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Resumen
Esta tesis es el resultado de una colaboración academica durante un semestre de intercambio estudiantil en-
tre la Universidad Nacional Autónoma de México, la Universidad Högskolan I Skövde localizada en Skövde 
5WGEKC�[�NC�QTICPK\CEKÎP�#PMCTUVKHVGNUGP��.C�QTICPK\CEKQP�#PMCTUVKHVGNUGP�GU�WPC�QTICPK\CEKÎP�UKP�ſPGU�FG�
lucro con la misión de satisfacer las necesidades básicas en comunidades marginadas y en vías de desar-
rollo. Uno de los principales problemas que busca solucionar es el acceso al agua potable en la región de 
.C�)WCLKTC�GP�%QNQODKC��'UVC�EQNCDQTCEKÎP�VWXQ�EQOQ�ſPCNKFCF�GN�FGUCTTQNNQ�FG�WPC�RTQRWGUVC�KPKEKCN�RCTC�WP�
sistema sustentable de desalinización para la obtención de agua potable para el cosumo humano a través 
del uso de energía solar con un costo de producción mínimo.

Debido a la naturaleza técnica del proyecto, el proceso de diseño requirió realizar durante cinco meses in-
XGUVKICEKQPGU�[�GUVWFKQU�UQDTG�NQU�RTKPEKRKQU�FG�FGUCNKPK\CEKÎP�[�UKUVGOCU�FG�RWTKſECEKÎP�FG�CIWC��CUÈ�EQOQ�
revisar y analizar las condiciones actuales referentes a la colección y consumo de agua en La Guajira. A 
través de una selección de métodos de diseño, se desarrolló una primera propuesta de un producto coher-
ente con el contexto y necesidades del mismo. Los cinco meses de trabajo en colaboración con la Universi-
dad de Skövde, la organización Ankarstiftelsen y la comunidad indígena Wayuu en Colombia dieron como 
resultado un sistema sustentable de desalinización de agua salada para la generación de agua potable. 
&KEJQ�UKUVGOC�GU�WPC�EQPſIWTCEKÎP�UKORNG�[�EQORTGPUKDNG�SWG�KPVGITC�OCVGTKCNGU�[�RTQEGUQU�NQECNGU�RCTC�
ſPGU�HWPEKQPCNGU�C�VTCXÃU�FG�VTGU�UKUVGOCU�
5KUVGOC�FG�CIWC�FG�GPVTCFC��5KUVGOC�FG�GXCRQTCEKÎP��5KUVGOC�
de condensación) que trabajan al unísono para desalinizar el agua.
El agua obtenida se puede utilizar para el consumo humano debido a los bajos índices de salinidad, aunque 
RCTC�UW�ECNKFCF�ÎRVKOC�[�ENCUKſECEKÎP�EQOQ�CIWC�RQVCDNG�UG�FGDGP�CITGICT�EKGTVQU�PWVTKGPVGU�[�OKPGTCNGU�
al agua resultante. Sin embargo, también se puede implementar para la limpieza de alimentos y utensilios, 
dado que el agua desalinizada puede mejorar la higiene de los procesos de cocción. Además, el uso del 
agua resultante para el baño personal o la limpieza de heridas pueden reducir el riesgo de infecciones y 
enfermedades. El proceso de diseño, sus limitantes y resultados presentados en Suecia pueden consultarse 
GP�GN�FQEWOGPVQ�CPGZQ�FG�GUVG�TGRQTVG�
R¶IKPC�����

En busca de adecuarse a la misión de la UNAM, este documento presenta un replanteamiento de los re-
UWNVCFQU�QDVGPKFQU�GP�5WGEKC�EQP�NC�ſPCNKFCF�FG�TGCNK\CT�WP�CRQTVG�C�PWGUVTQ�RCÈU��/ÃZKEQ��VQOCPFQ�EQOQ�
referencia los materiales y recusos locales asi  como las condiciones climaticas del pais. 
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El agua potable es una de las necesidades básicas indispensables de los seres humanos, sin embargo, 
FG�CEWGTFQ�EQP�GN�TGRQTVG�FG�NC�1TICPK\CEKÎP�/WPFKCN�FG�5CNWF�GP�������O¶U�FG�WP�DKNNÎP�FG�RGTUQPCU�
en el mundo carecen de acceso al agua limpia y bebible. En comunidades vulnerables o en vías de 
desarrollo como es La Guajira en Colombia e incluso en la region noroeste de México, el agua salada 
representa la única fuente de consumo para un gran porcentaje de la población. Esto implica altos ries-
gos para la salud ya que el consumo de agua salada es una de las principales causas de enfermedades 
agudas y crónicas en países tercermundistas.

%KGTVCOGPVG��FKXGTUQU�RTQEGUQU�RTQXGGP�CNVGTPCVKXCU�RCTC�NC�RWTKſECEKÎP�FGN�CIWC��GP�FQPFG�NQU�O¶U�
GſEKGPVGU�UG�DCUCP�GP�GN�WUQ�FG�GPGTIÈC�GNÃEVTKEC�RCTC�CEGNGTCT�GN�RTQEGUQ�FG�GXCRQTCEKQP��WPC�GZRNK-
cacion y evalucion de los procesos de desalinizacion se puede consultar en el documento anexo pa-
gina.23. Dichos procesos altamente tecnológicos, se vuelven inasequibles para las comunidades que 
más lo necesitan y al mismo tiempo implican una huella ecológica mayor dado que representan altos 
costos de producción y mantenimiento. 

La región de La Guajira como varias regiones de México está mayoritariamente poblada por comuni-
FCFGU�KPFÈIGPCU�[�FG�DCLQU�TGEWTUQU��RQT�NQ�VCPVQ��GN�FGUCTTQNNQ�FG�WP�UKUVGOC�FG�RWTKſECEKÎP�FG�CIWC�
salada debe considerar sus condiciones de vida cotidiana y garantizar altos niveles de productividad 
OCPVGPKGPFQ�WP�EQUVQ�CEEGUKDNG�[�CUK�RQFGT�UGT�KORNGOGPVCFQ�FG�OCPGTC�GſEKGPVG�GP�EQOWPKFCFGU�
vulnerables. Existen diferentes productos y proyectos de desalinización solar que han sido probados en 
comunidades en desarrollo, ya que son una tecnología adecuada para lugares donde el suministro de 
energía eléctrica o el acceso a recursos convencionales es escaso.

Las costas de México así como en La Guajira, cuentan con una fuente abundante de agua salada; sin 
embargo, no puede utilizarse para el consumo humano debido a sus altos niveles de sales. Así mis-
mo, la energía solar es un suministro cuantioso de energía en el país, que al aprovecharla mediante 
NC�KORNGOGPVCEKÎP�FG�WP�UKUVGOC�FG�FGUCNKPK\CEKÎP�UQNCT�RWGFG�TGFWEKT�UKIPKſECVKXCOGPVG�GN�EQUVQ�FG�
obtención de agua para consumo humano. Adicionalmente, el uso de la energía solar implica una inde-
pendencia de las fuentes de energía y garantiza el acceso al agua con un bajo impacto ambiental. Es 
por esto que acontinuacion se presenta el desarrollo de una propuesta del sistema de desalinizacion 
para dar solucion a la problematica antes descrita dentro del territorio mexicano.
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En este documento el replanteamiento del resultado obtenido inicialmente en la tesis realizada en Suecia, 
será enfocado a una region en México, como la zona noroeste, y se tomarán como referencia para el pro-
ceso de diseño. El replanteamiento busca adaptar y mejorar la propuesta inicial a traves de la seleccion de 
OCVGTKCNGU�[�RTQEGUQU�NQECNGU�UKP�OQFKſECT�CSWGNNQU�CURGEVQU�VÃEPKEQU�GP�NQU�SWG�UG�DCUC�GN�HWPEKQPCOKGPVQ�
[�GſEKGPEKC�FG�NC�RTQRWGUVC��

Este planteamiento surge con el propósito de mostrar un breve ejemplo de la capacidad adaptable de la 
propuesta de diseño inicial, la cual debido a la selección de componentes comerciales en su sistema de de-
UCNKPK\CEKÎP�RGTOKVG�WPC�OQFKſECEKÎP�EQP�NC�RQUKDKNKFCF�C�UGT�GUECNCDNG�[�TGRTQFWEKFQ�GP�FKUVKPVQU�EQPVGZVQU�
siempre y cuando las condiciones climáticas sean favorables para la desalinización de agua y los factores 
SWG�EQORTQOGVGP��GN�HWPEKQPCOKGPVQ�[�GſECEKC�FGN�UKUVGOC�UKICP�RTGUGPVGU��#UKOKUOQ�GN�ECODKQ�FG�EQPVGZ-
to también permite la libertad de conceptualizar una propuesta más integrada con mayor variedad de mate-
riales, procesos de produccion y un rango de costo menos limitado. Esto concede tolerancias a la propuesta 
inicial logrando un sistema cohesivo a través del replanteamiento de algunos de sus componentes.

Objetivos

'N�QDLGVKXQ�FGN�RTQ[GEVQ�UG�EGPVTC�GP�NC�HWPEKQPCNKFCF�[�GſEKGPEKC�FG�WP�UKUVGOC��RQT�NQ�SWG�UG�TGSWKTKÎ�NC�
implementación de métodos apropiados que ofrezcan estructura y permitan la creación de restricciones y 
criterios para la evaluación de conceptos. Se entiende por funcionalidad, la desalinizacion del agua sin alter-
CT�NC�EQORQUKEKQP�QTKIKPCN�FGN�UKUVGOC�FG�GXCRQTCEKÎP��OKGPVTCU�SWG�RQT�GſEKGPEKC�UG�GPVKGPFG�GN�KPETGOGPVQ�
teórico de producción de agua del sistema a comparacion del sistema diseñado en Suecia. Los criterios 
GURGEKſEQU�FG�GXCNWCEKÎP�FG�GſEKGPEKC�[�HWPEKQPCNKFCF�FGN�RTQ[GEVQ�UG�RWGFGP�EQPUWNVCT�GP�GN�FQEWOGPVQ�
CPGZQ�
ECRKVWNQ�����

Esquemáticamente, el proyecto se lleva a cabo como una iteracion dentro de las cuatro etapas del modelo 
FGUETKRVKXQ�FG�RTQEGUQU�FG�FKUGÌQ�FG�0KIGN�%TQUU�
�������7PC�FGUETKREKÎP�FGVCNNCFC�FG�NCU�OGVQFQNQIÈCU�
CRNKECFCU�GP�ECFC�HCUG�FGN�FGUCTTQNNQ�UG�RWGFG�EQPUWNVCT�GP�GN�#PGZQ�
ECRÈVWNQ�������'UVC�KVGTCEKQP�TGRTG-
senta una continuación de la metodología original del proyecto para explorar el contexto mexicano. La met-

Metodologia
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odologia del poryecto original comprendio, como se puede observar en la Figura 1, herramientas como 
GPVTGXKUVCU��FGUCTTQNNQ�FG�RTQVQVKRQU�HWPEKQPCNGU�FG�OGECPKUOQU��VCDNCU�FG�GURGEKſECEKQP�[�Life Cycle 
Assesments de los materiales seleccionados para evaluar su impacto ambiental.

