodar, N. and Lathiya, D. (2011). Design of Solar Distillation 

System. International Journal of Advanced Science and Technology, 29(1). 

      

Phys (2011). Portable solar device creates potable water. [online] Available at: 

https://phys.org/news/2011-03-portable-solar-device-potable.html [Accessed 30 

Apr. 2018]. 

 

Reali, M. and Modica, G. (2008). Solar stills made with tubes for seawater desalting. 

Desalination, 220(1-3), pp.626-632. 

 

Reverol Paz, C. (2014). La Sociedad Wayuu: Modo de Vida y Principios 

Consuetudinarios en el contexto Republicano. Universidad del Zulia, Maracaibo. 

 

Serrada Romero, C. (2009). El Textil Wayuu como Medio Experesivo en una 

Propuesta Plastica Personal. Bachelor. Universidad del Zulia. 



 66 

 

Shankar, R. (2014). Fundamentals of Physics: Mechanics, Relativity, and 

Thermodynamics. New Haven: Yale University Press. 

 

Strauss, G. (2016). No Electricity? A Low-Tech System Keeps Things Chilled. National 

Geographic. [online] Available at: 

https://news.nationalgeographic.com/2016/12/mohammed-bah-abba-explorer-

moments-cooling-technology-helping-Africans/ [Accessed 2 May 2018]. 

 

Tiwari, G. and Sahota, L. (2017). Review on the energy and economic efficiencies of 

passive and active solar distillation systems. Desalination, 401, pp.151-179. 

 

Unger, R. and Chandler, C. (2012). A project guide to UX design. Berkeley, Calif.: New 

Riders. 

 

Velmurugan, V., & Srithar, K. (2011). Performance analysis of solar stills based on 

various factors affecting the productivity—A review. Renewable and Sustainable 

Energy Reviews, 15, 1294–1304. 

 

Wilson, C. (2013). Interview techniques for UX practitioners. Waltham, MA: Morgan 

Kaufmann. 

 

World Health Organization (2012). World Health Statistics 2012. Switzerland: WHO. 

 

Wu, D. D., Kefan, X. , Gang, C. and Ping, G. (2010), A Risk Analysis Model in 

Concurrent Engineering Product Development. Risk Analysis, 30: 1440-1453. 

doi:10.1111/j.1539-6924.2010.01432.x 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

https://doi.org/10.1111/j.1539-6924.2010.01432.x


 67 

10 Appendices 
 

10.1 Appendix A 
 
Semi structured Interview 
 
Interviewer: Lucero Gutierrez Hernandez 
Note Taker: Wenny Ramirez Garcia 
Interviewee: Rita Uriana 
 
Setting: Interview conducted via telephone in the Library of the University of Skövde 
to La Guajira, Colombia.  
Affiliation with interviewee: Rita Uriana has been an active member with 
Ankarstiftelsen to better the living conditions of communities in La Guajira.  
 
Interview 
 
- Which areas in La Guajira have you been more involved with and what are their 
living conditions in your perspective? 
I have been actively involved in the education programs and sustainable 
development in the southern regions of La Guajira. Most of the communities across 
La Guajira live in vulnerable and extreme poverty situation. 
- Approximately how many people live in each Rancheria? 
There is no precise number of habitants per Rancheria, Wayuu people are organized 
in clans and have from 300 to 400 families per clans. Each Family lives in their 
Rancheria and are not determined by the typical nuclear family, rather they are 
extensive.  
- A typical family is composed of how many members?  
In reality families are extensive and generally composed of 10 to 12 nuclear families.  
- What are the typical or most common economic activities of the Wayuu? 
They are mostly dedicated to fishing and hunting, although recently many are 
employed in desalination plants which are dedicated to the extraction of salts for 
commercial purposes. However they also rely on the commercialization of their arts 
and crafts.  
- How is the educational system organized in La Guajira? 
A couple of years ago it was inexistent, many of the older generations have no 
education whatsoever, and they only speak Wayuuniaki, their native tongue. 
Recently we have made progress in recent years with education by building schools 
in which the younger generations can learn Spanish and finish elementary school, 
still only about 10% of kids finish their primary school.  
- Is it common for people to interact with electronic devices or is there a rejection 
to new technology? 
Some communities, mostly in the south are more likely to be near urban areas and 
thus have access to electronic devices or home appliances, but the rest of the 
population does not, at most some have cellphones but they are not useful since 
reception in La Guajira is extremely low. 
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- We know there is a limited access to potable water in La Guajira, we would like to 
know what the main concerns people have when obtaining water are. 
There are some big desalination plants that use reverse osmosis, mostly in the 
southern peninsulas, these plants supply potable water to nearby communities by 
producing around 10 thousand liters daily. Although the production varies 
depending on the climatic conditions. Communities that are relatively near these 
plants have to travel to them in order to collect 80 liters daily, sometimes requiring 
two or three travels per day.  
- Where is water obtained from in communities that are not near big desalination 
plants? 
It really depends on the community, some of them have dug into the soil in order to 
reach underground deposits or have wells (Figure 46) some have ponds or juagueys 
(Figure 47) which are some sort of ponds but the water on any of these sources is 
salted or brackish. Since these communities have to travel farther to a potable water 
source they sometimes have to drink or use salted water to prepare food, 
sometimes they boil it but it takes a lot of time and a lot of water is wasted. 
Sometimes certain organizations have managed to provide water containers and in 
some occasions deliver potable water to some communities via water pipes )Figure 
48) 
 

 
 

Figure 46. Water Well. Photo obtained from Rita Uriana. 
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Figure 47. Juaguey. Photo obtained from Rita Uriana 

Figure 48. Water supply via Pipes. Photo obtained from Rita Uriana 
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Are there any current water projects working in the area? 
There have many projects, including those that resulted in the construction of 
desalination plants that use reverse osmosis, but they only supply water to a few 
communities. Some projects do not consider that the Wayuu do not speak Spanish 
or even write their own language and they end up not being used. 
 Why do you think they result in being not used? 
Because they are not focused on vulnerable communities that have very limited 
resources, projects that have been successful work directly with the communities in 
order to evaluate the real conditions and implement systems that work with the 
people. 
Thank you for your time and for the information. 
You’re Welcome and thank you for taking interest in the project.  
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10.2 Appendix B 
 
Empirical Studies 
 

What needs to be tested? 