'N�UGIWKOKGPVQ�FG� NC�OGVQFQNQIÈC�RCTVG�FG�GP�WPC� KPXGUVKICEKÎP�DTGXG�RCTC� NC� KFGPVKſECEKÎP�FG�WPC�
región con las condiciones climáticas que permitan el correcto funcionamiento del sistema técnico del 
desalinizador. Una vez recopilada la información necesaria de dicho entorno, sesiones de brainsteering 
guiarán la creación de posibles soluciones.

Brainsteering es un proceso de pensamiento guiado por parámetros establecidos para generar concep-
VQU�FGPVTQ�FG�WP�EQPVGZVQ�Q�RTQDNGOC�EQP�HCEVQTGU�SWG�TGUVTKPIGP�NC�IGPGTCEKÎP�FG�UQNWEKQPGU�
%Q[PG�
y Coyne, 2011), como el que se aborda en este replanteamiento del proyecto. Las ideas resultantes 
fueron introducidas a una tabla morfológica para generar propuestas formales, las cuales se evaluaron 
según su adaptación al contexto y cumplimiento con los requerimientos de un sistema más integrado 
visualmente.

Figura 1. Diagrama de metodologia.
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La desalinización es un proceso para separar la sal y otros minerales, como son los cloruros, bicarbon-
CVQU��ECTDQPCVQU��UWNHCVQU��UQFKQ��ECNEKQ��OCIPGUKQ��GPVTG�QVTCU�
(GNKÕ�[�/QTEKNNQ���������FGN�CIWC�UCNKPC�
para que sea aceptable para el consumo humano. El principio se basa en separar los contenidos del 
CIWC�GP�HWPEKÎP�FG�NQU�FKHGTGPVGU�RWPVQU�FG�GDWNNKEKÎP�
#JUCP�GV�CN����������'P�GUVG�RTQEGUQ��GN�CIWC�
se calienta en un ambiente cerrado para que alcance un punto de evaporación, la temperatura se man-
tiene durante largos períodos de tiempo para evaporar agua continuamente sin evaporar ningún otro 
EQPVCOKPCPVG�GP�GN�CIWC��'N�XCRQT�FG�CIWC�UG�EQPFGPUC�[�UG�TGEQNGEVC�EQOQ�CIWC�RWTKſECFC�

Existen diferentes tipos de procesos de desalinización que aplican nuevas tecnologías para aumentar 
NC�GſEKGPEKC�FGN�RTQEGUQ�
8ÃCUG�FQEWOGPVQ�CPGZQ�ECRKVWNQ�����UKP�GODCTIQ��GN�OÃVQFQ�O¶U�RQRWNCT�
sigue siendo la desalinización solar, la cual hace uso de la radiacion solar para elevar la temperatura 
del agua hasta alcanzar su evaporacion. Existe una extensa investigación y estudio por diferentes or-
ganizaciones, universidades e investigadores con respecto al uso de la desalinización en la producción 
de agua potable; un análisis de ellos y las conclusiones de sus parámetros puede consultarse en el 
FQEWOGPVQ�#PGZQ�
ECRÈVWNQ������

&GURWÃU�FG� NC� KPXGUVKICEKÎP�[�GN�CP¶NKUKU� KPKEKCN�FG� NC�FGUCNKPK\CEKÎP�UQNCT�� UG� KFGPVKſECTQP� NQU�EQO-
RQPGPVGU�D¶UKEQU�FG� NQU�FGUCNKPK\CFQTGU�
8ÃCUG�FQEWOGPVQ�#PGZQ��ECRÈVWNQ������[�UG�FKQ�RCUQ�C� NC�
ETGCEKÎP�FG�UWDUKUVGOCU�EQP�GN�ſP�FG�EQORTGPFGT�OGLQT�EÎOQ�HWPEKQPC�GN�RTQEGUQ�FG�FGUCNKPK\CEKÎP��
El estudio también proporcionó información clave sobre las consideraciones para el incremento de la 
GſEKGPEKC�[�NC�EQPUVTWEEKÎP�CFGEWCFC�FGN�UKUVGOC��.QU�UWDUKUVGOCU�KFGPVKſECFQU�UQP�NQU�UKIWKGPVGU�

Recoleccion de Calor
Consiste en la colección de rayos solares y el aumento de la radiación solar para ser transferidos al 
sistema de retención de calor. Su funcionamiento adecuado está condicionado por el tamaño del área 
de colección así como el uso óptimo de materiales resistentes a la exposición solar por largos periodos 
de tiempo.

Retencion de calor
Este sistema se enfoca en la absorción, retención y transferencia de calor al cuerpo de agua para au-
mentar la temperatura y permitir la evaporación. Este sistema requiere una observación especial de 
NQU�EQGſEKGPVGU�FG�VTCPUHGTGPEKC�FG�ECNQT�FG�NQU�OCVGTKCNGU�RCTC�ICTCPVK\CT�WPC�CNVC�GſEKGPEKC�FG�VQFQ�
el sistema.
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El condensador es un sistema destinado a reducir el tiempo de condensación del vapor de agua para au-
OGPVCT�NC�GſEKGPEKC�FGN�UKUVGOC��7P�FKUGÌQ�CFGEWCFQ�FGDG�EQPUKFGTCT�NC�ECRCEKFCF�FG�CDUQTEKÎP�FG�CIWC�FG�
los materiales, así como la diferencia de temperatura entre el recipiente de agua y el área de condensación.
El diseño propuesto es una solución inicial para un sistema de desalinización para producción local. Dicho 
sistema está compuesto por tres sistemas diferentes, basados en los subsistemas explicados anteriormente, 
que trabajan en conjunto para desalinizar el agua y se describen a continuacion.

Proceso de Condensacion

Sistema de llenado
Integra un conjunto de componentes que permiten el rellenado de la cámara de evaporación. Comienza 
con una manguera y una boquilla de tanque que se puede conectar a cualquier recipiente o fuente de agua. 
'UVG�UKUVGOC�KPVGITC�WPC�X¶NXWNC�ƀQVCPVG��NC�EWCN�CFGO¶U�FG�HCEKNKVCT�GN�TGNNGPCFQ�CWVQO¶VKEQ�FG�NC�E¶OCTC�
FG�GXCRQTCEKÎP��RGTOKVKT¶�SWG�GN�CIWC�ƀW[C�JCUVC�WPC�EWCTVC�RCTVG�FGN�VWDQ��UGNNCPFQ�NC�GPVTCFC�FG�CIWC�[�GN�
escape de vapor de agua. Los componentes del sistema pueden verse en la Figura 2.

Figura 2. Sistema de llenado
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Sistema de Evaporacion
Se compone de una cámara de evaporación, un sistema de aislamiento y una estructura soporte. Su 
principal objetivo funcional es la evaporación del agua salina mediante la implementación de un tubo 
FG�EQDTG��.C�UWRGTſEKG�GZVGTPC�FGN�VWDQ�FG�EQDTG�TGEKDG�NC�TCFKCEKÎP�UQNCT�[�NC�VTCPUſGTG�CN�CIWC�GP�UW�
interior permitiendo la evaporación. Cuando el agua contenida se evapora, aumenta la presión dentro 
del tubo sellado, como resultado, el vapor comprimido se expulsa bajo presión a través de una mangu-
GTC�FG�EQPGZKÎP�GP�GN�EQPFGPUCFQT�UKIWKGPFQ�NC�VGQTÈC�FG�NC�%QORTGUKÎP�/GE¶PKEC�FG�8CRQT�
5JCPMCT��
4���������.C�KORNGOGPVCEKÎP�FG�GUVG�UKUVGOC�FG�GXCRQTCEKÎP�OGLQTC�NC�GſEKGPEKC�VÃTOKEC�FGN�RTQEGUQ�
de desalinización, ya que evita que el vapor de agua se condense dentro de la cámara de evaporación.

Además, para evitar la pérdida de calor en caso de viento o humedad en el ambiente, se integró un 
sistema de aislamiento, el cual consiste en el uso de arena sedimentaria y lana o algodón para retener 
GN�ECNQT�EQPFWEKFQ�C�VTCXÃU�FGN�VWDQ�FG�EQDTG��CWOGPVCPFQ�CUÈ�NC�GſEKGPEKC�FG�GXCRQTCEKÎP�FGPVTQ�FGN�
tubo.

Los componentes mencionados se mantienen unidos mediante una estructura metálica, que proporcio-
na la estabilidad y la altura necesarias para transferir el vapor al condensador sin presentar el riesgo de 
que el agua se desborde en el tubo de evaporación. Los componentes de este sistema pueden verse 
en la Figura 3.

Figura 3. Sistema de evaporacion
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El vapor de agua producido en la cámara de evaporación, debido a la alta presión creada en el tubo de 
EQDTG��UG�OWGXG�C�VTCXÃU�FG�WP�EQPGEVQT�FG�ICU�JCEKC�GN�EQPVGPGFQT�ſPCN��'UVG�OQXKOKGPVQ�UG�DCUC�GP�GN�
efecto del vapor comprimido y en su tendencia a trasladarse de áreas reducidas o de alta temperatura a 
¶TGCU�FG�OGPQT�RTGUKÎP�[�VGORGTCVWTC�
#N�,WYC[JGN�GV�CN����������'N�XCRQT�IGPGTCFQ�GP�GN�VWDQ�FG�EQDTG�XKCLC�
a presión hacia un tanque de agua con mayor área y menor temperatura, permitiendo así la condensación 
C�WP�TKVOQ�O¶U�T¶RKFQ��2CTC�IGPGTCT�WP�OGPQT�VGORGTCVWTC�GP�GN�EQPVGPGFQT�ſPCN��UG�KORNGOGPVC�WP�GHGEVQ�
Pot-in-pot, este efecto funciona con el principio de enfriamiento por evaporación, el cual a través del uso de 
un pequeño recipiente dentro de uno de mayor tamaño y mediante el uso de arcilla o raena humeda en el 
espacio naular, incentiva la transferencia de calor. Este sistema produce un efecto de enfriamiento dentro 
FGN�EQPVGPGFQT�KPVGTPQ�
&CVG���������.C�EQPſIWTCEKÎP�FG�GUVG�UKUVGOC�FC�EQOQ�TGUWNVCFQ�WP�CWOGPVQ�FG�
NC�GſEKGPEKC�GP�NC�EQPFGPUCEKÎP�[�TGEQNGEEKÎP�FG�CIWC�GP�GN�OKUOQ�TGEKRKGPVG��RGTQ�UGRCTCFQ�FG�NC�E¶OCTC�
de evaporación, evitando la pérdida de energía. En éste caso, el yeso fue seleccionado como material con-
tenido en los espacios anulares debido a su bajo costo y baja temperatura. El sistema se representa en la 
(KIWTC����

Sistema de Condensacion

(KIWTC����Sistema de Condensacion.
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'N�FKUGÌQ�[� NC�GſEKGPEKC�FGN�5KUVGOC�FG�FGUCNKPK\CEKÎP�RTQRWGUVQ�GU�GN� TGUWNVCFQ�FG� NC�EQODKPCEKÎP�
adecuada de materiales, sus propiedades y geometría que propicien un proceso de desalinización más 
GſEKGPVG�VQOCPFQ�GP�EWGPVC�NCU�EQPFKEKQPGU�ENKO¶VKECU�FG�NC�NQECNKFCF�FQPFG�UG�KORNGOGPVC��.C�RTQ-
puesta representa una solución rápida y viable para casos extremos y comunidades de bajos ingresos 
para obtener agua potable y ofrece la posibilidad de experimentar y perfeccionar el modelo a distintos 
contextos gracias al uso de componentes comerciales y procesos locales.
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.CU�VGEPQNQIÈCU�SWG�WUCP�GPGTIÈC�UQNCT�UG�RWGFGP�ENCUKſECT�EQOQ�RCUKXCU�Q�CEVKXCU��.CU�VGEPQNQIÈCU�
activas convierten la luz solar en electricidad como paneles solares, mientras que las técnicas pasivas 
WVKNK\CP�OCVGTKCNGU�EQP�RTQRKGFCFGU�VÃTOKECU�[�FKUGÌQ�RCTC�KPVGPUKſECT�[�TGVGPGT�NC�GPGTIÈC�QDVGPKFC�FG�
NQU�TC[QU�FKTGEVQU�FGN�UQN�
6KYCTK�[�5CJQVC���������TGFWEKGPFQ�CUÈ�NC�PGEGUKFCF�FG�HWGPVGU�FG�GPGTIÈC�
alternativas.
Dado que las técnicas pasivas se basan solo en el uso adecuado de los materiales y la geometría para 
concentrar, aumentar y retener el calor obtenido de la exposición al sol, los componentes de la cámara 
de evaporación, así como el sistema de insulación no serán alterados en la adecuación de diseño. Sin 
embargo, el rendimiento del sistema de desalinización solar depende en gran medida de las condi-
ciones climáticas en las que se implementa entre otros factores técnicos, tales como:

Radiacion solar y clima
La radiación solar es la cantidad de energía proveniente del sol, por unidad de área, que recibe todo 
RWPVQ�RQT�GPEKOC�FG�NC�CVOÎUHGTC�VGTTGUVTG��GP�ECFC�KPUVCPVG�FG�VKGORQ�
2NCUGPEKC�5��GV�CN���������GUVC�
cantidad de calor varía tanto espacial como temporalmente, de acuerdo a la posición de un punto en 
particular sobre la Tierra y de la posición de ésta respecto del Sol. Se puede obtener una estimación 
de la cantidad de radiación solar que se recibe en una localidad mediante la medición del número de 
horas de sol por día.
'UVG�RCT¶OGVTQ�TGSWKGTG� NC�UGNGEEKÎP�GURGEÈſEC�FG�TGIKQPGU�GP�GN� VGTTKVQTKQ�OGZKECPQ�SWG�RTGUGPVGP�
características climáticas similares a aquellos presentes en la Guajira, Colombia. Entre los requer-
imientos climáticos están la exposición solar de ocho horas diarias, baja precipitación anual y acceso a 
fuentes de agua salina.

Cuerpo de agua

2CTC�ICTCPVK\CT�NC�O¶ZKOC�GſEKGPEKC�FG�GXCRQTCEKÎP�FGN�EWGTRQ�FG�CIWC�FGPVTQ�FG�NC�E¶OCTC�FG�GXCR-
QTCEKÎP��GUVC�PQ�FGDG�GZEGFGT�NQU�����EO�FG�RTQHWPFKFCF�
#TWPMWOCT��������

'UV¶�ENCTQ�SWG�NC�GſECEKC�FGN�RTQFWEVQ�GU�GN�TGUWNVCFQ�FG�WPC�EQODKPCEKÎP�CFGEWCFC�FG�IGQOGVTÈC�[�
OCVGTKCNGU�RCTC�ICTCPVK\CT�NC�GZRQUKEKÎP�C�NC�TCFKCEKÎP�UQNCT�EQP�GN�ſP�FG�TGEQNGEVCT�[�TGVGPGT�GN�ECNQT��
CWP�CUÈ�GZKUVG� NC�RQUKDKNKFCF�FG�OQFKſECT�CSWGNNQU�EQORQPGPVGU�SWG�PQ�CHGEVCP�FKTGEVCOGPVG� NC�Gſ-
ciencia del sistema para lograr generar una propuesta de producto más integrada considerando una 
selección más amplia de materiales y procesos de producción.



Ramirez Garcia y Gutierrez Hernandez

25

localidad
04



Sistema Sustentable para desalinizacion de agua

26

&GDKFQ�C�NQ�GUGPEKCN�FG�NCU�EQPFKEKQPGU�ENKO¶VKECU�RCTC�NC�GſEKGPEKC�FG�WP�UKUVGOC�FG�FGUCNKPK\CEKÎP�
solar, la adecuación a un contexto mexicano debe enfocarse hacia aquellas zonas o regiones que pre-
senten las características necesarias para la implementación de un desalinizador solar. Dado que las 
EQPFKEKQPGU�ENKO¶VKECU�PQ�ECGP�FGPVTQ�FG�NQU�RCT¶OGVTQU�OQFKſECDNGU�FG�FKUGÌQ��NCU�TGIKQPGU�UGNGEEKQ-
nadas para esta adecuación deben caracterizarse por altas temperaturas con mínimo ocho horas de 
radiación solar y baja precipitación anual. De acuerdo al Instituto Nacional de Estadística y Geografía 

+0')+�������� NC�\QPC�SWG�RTGUGPVC� VGORGTCVWTCU�CNVCU�[�DCLC�RTGEKRKVCEKÎP�GU�GN�PQTQGUVG�FGN�RCÈU�
como son Sonora, Baja California Norte, Baja California Sur y Sinaloa, los cuales cuentan con acceso a 
CIWC�FG�OCT�FGN�1EGCPQ�2CEKſEQ�[�GN�)QNHQ�FG�%CNKHQTPKC��VCN�EQOQ�UG�OWGUVTC�GP�NC�(KIWTC���

.C�\QPC�RCEÈſEQ�FGN�RCÈU��OWGUVTC�WPC�TCFKCEKÎP�UQNCT�GUVCEKQPCN��NQ�SWG�UKIPKſEC�SWG�VKGPG�XCNQTGU�FG�
calor bajos durante los meses de invierno debido al movimiento del sol además de valores bajos en los 
OGUGU�FG�OC[QT�NNWXKC�EQOQ�UQP�CIQUVQ�[�QEVWDTG�
0QIWGTC���������'P�GUVQU�GUVCFQU�OGPEKQPCFQU��
NC� VGORGTCVWTC�CNVC�RTQOGFKQ�GU�FG����ITCFQU�EGPVÈITCFQU��CNECP\CPFQ�GP�QECUKQPGU� NQU����ITCFQU�
centigrados en los meses de verano. En promedio la precipitación anual en esta zona del país es de 
alrededor 200 mm lo cual representa lluvias escasas. Estas características son clave para permitir el 
WUQ�FG�WP�FGUCNKPK\CFQT�UQNCT�UKP�CHGEVCT�NC�GſEKGPEKC�GUVKOCFC�FG�GUVG��1VTC�ECTCEVGTÈUVKEC�ENCXG�RCTC�
seleccionar la zona de implementación es el acceso al agua potable, dada la naturaleza del proyecto, 
las zonas elegidas deberán presentar también problemáticas respecto al acceso a agua potable.

.C�5GETGVCTKC�FG�/GFKQ�#ODKGPVG�[�4GEWTUQU�0CVWTCNGU�
5'/#40#6�������� KPFKEC�SWG�NC�QHGTVC�FG�
agua dulce en la zona noroeste del país proviene en su mayoría de mantos acuíferos subterráneos 
los cuales están actualmente a la baja por la sobreexplotación, aunado a esto la contaminación pro-
veniente de fábricas, vehículos y las prácticas en la agricultura han dañado las fuentes de agua dulce 
UWRGTſEKCN��'UVCU�EKTEWPUVCPEKCU�JCP�TGUWNVCFQ�GP�NC�GUECUG\�FG�CIWC�RQVCDNG�RCTC�CN�OGPQU�����FG�NC�
población en las regiones noroestes del país. Es por esto que las poblaciones rurales con bajo acceso 
a agua potable en la región noroeste del país serán a las cuales se enfocará esta adecuación de diseño 
como una propuesta para resolver la escasez de acceso a este recurso.
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(KIWTC��� Zona noroeste del Territrio Mexicano
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'N�CIWC�FG�OCT�UG�ECTCEVGTK\C�RQT�UK�UCNKPKFCF��NC�EWCN�XCTKC�GPVTG����[�����FG�UCNGU�CPJKFTKECU�RQT�MKNQ-
ITCOQ�FG�CIWC�FG�OCT��NQ�EWCN�NG�FC�WPC�CNVC�EQPFWEVKXKFCF�FGDKFQ�C�UWU�ECTCEVGTÈUVKECU�ſUKEQSWÈOKECU��
Dentro de sus componentes cabe mencionar las sales disueltas, oxígeno y bióxido de carbono disuel-
tos, y prácticamente todos los cationes y aniones que intervienen en la composición mineralógica nor-
OCN�FGN�CIWC��ENQTWTQU��DKECTDQPCVQU��ECTDQPCVQU��UWNHCVQU��UQFKQ��ECNEKQ��OCIPGUKQ��GPVTG�QVTCU�
(GNKÕ�[�
/QTEKNNQ���������'P�NC�6CDNC���UG�RWGFGP�QDUGTXCT�NQU�EQORQPGPVGU�FGN�CIWC�FG�OCT��

Tabla 1��%QORQPGPVGU�FGN�CIWC�FG�OCT�
(GNKÕ�[�/QTEKNNQ�������.
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Esta alta conductividad genera que los procesos de corrosion se efectuen en lapsos cortos de tiempo. La 
velocidad de corrosion media en agua de mar sin contemplar los niveles de contaminacion, es de .12 um/año  
Debido a la implementacion de cobre en la propuesta de este proyecto, es importante considerar que este 
metal, al igual que otros elementos, es facilmente oxidable en presencia de oxigeno o hirogenos como los 
RTGUGPVGU�GP�CIWC�FG�OCT�
)QP\CNG\�)QP\CNG\���������#HQTVWPCFCOGPVG�GZKUVGP�OCU�FG�����CNGCEKQPGU�FG�
cobre que se daptan a un gran numero de aplicaciones, el cobre y varias de sus aleaciones son utilizados en 
diversos ambientes como son las aguas de mar, donde están sometidos al ataque corrosivo, principalmente 
debido al alto contenido de iones de cloruro.