Desalination system in a controlled Environment and the time it takes for a 
certain amount of water to be desalinated in a room temperature of around 22 to 
30 degrees Celsius. 
 

Why are we testing it? 

To decide which combination of materials or systems of desalination provide a 
higher chance of success in the project, meaning the most production of water in 
the less amount of time and with the less use of energy. 
 

How will it be tested? 

Characteristics:  
Average temperature of: 22 and 30 degrees Celsius in a controlled environment, 
the temperature is reached with the help of a heater in a closed room. 
Measure: 

- Constant room temperature 

- Water temperature 
- Time for water to start evaporating 
- Time for first condense water to be collected 
- Total time for water evaporation 
- Amount of water introduced 
- Amount of water obtained 
- Ration of water input and output 

 
Variations 

- Condensing surface: plastic and glass. 
- Reflective or heat absorbent material 
- Use of wicking 

 
 
Simulation 1 
 
#1 - Represents a combination of a metal container with glass condensation surface 
#2 - Represents a combination of a metal container with a metal condensation 
surface 
#3 - Represents a combination of Plastic Container and condensation surface with 
the use of wicking cotton textile inside the still.  
Table 13 shows the results of this simulation. 
 
The time for condensation was considered as the moment in which the first 
condensed water is collected, the three simulations after one hour did not result in a 
measurable amount of water. They were left for several hours to assure the system 
did not need more time and the results were the same, no measurable amount of 
water was collected. 
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Table 13 Simulation 1 results 

Number 
of test 

Room 
Temperature 

Water input 
quantity 

Time for 
evaporation to 

happen 

Time for 
condensation 

to start 

Amount of Water 
collected after one 

hour 

#1 23 °C 2 liters 15 minutes 16 minutes - 

#2 23 °C 1 liter 10minutes 18 minutes - 

#3 23 °C 1 liter 8 minutes 20 minutes - 
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10.3 Appendix C 
 
Purpose of the test: Prove that water vapor will flow horizontally from a 
container of high temperature through a connecting pipe into a container of 
lower temperature given the high pressure created on the initial container.  
 
How will it be testes: A sealed glass container with water inside will be heated 
via water vapor in order to enable evaporation inside the container, the vapor 
will then travel through a connecting pipe on one end of the glass tube into a 
plastic container maintained at a lower temperature than the glass container. 
 
During the test, the water input, time for evaporation to happen, time for vapor 
to move through the pipe and condense into the second container will be 
measured.  The results of the test are as shown in Table 14. 
 
Table 14 Simulation 2 Results 

Number 
of test 

Water input 
quantity 

Time for 
evaporation to 

happen 

Time for vapor 
to form in the 

pipe 

Time for water 
to travel into the 
second container 

#1 25 ml 30 seconds 5 minutes 7 minutes 

 
Although this principle is supported by literature and thermodynamic theories, it 
was necessary to create a simulation to prove this basic function in order to apply it 
into the development of the product and assure a probability of success.  
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10.4 Appendix D 
 
Risk analysis Results. RPN stands for Risk Priority Number  

instructions Intructions. 
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10.5 Appendix E 
 
General Blueprints generated with SolidWorks 2015 
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10.6 Appendix F 
 
Amount of Water Input  
 
Given that the copper tube is 4” in diameter and following: 
 

𝑽 = 𝒉(𝝅𝒓𝟐) 
The resulting volume for the tube is: 

𝑉 = 100(3.14(52)) 

Where V= 78.50 m^3, the allowed maximum depth for a high efficient desalination 
still is 2.5 cm, by dividing the tube in four equal parts it results in 2.5cm parts. Then 
the Volume for one fourth section of the tube is then: 

7.850

4
= 1.96 𝑙𝑖𝑡𝑒𝑟𝑠 

 
Amount of Water Output  
 
The daily water output is unable to be calculated given the difficulty to simulate 
similar environmental conditions, however according to other literature, the typical 
basin still produces on average 3 liters of purified water per day per square meter of 
solar irradiation area (Ahsan et al., 2014). This project does not consist of a typical 
basin still, however this calculation can provide an approximation of what is 
expected of the system. 
 
The area of the copper tube exposed to sun light, this area was calculated by: 
 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 = 2𝜋 (𝑅)(ℎ) 
 

R Radius of cylinder 5 cm 

h Length of tube 1 m 

 
The total solar irradiation area of the tubular still is 3.141 m^2 but when supported 
by the textile only one half is exposed resulting in a 1.5705m^2. Therefore, the 
resulting water produced daily would be 4.7115 liters of water. This data cannot be 
proven correct and relies on existing studies and assumptions based on a typical 
basin still.  
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10.7 Appendix G 
 
Life Cycle Assessment.  
The assessment was made with the following graphics showing each stage of the life 
of the component. 
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10.8 Appendix H 
 
Cost Estimate 
 
 