#NIWPCU�FG� NCU�CNGCEKQPGU�FG�EQDTG� � KPENW[GP�GN�PKSWGN�� GUVCU�CNGCEKQPGU��RTKPEKRCNOGPVG�������[��������
son aplicadas en las areas mariticas y tuberias para agua de mar asi como en las plantas de desalinizacion 
FGDKFQ�C�UW�GZEGNGPVG� TGUKUVGPEKC�C� NC�EQTTQUKQP�RQT�CIWC�FG�OCT�� 
)CTEKC��7TWEJWTVW�[�)GPGUEC���������
+ORNGOGPVC�GUVC�CNGCEKQP�FG�EQDTG�GP�GN�RTQFWEVQ�ſPCN��GU�PGEGUCTKQ�RCTC�ICTCPVK\CT�WP�RGTFKQFQ�FG�XKFC�
util mayor a seis meses, el cual se tendria si se mantiene el uso de un cobre tipo M, el cual no presenta las 
caracteristicas necesarias para soportar la constante exposicion al agua salada de mar.
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5K�DKGP�GN� TGUWNVCFQ�FG�FKUGÌQ� KPKEKCN� TGURQPFG�C� NCU�PGEGUKFCFGU�FG�WP�EQPVGZVQ�GURGEÈſEQ��UW�CNVQ�
PKXGN�VÃEPKEQ�[�UGNGEEKÎP�FG�EQORQPGPVGU�EQOGTEKCNGU�RGTOKVG�UW�OQFKſECEKÎP�C�FKXGTUQU�EQPVGZVQU�UKP�
PGEGUKFCF�FG�CHGEVCT�PGICVKXCOGPVG�NC�GſEKGPEKC�GUVKOCFC��.C�CFCRVCEKÎP�FG�NQU�TGUWNVCFQU�QDVGPKFQU�
en el proyecto realizado en Suecia, presenta la posibilidad de aplicarse a un contexto mexicano, inte-
grando materiales y procesos de producción disponibles en la región. Así mismo es posible mejorar la 
CRCTKGPEKC�GUVÃVKEC�RCTC�KPEQTRQTCT�VQFQU�NQU�EQORQPGPVGU�GP�WP�RTQFWEVQ�O¶U�WPKſECFQ�XKUWCNOGPVG��
#�EQPVKPWCEKÎP�UG�RTGUGPVC�WP�NKUVCFQ�FG�NQU�EQORQPGPVGU�OQFKſECDNGU�[�UWU�RQUKDNGU�OGLQTCU�

Contenedores

El contexto original en la Guajira, Colombia presentaba una limitada disponibilidad de materiales, por 
NQ�SWG��RCTC�NQU�EQPVGPGFQTGU�FG�CIWC��VCPVQ�KPKEKCN�EQOQ�ſPCN��UG�RNCPVGQ�GN�WUQ�FG�VCODQU�FG�RN¶UVKEQ�
que las familias de la región reciben como donaciones. Para el replanteamiento del diseno se considera 
NC�RQUKDKNKFCF�FG�FKUGÌCT�NC�IGQOGVTÈC�FG�NQU�EQPVGPGFQTGU�GP�DGPGſEKQ�FGN�UKUVGOC�

Camara de Evaporacion

La distribución equitativa de agua dentro del tubo asegura un ritmo de evaporación más rápido, aun así, 
existe la posibilidad de incrementar el ritmo de evaporación al separar el tramo de un metro de tubo de 
EQDTG�GP�FQU�UGEEKQPGU�FG����EGPVÈOGVTQU��'UVQ�TGRTGUGPVCTÈC�FQU�EWGTRQU�FG�CIWC�FG�OGPQT�XQNWOGP��
NQ�EWCN�GP�VGQTÈC�TGFWEKTÈC�GN�VKGORQ�TGSWGTKFQ��RCTC�GXCRQTCT�GN�CIWC�KPETGOGPVCPFQ�CUÈ�NC�GſEKGPEKC�
FGN�UKUVGOC��'U�KORQTVCPVG��EQPUKFGTCT�SWG�GN�¶TGC�FG�GZRQUKEKÎP�UQNCT�PQ�RWGFG�UGT�OQFKſECFC�FCFQ�
que para producir dos litros de agua, que es el mínimo recomendado para el consumo por persona en 
un día, el dispositivo debe tener un mínimo de un metro cuadrado de área de recolección solar. Dicha 
¶TGC�RWGFG�FGUETKDKTUG�EQOQ�GN�¶TGC�FG�NC�UWRGTſEKG�FGN�VWDQ�FG�EQDTG�SWG�GUV¶�GZRWGUVC�FKTGEVCOGPVG�
a los rayos del Sol.

Estructura Soporte
Al no tener restricciones de presupuesto y selección de materiales, la estructura soporte del sistema se 
RWGFG�OQFKſECT�RCTC�QHTGEGT�WP�RTQFWEVQ�O¶U�KPVGITCFQ��'UVQ�RGTOKVKTC�WPC�OCPKRWNCEKÎP�FG�VQFQU�NQU�
EQORQPGPVGU�UKP�PGEGUKFCF�FG�FGUKPUVCNCTNQ��IGPGTCPFQ�CUK�WP�VTCPURQTVG�OCU�GſEKGPVG�FGN�RTQFWEVQ��
Sin embargo se deben tener en consideracion las condiciones climaticas de la region noroeste del pais 
RQT�NQ�EWCN�GN�OCVGTKCN�PQ�RQFTC�UGT�OQFKſECFQ��
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La solución original, presentada en Suecia, es el resultado de una amplia y minuciosa investigación de usu-
ario y contexto, y como tal responde a las condiciones de vida de los Wayuu. Es por eso que varios de sus 
componentes fueron seleccionados de aquellos ya pertenecientes a los usuarios, este replanteamiento de 
FKUGÌQ�RGTOKVG�NC�EQPUKFGTCEKÎP�FG�OGLQTCU�SWG�CFGO¶U�FG�QHTGEGT�WPC�KOCIGP�O¶U�WPKſECFC�FGN�RTQFWEVQ��
mejoren el funcionamiento y usabilidad del producto.
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%QP�NC�KPHQTOCEKÎP�TGEQRKNCFC�UQDTG�NC�TGIKÎP�UGNGEEKQPCFC�GP�/ÃZKEQ�[�NC�KFGPVKſECEKÎP�FG�RQUKDNGU�
mejoras, se crearon tablas morfológicas para desarrollar conceptos de posibles adaptaciones, segui-
das por el diseño a detalle de ciertos elementos del producto. La Tabla 2 muestra una tabla morfológi-
ca con un listado de las áreas de mejora y sus posibles replanteamientos considerando aun algunas 
soluciones originales de la propuesta inicial que por las condiciones climáticas y de contexto pueden 
ser replicadas en México.

Tabla 2. Tabla morfologica para generacion de concepto

Las posibles soluciones se ligaron para generar diferentes conceptos teniendo en cuenta la region de 
noroeste de México y las oportunidades de mejora anteriormente mencionadas. Las propuestas resul-
tantes deben ser evaluadas según su aportación al funcionamiento del sistema sin afectar la lista de 
GURGEKſECEKQPGU�[�TGSWGTKOKGPVQU�HWPEKQPCNGU��NC�EWCN�RWGFG�UGT�EQPUWNVCFC�GP�GN�FQEWOGPVQ�#PGZQ�

ECRKVWNQ����

Dadas las condiciones climáticas de la zona noroeste del pais, la selección de materiales debe enfo-
carse a quellos que resistan largos períodos de exposición al sol o a otros factores ambientales como 
la lluvia, el viento y la humedad. Estas condiciones también determinan con qué frecuencia deben de 
reemplazarse los componentes del sistema para mantener su correcto funcionamiento. A continuación 
se hace una descripción sobre las propuestas generadas y su evaluación basada en los conocimientos 
previos de la investigación original así como el cumplimiento de las áreas de mejora.

.C�RTKOGTC�RTQRWGUVC�XGCUG�(KIWTC����EQPUKUVG�GP�NC�EQNQECEKÎP�KPENKPCFC�FG�NQU�EQPVGPGFQTGU�FG�CIWC��
Esta orientación busca facilitar la toma de agua hacia el tubo de cobre, mediante la inclinacion del con-
tenedor inicial, esta posicion tambien permite el mayor aprovechamiento del agua dentro del contene-
FQT��#UÈ�OKUOQ�NC�GPVTCFC�FG�XCRQT�JCEKC�GN�EQPVGPGFQT�ſPCN�RWGFG�UGT�C�WPC�OC[QT�CNVWTC�RGTOKVKGPFQ�
el aprovechamiento de la capacidad de llenado del contenedor.

.C�DCUG�UG�OQFKſEÎ�C�WP�EQPLWPVQ�VWDWNCT�FG�UQRQTVG�SWG�RGTOKVKT¶�NC�KPVGITCEKÎP�FGN�UKUVGOC�QTKIKPCN�
de insulacion en la parte media junto con el tubo de cobre. Sin embargo esta propuesta se descartó, ya 
SWG�WPC�FKURQUKEKÎP�FKCIQPCN�FG�NQU�EQPVGPGFQTGU�UKIPKſEC�SWG�SWGFCTÈC�EKGTVC�ECPVKFCF�FG�CIWC�UKP�
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aprovecharse en las esquinas inferiores. Así mismo la disposición de la base y sistema de insulación aún 
ECTGEGP�FG�WPC�KPVGITCEKÎP�SWG�NG�FÃ�WPC�CRCTKGPEKC�O¶U�WPKſECFC�CN�UKUVGOC�

.C� UGIWPFC� RTQRWGUVC� 
(KIWTC� ���OCPVKGPG� NC� FKURQUKEKÎP� XGTVKECN� FG� NQU� EQPVGPGFQTGU� RGTQ� NQECNK\C� NCU�
conexiones hacia el tubo de cobre a una altura menor en el caso del contenedor inicial y a una mayor para 
GN�EQPVGPGFQT�ſPCN��#N�EQNQECT�NC�EQPGZKÎP�KPKEKCN�O¶U�EGTECPC�C�NC�DCUG�FGN�EQPVGPGFQT��C�FKHGTGPEKC�FG�NC�
solución original, no requiere que el contenedor esté a su máxima capacidad para llenar el tubo de cobre. 
#UÈ�OKUOQ�NC�EQPGZKÎP�ſPCN�CN�EQNQECTUG�C�WPC�CNVWTC�OC[QT�RGTOKVG�GN�CRTQXGEJCOKGPVQ�FGN�XQNWOGP�VQVCN�
del contenedor para la colección de agua desalinizada. Esta disposición también consta de una base tubular 
metálica que rodea a los contenedores, abrazando las conexiones y los tubos de cobre en un sistema más 
KPVGITCFQ��#�UW�XG\�NCU�OGFKFCGU�UG�TGFWEGP�RCTC�RGTOKVKT�WPC�OCPKRWNCEKÎP�O¶U�ƀWKFC�RCTC�UW�VTCUNCFQ�Q�
cambio de orientación al no requerir ser desensamblado. Esta propuesta a través de lluvia de ideas enfoca-
das a la integración de los sistemas dentro de la disposición de la base generó una iteración de diseno, la 
EWCN�UG�RWGFG�QDUGTXCT�GP�NC�(KIWTC���

La propuesta resultante de esta primera iteración considera descartar el textil como principal contenedor 
de arena y lo sustituye por uno de madera ensamblado a través de tornillos a la estructura tubular, la cual 
RCTC�NQICTCT�WPC�OC[QT�KPUWNCEKQP�UG�RNCPVGQ�EWDTKT�EQP�OCVGTKCNGU�FG�KPUWNCEKQP�EQOQ�UQP�GN�VGZVKN�FG������
algodón o lana, la hoja de maíz, hoja de palma, entre otros. Una parte fundamental de esta etapa del re-
planteamiento es la selección de material de los contenedores, la tabla morfológica plantea la posibilidad de 
GORNGCT�VTGU�OCVGTKCNGU�FKUVKPVQU�CWPSWG�FGURWÃU�FG�EQPUKFGTCEKQPGU�FG�RTQFWEEKÎP��GURGEÈſECOGPVG�FGN�
EQPVGPGFQT�ſPCN��UQNQ�NC�EGT¶OKEC�TGUWNVC�WP�OCVGTKCN�XKCDNG�RQT�UG�FG�DCLC�RTQFWEEKQP�[�RQT�UWU�EWCNKFCFGU�
para aplicaciones en sistemas de enfriamiento. Esto se debe a la necesidad de crear un contenedor con 
menor temperatura para acelerar el proceso de condensación del vapor. La solución original emplea un 
sistema basado en la propuesta de refrigeración Pot in Pot 
8ÃCUG�FQEWOGPVQ�#PGZQ��ECRÈVWNQ��������NQ�EWCN�
es difícilmente replicable en vidrio por los procesos complejos de producción y su translucidez que permitiría 
la afectación del estado del agua por la exposición solar. El plástico igualmente queda descartado debido a 
la posibilidad de explorar materiales de menor impacto ambiental y de producción local en la región del terri-
torio mexicano. La cerámica como material de producción para ambos contenedores permite la creación de 
una doble pared, este diseño permite la conservación de una temperatura menor dentro de los contenedores 
al no permitir la conducción de calor de la pared externa hacia la interna y sin la necesidad de un material 
en el espacio anular.

Al analizar la propuesta a profundidad, resulta posible explotar el uso de la cerámica como material de los 
contenedores para facilitar e integrar aún más las conexiones de entrada de agua y salida de vapor. Como 
aspecto negativo dichos contenedores, debido a su altura, afectan al área de colección solar ya que generan 
UQODTC�UQDTG�NQU�VWDQU�FG�EQDTG��KORKFKGPFQ�SWG�NQU�TC[QU�UQNCTGU�UGCP�TGƀGLCFQU�FKTGEVCOGPVG�JCEKC�NQU�
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Figura 9.�$QEGVQ�FG�EQPEGRVQ�ſPCN�

(KIWTC��� Boceto de concepto 3.

(KIWTC��� Boceto de concepto 2.

(KIWTC��� Boceto de concepto 1.
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VWDQU��#WPSWG�NC�QTKGPVCEKÎP�FGN�UKUVGOC�TGURGEVQ�CN�UQN�GU�ENCXG�RCTC�NC�GſEKGPEKC�FGN�UKUVGOC��UG�RWGFG�
mejorar la exposición al reducir la altura de los contenedores. Aunado a esto, el uso de madera no es ade-
cuado pues ésta no es resistente a las condiciones climaticas de la región, además el tejido alrededor de la 
estructura resulta un tanto redundante ya que el único segmento del sistema que requiere de insulación es 
NC�E¶OCTC�FG�GXCRQTCEKÎP��5G�TGCNK\CTQP�OQFKſECEKQPGU�EQP�OGLQTCU�SWG�UG�RWGFGP�QDUGTXCT�GP�NC�(KIWTC���

Esta propuesta contempla contenedores de cerámica de doble pared a una altura poco sobresaliente al tubo 
de cobre para permitir la mayor exposición solar posible. Como se mencionó anteriormente, la orientación 
LWGIC�WP�RCRGN�KORQTVCPVG�GP�NC�GſEKGPEKC�FGN�UKUVGOC�RQT�NQ�SWG�UG�RTQRQPG�GN�ITCDCFQ�FG�KPFKECEKQPGU�FG�
QTKGPVCEKÎP�GP�NC�UWRGTſEKG�FG�GZRQUKEKÎP�FG�NQU�VWDQU�FG�EQDTG��'UVQ�HCEKNKVC�GN�EQTTGEVQ�RQUKEKQPCOKGPVQ�GP�
su lugar de uso y por ende un mejor funcionamiento. La geometría de los contenedores presenta protuber-
ancias que se conectan al tubo de cobre, ofreciendo así una mayor estabilidad de las conexiones. Dichos 
contenedores cuentan con tapas de corcho sintético debido a su impermeabilidad a líquidos y gases así 
mismo por sus propiedades de aislación térmica y las cuales en su cara superior cuentan con iconografía 
ITCDCFC�SWG�RGTOKVG�NC�KFGPVKſECEKÎP�FG�ECNKFCF�FGN�CIWC�FGPVTQ�FG�GNNQU��

El uso de corcho sintético en lugar de natural se empleó para evitar la generación de hongos que se en-
cuentra en el corcho natural y el cual es imposible de detectar y erradicar hasta evaluar los alimentos o 
productos alimenticios que entran en contacto con él. Además de esto, el corcho sintético presenta varias 
otras ventajas como la facilidad de controlar sus acabados, es menos probable a presentar grietas ni gen-
era polvo y pueden ser usados como tapaderas reusables, como las requeridas para este proyecto. Los 
tapones  fabricados con corcho sintético presentan mayor consistencia y uniformidad, lo cual permite una 
menor entrada de aire al interior de la botella, aunado a esto, a diferencia del corcho tradicional, los tapones 
sintéticos no necesitan de humedad para permanecer expandidos y así sellar los contenedores en los cuales 
se implementan.

.C�TGFWEEKÎP�FG�CNVWTC�FG�NQU�EQPVGPGFQTGU�FG�CIWC�IGPGTC�EQOQ�GHGEVQ�WPC�UKORNKſECEKÎP�FG�NC�GUVTWEVWTC�
tubular soporte, aligerando la apariencia, además se integra de nuevo el uso de un textil de algodón o lana 
para contener arena, enfocado en la parte central del sistema donde se requiere el sistema de insulación. 
La aplicación de un tejido textil o de cualquier otro tipo de material con propiedades de insulacion, solo a la 
sección media del sistema además de reducir costos de producción, permite la apreciación de la cerámica.
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Figura 10. Producto con escala humana.
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.C�RTQRWGUVC�FG�EQPEGRVQ�ſPCN��OQUVTCFC�GP�NC�(KIWTC����TGRTGUGPVC�WPC�CRTQZKOCEKÎP�C�NC�TGIKÎP�PQTQGUVG�
FG�/ÃZKEQ��5W�RTQRÎUKVQ�HWPEKQPCN�GU�NC�FGUCNKPK\CEKÎP�FGN�CIWC�RTQXGPKGPVG�FG�NC�EQUVC�2CEÈſEQ�RCTC�QHTGEGT�
una fuente de agua bebible en casos donde el acceso al agua potable es escaso o inexistente. Al basarse 
en los resultados obtenidos del proyecto desarrollado en Suecia, la propuesta conceptual mantiene el ob-
jetivo de implementar materiales y procesos de producción locales en aquellos componentes que fueron 
OQFKſECFQU�

Como se mencionó previamente, esta propuesta de concepto mantiene los mismos componentes técnicos 
inicialmente propuestos y solo representa una variación en apariencia y algunos materiales dada la libertad 
de diseño en este replanteamiento y la mayor oferta de materiales y procesos en la región seleccionada. 
La Figura 11 muestra un explosivo de las partes que componen a este concepto y las medidas generales 
pueden observarse en la Figura 12.

El desalinizador propuesto se encuentra dividido en tres subsistemas, la explicación descriptiva de la pro-
puesta se fundamenta en estas divisiones y contempla la nomenclatura de las partes, su material y proceso 
de producción.

Figura 12. Medidas generales.

����EO

���EO

30 cm

���EO
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Figura 11. Explosivo Isometrico.
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Sistema de llenado
El sistema de llenado comienza con un contenedor cerámico de doble pared con capacidad de 20 litros. 
Este se conecta a través de manguera y conector de tanque al tubo de cobre, esta colección incluye 
empaques para prevenir fugas de agua. El contenedor inicial cuenta con un símbolo distintivo grabado 
en su tapa superior para comunicar que el agua contenida en él no es apta para consumo humano 

8ÃCUG�(KIWTC������

&GPVTQ�FG�GUVG�UKUVGOC�VCODKÃP�UG�GPEWGPVTC�WPC�X¶NXWNC�FG�ƀQVG�SWG�RGTOKVG�GN�NNGPCFQ�CWVQO¶VKEQ�
FGN�VWDQ�FG�EQDTG�C�NC�CNVWTC�TGSWGTKFC�FG�FQU�EGPVKOGVTQU�[�OGFKQ�RCTC�WPC�GſEKGPVG�GXCRQTCEKÎP�FGN�
cuerpo de agua dentro del tubo. La Tabla 3 describe cada componente de este sistema.

Figura 13. Grabado en tapa.

Tabla 3. Componentes del sistema de llenado



Ramirez Garcia y Gutierrez Hernandez

51

Sistema de evaporación
Este sistema como se observa en la Ilustracion 13, se compone de una cámara de evaporación, un siste-
OC�FG�CKUNCOKGPVQ�[�WPC�GUVTWEVWTC�FG�UQRQTVG��NQU�EQORQPGPVGU�GURGEKſECFQU�UG�OWGUVTCP�GP�NC�6CDNC�
���'N�RTKPEKRCN�QDLGVKXQ�HWPEKQPCN�FG�GUVG�UKUVGOC�GU�NC�GXCRQTCEKÎP�FGN�CIWC�UCNKPC�JCEKGPFQ�WUQ�FG�NC�CNVC�
conductividad térmica de los materiales seleccionados y su exposición a la radiación solar. La radiación 
exterior será recibida por la cara exterior del tubo de cobre, y posteriormente se transferirá el calor al agua 
del interior para permitir su evaporación.

6CDNC��� Componentes del sistema de evaporación

Para evitar la pérdida de calor en caso de viento o humedad en el medio ambiente, el uso de arena sedimen-
taria y un tejido de materiales térmicos retiene el calor conducido a través del tubo de cobre y aumenta la 
tasa de evaporación dentro del tubo. Este aislamiento consiste en un contenedor tejido, ya sea de algodón 
o lana, el cual  además de sus propiedades térmicas, retendrá la arena sedimentaria. La información técnica 
sobre las propiedades térmicas de los materiales mencionados se puede consultar el documento Anexo 

ECRÈVWNQ������

.C�CTGPC�UGFKOGPVCTKC��EQOQ�UG�KPFKEÎ�CPVGTKQTOGPVG��VKGPG�WP�DCLQ�EQGſEKGPVG�FG�VTCPUHGTGPEKC�FG�ECNQT��
que permite la retención del calor transferido a través del tubo de cobre durante largos períodos, lo que re-
duce la pérdida de energía. La cantidad de arena utilizada se obtiene calculando el área del contenedor del 
tejido de punto. Los componentes mencionados se mantienen unidos por una estructura que proporciona 
estabilidad además de unir a todos los componentes de la propuesta en un artefacto integrado. Dicha base 
GUVC�HCDTKECFC�GP�VWDWNCT�FG�#EGTQ�#����WPC�WPC�CNGCEKÎP�FG�CEGTQ�CN�ECTDQPQ�FG�RTQRÎUKVQ�IGPGTCN�
#OGTK-
can Society for Testing and Materials) con acabado en pintura electrostática.
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Sistema de condensación
Este subsistema comprende la condensación del vapor de agua y la recolección del agua desalinizada 
resultante. El vapor de agua que se produce en la cámara de evaporación, debido a la alta presión crea-
FC�GP�GN�VWDQ�FG�EQDTG��UG�OWGXG�C�VTCXÃU�FG�WP�EQPGEVQT�FG�ICU�CN�EQPVGPGFQT�ſPCN��&KEJQ�EQPVGPGFQT�
VKGPG�WPC�ECRCEKFCF�FG����NKVTQU�[�GUV¶�HCDTKECFQ�EQP�EGT¶OKEC��[C�SWG�GUVG�OCVGTKCN�GU�CKUNCPVG�VÃTOKEQ��
El efecto de disipación de calor o baja conductividad térmica de la cerámica se debe a la ausencia de 
GNGEVTQPGU�FG�EQPFWEEKÎP�GP�UW�EQORQUKEKÎP�
4GVCPC�(GTPCPFG\���������#WPSWG�GN�RTQFWEVQ�UG�RWGFG�
RTQFWEKT�EQP�EWCNSWKGT�OCVGTKCN�EGT¶OKEQ��UG�RTQRQPG�GP�GURGEÈſEQ�NQU�RQNXQU�XKFTKQ�EGT¶OKEQU��EQOQ�
GN�R[TQEGTCOKEQ��FCFQ�SWG�UQP�GZEGNGPVGU�CKUNCPVGU�VÃTOKEQU�FKUGÌCFQU�GP�NQU���U�FWTCPVG�NC�ECTTGTC�
GURCEKCN�RCTC�CDUQTDGT�EQP�UGIWTKFCF�NCU�GPQTOGU�ƀWEVWCEKQPGU�FG�VGORGTCVWTC�GP�NC�UGEEKÎP�FGNCP-
tera de los cohetes.

#FGO¶U�GN�EQPVGPGFQT�ſPCN�GUV¶�HCDTKECFQ�EQP�WPC�FQDNG�RCTGF�RCTC�GXKVCT�SWG�GN�CIWC�FG�UCNKFC�UG�
evapore debido a la exposición a altas temperaturas y la radiación solar. Esta doble pared permite 
una menor temperatura dentro del contenedor a comparación del tubo de cobre, permitiendo la con-
densación del vapor a un ritmo más rápido.

.C�VCRC�UWRGTKQT�FGN�EQPVGPGFQT�ſPCN�EWGPVC�EQP�WP�ITCDCFQ��EQOQ�UG�OWGUVTC�GP�NC�(KIWTC�����RCTC�
comunicar que el agua contenida en él es para consumo humano, esto es para evitar la confusión de 
NNGPCFQ�FGN�EQPVGPGFQT�ſPCN�EQP�CIWC�UCNKPC��CUÈ�EQOQ�GN�EQPUWOQ�FG�CIWC�FCÌKPC�RQT�RCTVG�FG�NQU�
usuarios.

(KIWTC���� Grabado en tapa.
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6CDNC��� Componentes del sistema de condensación

Aunque el funcionamiento es esencialmente el mismo que el de la propuesta inicial desarrollada en Suecia, 
GN�UKIWKGPVG�GUSWGOC�OWGUVTC�IT¶ſECOGPVG�GN�VTC[GEVQ�FGN�CIWC�UCNCFC�C�VTCXG\�FGN�UKUVGOC�RCTC�UGT�FGUCNK-
nizada y recolectada por el usuario. 

'UVC�EQPſIWTCEKÎP�RTQFWEG�WP�GHGEVQ�FG�GPHTKCOKGPVQ�FGPVTQ�FGN�EQPVGPGFQT�KPVGTPQ��'N�CIWC�TGUWNVCPVG�UG�
recoge en el contenedor interno de condensación, lo que permite al usuario recuperarla por medio de una 
DQODC�OCPWCN�GP�NC�RCTVG�UWRGTKQT�FGN�EQPVGPGFQT�ſPCN��EQOQ�UG�QDUGTXC�GP�NC�(KIWTC�����.QU�EQORQPGPVGU�
FG�GUVG�UKUVGOC�UG�FGUETKDGP�GP�NC�6CDNC���

(KIWTC���� Bomba manual.
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62 Como se puede observar en el diagrama A superior, para activar el funiconamiento del sistema es 
necesario llenar el contenedor inicial. El usuario se guia por emdio del grabado en las tapas de los con-
tenedores para localizar aquel en el que debe ser introducida el agua salina. Se retira la tapa de ceram-
ica para poder introducir agua salada y se coloca la tapa de nuevo a presión para sellar el contenedor. 



c

Ramirez Garcia y Gutierrez Hernandez

63

Al llenar el contenedor el agua ingresa automaticamente a los tubos de cobre y se detiene a la pro-
HWPFKFCF�KPFKECFC�ITCEKCU�C�WPC�DQODC�FG�ƀQVG�GP�GN�KPVGTKQT�FG�NQU�VWDQU��7PC�XG\�GZRWGUVQ�CN�UQN��
el proceso de evaporización dentro de los tubos comienza y se dejan transcurrir 24 horas, como se 
OWGUVTC�GP�NC�ſIWTC�$��RCTC�RGTOKVKT�NC�O¶ZKOC�RTQFWEEKÎP�FG�CIWC�RCTC�EQPUWOQ�JWOCPQ��#WPSWG�PQ�
es necesario esperar dicho periodo ya que la evaporación y condensación es constante en el sistema.
.C�DQODC�FG�ƀQVG�RGTOKVG�WP�HWPEKQPCOKGPVQ�CWVQO¶VKEQ�FGN�UKUVGOC�CWPSWG�UG�TGSWKTG�WP�EQPUVCPVG�
relleno del contenedor inicial por parte del usuario.

2CTC�CEEGFGT�CN�CIWC�FGUCNKPK\CFC�GP�GN�EQPVGPGFQT�ſPCN�UG�RWGFG�RTGUKQPCT�NC�DQODC�OCPWCN�EQOQ�UG�
OWGUVTC�GP�NC�ſIWTC�%��.C�UGNGEEKQP�FG�GUVC�DQODC�GU�FGDKFQ�C�NC�HCEKNKFCF�FG�CEEKQPCOKGPVQ��DQODGC�
el agua al ser presionada en su parte superior y la forma del grifo permite al usuario colocar cualquier 
tpo de contenedor para llenar con el agua desalinizada. 
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Al considerar el impacto ambiental de un producto es necesario contemplar los materiales de cada 
componente, el proceso de fabricación y el consumo o uso de este a lo largo del proceso de diseño. La 
GXCNWCEKÎP�FGN�WUQ�FG�NQU�OCVGTKCNGU�[�UW�XKFC�ÕVKN�RWGFG�TGFWEKT�UKIPKſECVKXCOGPVG�GN�KORCEVQ�PGICVKXQ�
SWG�VKGPG�GP�GN�OGFKQ�CODKGPVG�
-NÑRHHGT���������.C�'XCNWCEKÎP�FGN�%KENQ�FG�8KFC�
'%8��GU�WP�CP¶NKUKU�
de las entradas y salidas de un producto a lo largo de su ciclo de vida, considerando los impactos am-
DKGPVCNGU�[�GN�WUQ�RQVGPEKCN�FGURWÃU�FG�UW�GNKOKPCEKÎP�
+51���������'UVC�GXCNWCEKÎP�GU�TGNGXCPVG�RCTC�
este replanteamiento de diseno ya que representa uno de los requerimientos iniciales del proyecto. 
Así mismo, permite la visualización de la relación entre los componentes, sus materiales y su función 
GURGEÈſEC�C�NQ�NCTIQ�FG�NC�ECFGPC�FG�RTQFWEEKÎP�

El análisis de ciclo de vida toma en consideración todas las fases de la vida útil de un producto, como la 
extracción de materias primas, los procesos de fabricación, empaque, distribución, vida útil del produc-
VQ�[�UW�FGUJGEJQ��#�EQPVKPWCEKÎP�NCU�(KIWTCU����C����OWGUVTCP��IT¶ſECOGPVG�NC�'XCNWCEKÎP�FG�%KENQ�FG�
8KFC�
'%8��RCTC�ECFC�OCVGTKCN�FG�NQU�EQORQPGPVGU�FGN�UKUVGOC�FG�FGUCNKPK\CEKÎP�RTQRWGUVQ�

#NIWPQU�FG�NQU�OCVGTKCNGU�UGNGEEKQPCFQU�VKGPGP�WP�KORCEVQ�UKIPKſECVKXQ�GP�GN�OGFKQ�CODKGPVG��OGFK-
dos  por emision de carbon y su posibilidad de reuso despues de ser deshechado, como los adhesivos 
epóxicos. Sin embargo, su selección no puede ser sustituida ya que representan elementos clave en 
el objetivo del rendimiento del sistema. Asi mismo, la implementación de procesos y materiales locales 
TGFWEG�UKIPKſECVKXCOGPVG�GN�KORCEVQ�CODKGPVCN�FWTCPVG�UWU�RTQEGUQU�FG�RTQFWEEKÎP�[�FKUVTKDWEKÎP�[C�
que no requieren de embalaje para su translado al sitio de uso. El aspecto mas importante de esta 
evaluacion recae en el uso de la radiación solar como única fuente de energía para el funconamiento 
de la propuesta, pues su implementación no genera emisiones de carbón durante su vida útil.
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(KIWTC���� ECV adhesivos epóxicos.
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(KIWTC���� ECV Plástico ABS y Polietileno.
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(KIWTC���� ECV Plástico Polietileno.
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Figura 19. ECV Plástico Cloruro de Polivinilo.
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Figura 20. ECV Caucho.
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Figura 22. ECV Soldadura TIG.
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Figura 21. ECV Acero al Carbón.
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Figura 23. ECV Acero Inoxidable.
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(KIWTC���� ECV Cerámica.
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(KIWTC���� ECV Arena Sedimentaria.
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(KIWTC���� Textil de Algodón.
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El resultado de este replanteamiento de concepto a una región del territorio mexicano es un ejemplo 
del alcance de adecuación que puede tener el sistema de desalinización diseñado en Suecia. El uso 
del contenedor textil, aunque importante, puede ser sustituido por otros materiales naturales que pre-
sentan propiedades de retención térmica, como son la hoja de plátano y la palma. Esto acorde al plant-
eamiento de producción local de la propuesta, la cual busca que sea replicable en distintos contextos 
con distintos recursos.

Como se mencionó a lo largo del reporte, la propuesta es una conceptualización que aún requiere de 
pruebas funcionales con prototipos para evaluar su funcionamiento en la región establecida y comparar 
las mejoras de funcionamiento estimadas con la propuesta original. Está claro que para su desarrollo 
a producto funcional se requerirá de una investigación profunda sobre el contexto de uso, tomando 
en cuenta los hábitos y estilo de vida de los posibles usuarios. Incluso se podría extrapolar su plant-
eamiento a un objeto de uso en caso de emergencia dadas las actuales situaciones de inundaciones 
y desbordamiento de ríos en la zona noroeste del país. Estos desastres naturales han resultado en la 
reducción de acceso al agua potable en las zonas afectadas y regiones aledañas. 

No obstante el principal objetivo de este replanteamiento no es solo mostrar cómo se mencionó antes, 
la capacidad de adaptación del sistema diseñado. Si no dejar una aportación a la sociedad mexicana 
por brindarnos la oportunidad de realizar este proyecto de tesis durante un año de movilidad estudiantil 
en Suecia y abrir la posibilidad para su explotación a distintos contextos y circunstancias que mejoren 
las condiciones de vida de comunidades afectadas por los problemas relacionados al acceso a agua 
potable.
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#JUCP��#��CPF�(WMWJCTC��6��
�������/CUU�CPF�JGCV�VTCPUHGT�OQFGN�QH�6WDWNCT�5QNCT�5VKNN��5QNCT�'PGTI[��
��
����RR�����������

#N�,WYC[JGN��(���'N�&GUUQWM[��*��CPF�'VVQWPG[��*��
�������#PCN[UKU�QH�UKPING�GHHGEV�GXCRQTCVQT�FGUCNKPC-
VKQP�U[UVGOU�EQODKPGF�YKVJ�XCRQT�EQORTGUUKQP�JGCV�RWORU�
&GUCNKPCVKQP�����
����RR���������

#TWPMWOCT��6���8KPQVJMWOCT��-���#JUCP��#���,C[CRTCMCUJ��4��CPF�-WOCT��5��
�������'ZRGTKOGPVCN�5VWF[�
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abstract

#PMCTUVKHVGNUGP��C�PQP�RTQſV�QTICPK\CVKQP�YKVJ�VJG�OKUUKQP�QH�CUUWTKPI�VJG�CEEGUU�VQ�DCUKE�PGEGUUKVKGU�
in developing countries, presented a brief for a sustainable water desalination system, to obtain ac-
ceptable 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 puri-
ſECVKQP�U[UVGOU��#U�YGNN�CU�VJG�NKXKPI�EQPFKVKQPU��YGCVJGT��CPF�YCVGT�UKVWCVKQP�KP�.C�)WCLKTC��'ORKTKECN�
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.
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Potable water is the most basic necessity for humans, yet according to a 2007 World Health Organiza-
tion 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.

/CP[�RTQEGUUGU�RTQXKFG�CNVGTPCVKXGU� HQT�YCVGT�RWTKſECVKQP�� VJG�OQUV�GHſEKGPV�DGKPI� VJQUG� VJCV�WVKNK\G�
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 puri-
ſECVKQP�VJCV�ECP�CEJKGXG�JKIJ�NGXGNU�QH�RTQFWEVKXKV[�CPF�DG�EQUV�GHſEKGPV��VQ�DG�KORNGOGPVGF�KP�OCTIKPCN�
communities.

Ankarstiftelsen is an organization created in 1996 by Sven Bergholm and Börje Erdtman with the mis-
sion to create solutions to basic need problematics in developing communities. Its values rely on the 
TKIJV�HQT�GXGT[QPG�VQ�JCXG�C�HTGG�CPF�FKIPKſGF�NKHG�

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 
VQ�ſPCPEG�VJG�EQPUVTWEVKQP�CPF�KORNGOGPVCVKQP�QH�XCTKQWU�U[UVGOU�CETQUU�.C�)WCLKTC��EWTTGPVN[�QPG�QH�
them being the exploration with desalination techniques to obtain potable water.

Ankarstiftelsen

#U�OGPVKQPGF�DGHQTG�� VJG�OQUV�GHſEKGPV�RTQEGUUGU�VQ�RWTKH[�YCVGT�WUG�GNGEVTKEKV[��CPF�TGRTGUGPV�JKIJ�
costs of production and maintenance. The region of La Guajira is mostly populated by low-income in-
digenous 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 
FGUCNKPCVKQP�KP�C�UWUVCKPCDNG�CPF�KPGZRGPUKXG�OCPPGT�VQ�QDVCKP�UWHſEKGPV�COQWPVU�QH�FTKPMCDNG�YCVGT�

2TQDNGO�&GſPKVKQP
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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, intu-
itive and understandable set up procedures and use of local materials to ensure the proper integration 
with the users and the context.

+V�KU�KORQTVCPV�VJCV�VJG�ſPCN�TGUWNV�ECVGTU�VQ�VJG�RJ[UKECN�CPF�EQIPKVKXG�EJCTCEVGTKUVKEU�QH�VJG�WUGTU�CU�YGNN�
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 sustain-
able 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 
TGSWKTGOGPVU�OWUV�DG�OGV�VQ�GPUWTG�C�JKIJGT�GHſEKGPE[�VJCP�VTCFKVKQPCN�FGUCNKPCVKQP�OGVJQFU�

Objetives

6JG�PCVWTG�QH�VJG�RTQLGEV��DGKPI�EGPVGTGF�KP�VJG�HWPEVKQPCNKV[�CPF�GHſEKGPE[�QH�C�U[UVGO��TGSWKTGU�C�UGV�
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 
OWUV�CNNQY�C�ƀGZKDKNKV[� VQ� KVGTCVG�DGVYGGP�VJG�IGPGTCVKQP�CPF�GXCNWCVKQP�RJCUG�CPF�C�EQODKPCVKQP�QH�
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 im-
provement of the solutions developed (Cross, 2008).

6JG�ſTUV�UVCIG�HQEWUGU�QP�VJG�KFGC�VJCV�FGUKIP�RTQDNGOU�CTG�KNN�FGſPGF��VJGTGHQTG�TGSWKTG�CP�KPKVKCN�TG-
search and acquisition of information to clearly understand the nature of the problem (Cross, 2008). 
5WEJ� WPFGTUVCPFKPI� CPF� FGſPKVKQP� CTG� CEJKGXGF� VJTQWIJ� UGOK�UVTWEVWTGF� KPVGTXKGYU� YKVJ� VJG� ENKGPV�
CPF�WUGTU�� NKVGTCVWTG�UWTXG[U� TGICTFKPI�FGUCNKPCVKQP� VGEJPKSWGU�CPF�YCVGT�RWTKſECVKQP��6JG�CKO�QH�C�
Semi-Structured Interview is to obtain data while also allowing exploration of issues not yet considered 
(Wilson, 2013).

Methodology
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User research is important since it eliminates assumptions and provides design insights (Faulkner, 
������IKXGP�VJG�UKIPKſECPV�FKUVCPEG�HTQO�.C�)WCLKTC�CPF�KVU�KPJCDKVCPVU��URGEKCN�OGVJQFQNQIKGU�HQT�WUGT�
TGUGCTEJ� CTG� PGGFGF� KP� QTFGT� VQ� FGſPG� VJGKT� EJCTCEVGTKUVKEU� CPF� EQPVGZV�� #PCN[UKU� QH� WUGT� TGUGCTEJ�
provided insight into the behaviors and activities of The Wayuu people and how they deal with water 
shortage and scarcity.

6JG�IQCNU�CPF�UWD�QDLGEVKXGU�QH�VJKU�RTQLGEV�CTG�FGſPGF�VJTQWIJ�VJG�KORNGOGPVCVKQP�QH�CP�1DLGEVKXGU�
6TGG��YJKEJ�CNUQ�JGNRU�KFGPVKH[�VJGKT�TGNCVKQPUJKR�CPF�VJG�OGCPU�TGSWKTGF�VQ�HWNſNN�VJGO�
%TQUU���������
+P�CFFKVKQP��VJG�WUG�QH�C�(WPEVKQP�#PCN[UKU�OGVJQF�VQ�FGſPG�VJG�DQWPFCTKGU�QH�VJG�FGUCNKPCVKQP�U[UVGO�
provided an initial visualization of design parameters.

With the information gathered from the exploration phase, which includes the methodologies mentioned 
CDQXG��C�0GGFU�CPF�5RGEKſECVKQP�NKUVU�CTG�ETGCVGF�KP�QTFGT�VQ��KP�HWTVJGT�UVCIGU��GXCNWCVG�CPF�EQORCTG�
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 con-
cepts 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 Anal-
ysis 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.
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Figure 1. Design Process
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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.

6Q�RTQRGTN[�EQPſIWTG�C�U[UVGO�HQT�YCVGT�FGUCNKPCVKQP��C�ENGCT�WPFGTUVCPFKPI�QH�VJG�RTKPEKRNGU�QH�FGUCNK-
PCVKQP�CPF�VJG�GZKUVKPI�VGEJPQNQIKGU�DGJKPF�KV�CTG�PGEGUUCT[��#U�YGNN�CU�FGſPKPI��VJG�EQPFKVKQPU�PGGFGF�
VQ�ETGCVG�CP�GHſEKGPV�U[UVGO�CTG�MG[� VQ� VJG�RTQRGT�FGXGNQROGPV�QH� VJG�RTQLGEV��%QPUKFGTCVKQP�QH� VJG�
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.

The region of La Guajira is one of the 32 districts in which Colombia is politically and geographically di-
vided (The peninsula of La Guajira is shown in 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).

La Guajira

User research gives insights into how people interpret and use products and services. Innovative and 
RTQſVCDNG�KFGCU�CTG�VJG�TGUWNV�QH�WUGT�TGUGCTEJ�CPF�GZRNQTCVKQP�
(CWNMPGT���������2TQFWEV�FGXGNQROGPV�
varies depending on the users, context and customer requirements yet the success of the product relies 
QP�KVU�HWPEVKQPCN�GHſEKGPE[�RGTEGKXGF�D[�VJG�KPVGPFGF�CWFKGPEG��YJKEJ�KU�YJ[�WUCDKNKV[�KU�C�ITGCV�UVCTVKPI�
point to the development of any project (Goodman et al., 2012).
#P� KORQTVCPV�CPF�EQPƀKEVKXG�CURGEV�QH� VJKU�RTQLGEV� KU� VJG�UKIPKſECPV�FKUVCPEG� HTQO� VJG� KPVGPFGF�WUGT�
and context, which does not allow a one on one observation of the user or context analysis. In order to 
FGſPG�VJG�WUGT�IKXGP�VJG�EKTEWOUVCPEGU��KPVGTXKGYU�XKC�VGNGRJQPG�YKVJ�9C[WW�EQOOWPKV[�OGODGTU�KP�
Colombia and people who have worked with AnkarStiftelsen were implemented as a method of research 

&GſPKPI�VJG�7UGT
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Figure 2. Map of Colombia 
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and analysis. In addition to this, literature research, documentaries and other studies regarding the in-
digenous community of the Wayuu, their lifestyle and customs helped visualize the abilities, needs, and 
desires of the community.

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), 
HQTOKPI�C�ITQWR�QH�TGUKFGPEG�FGſPGF�D[�EQNNGEVKXG�NCPF�UQOGVKOGU�KPENWFKPI�OKNNU�VQ�RWOR�YCVGT�QT�CTVK-
ſEKCN�YGNNU�CPF�FCOU�KP�TKXGTDGFU�VQ�UVQTG�YCVGT��6JGKT�QTICPK\CVKQP�TGNKGU�QP�VJG�FKXKUKQP�QH�VCUM��KP�YJKEJ�
women are in charge of the activities within the Rancheria and men are responsible for grazing, hunting, 
CPF�ſUJKPI��)KXGP�VJG�FKHſEWNVKGU�QH�VJGKT�NKXKPI�EQPFKVKQPU��VJGKT�GEQPQOKE�CEVKXKVKGU�JCXG�GZRCPFGF�VQ�
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 cur-
rent 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.

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 in-
terviews held with Wayuu community members. Recent initiatives by active members of the community 

Wayuu Culture and Lifestyle
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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. 

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 devel-
QROGPV�YKVJ�VJG�KPVGPVKQP�QH�WUKPI�ſEVKQPCN�EJCTCEVGTU�CU�OGCPU�VQ�GZRTGUU�VJG�PGGFU�QH�FKHHGTGPV�WUGTU�

)QQFOCP�GV�CN����������(KIWTG��� KU�C�ITCRJKE�TGRTGUGPVCVKQP�QH� VJG�TGUWNVKPI�RGTUQPCU�� VJG[�UGGM�VQ�
illustrate the lifestyle of different members of the Wayuu community.

)KXGP�VJG�FKUVCPEG�CPF�FKHſEWNV[�QH�EQOOWPKECVKQP�YKVJ�WUGTU�KP�.C�)WCLKTC��VJG�9C[WW�EWNVWTG�YCU�TG-
UGCTEJGF�VJTQWIJ�GZKUVKPI�UVWFKGU�UWEJ�CU�2C\�4GXGTQN��U�ő.C�5QEKGFCF�9C[WWŒ�
�������CU�YGNN�CU�VJG�
PCVKQPCN�UVCVKUVKE�FGRCTVOGPV�QH�%QNQODKC��U�QPNKPG�FCVCDCUG�
&#0'���������+P�CFFKVKQP��CP�KPVGTXKGY�YKVJ�
one Wayuu woman in Colombia provided valuable information, which was then analyzed and concluded 
KP�VJG�ENCUUKſECVKQP�QH�WUGTU�DCUGF�QP�VJGKT�YCVGT�EQNNGEVKQP�TQWVKPGU��'CEJ�4CPEJGTKC�JCU�C�FKHHGTGPV�
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 environmen-
VCN�KORCEV�QH�VJG�EWTTGPV�YCVGT�RWTKſECVKQP�OGVJQFU�WUGF�KP�VJG�EQOOWPKVKGU�

/QUV�QH�VJG�YCVGT�RWTKſGTU�VJCV�JCXG�DGGP�FGXGNQRGF�CTG�PQV�CHHQTFCDNG�HQT�NQY��KPEQOG�EQOOWPKVKGU�
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 
EQPUWORVKQP�� VJG[�GPEQWTCIG�VJG�FGXGNQROGPV�QH�CP�CNVGTPCVKXG�FGUCNKPCVKQP�U[UVGO�HQT� VJKU�URGEKſE�
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, 
UWUVCKPCDNG�CPF�GHſEKGPV�UQNWVKQP�

7UGT�2TQſNG
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Figure 3. User Personas
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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 wa-
VGT�XCRQT�KU�VJGP�EQPFGPUGF�CPF�EQNNGEVGF�CU�RWTKſGF�YCVGT�
1PG�QH�VJG�OCP[�DGPGſVU�QH�FGUCNKPCVKQP�KU�VJG�NQY�EQUV�QH�RTQFWEVKQP�QH�DCUKE�CPF�UKORNG�UVKNNU��KP�CF-
dition, most of the technology can be used in either small or large scale. There are different types of 
FGUCNKPCVKQP�RTQEGUUGU�VJCV�CRRN[�PGY�VGEJPQNQIKGU�VQ�KPETGCUG�VJG�GHſEKGPE[�QH�VJG�RTQEGUU��[GV�VJG�
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 
QH�RQVCDNG�YCVGT��CP�CPCN[UKU�QH�VJGO�CPF�EQPENWUKQPU�QH�VJGKT�RCTCOGVGTU�CTG�KPENWFGF�KP�VJKU�UGEVKQP�

With the high rate of mortality as a result of diseases related to impure water consumption, different 
OGVJQFU�HQT�YCVGT�RWTKſECVKQP�JCXG�DGGP�FGXGNQRGF��UWEJ�CU�YCVGT�FGUCNKPCVKQP��9CVGT�FGUCNKPCVKQP�ECP�
DG�ENCUUKſGF�KP�OCP[�FKHHGTGPV�YC[U��KP�VJKU�TGRQTV��VJG�GZKUVKPI�VGEJPKSWGU�YKNN�DG�GXCNWCVGF�CEEQTFKPI�
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 ener-
gy consumption due to the requirement of high amounts of electricity or high tech components such as 
ſNVGTU��OGODTCPGU��GVE��5QNCT�&GUCNKPCVKQP��QP�VJG�EQPVTCT[��KU�C�UKORNG��EQUV�GHHGEVKXG�CPF�UWUVCKPCDNG�
method for it operates solely off solar radiation. Solar desalination is one of the most promising simple 
CPF�GEQPQOKE�OGVJQFU�HQT�YCVGT�RWTKſECVKQP�
6KYCTK�CPF�5CJQVC��������� +V�ECP�DG�WUGF� KP� NCTIG�CPF�
UOCNN�UECNG�RTQFWEVKQP�YJKEJ�CNNQYU�VJKU�V[RG�QH�RTQEGUU�VQ�DG�OQFKſGF�CPF�FGUKIPGF�HQT�FKHHGTGPV�EQP-
VGZVU��6JG�OCKP�EJCNNGPIG�KP�VJG�KORNGOGPVCVKQP�QH�5QNCT�&GUCNKPCVKQP�KU�QDVCKPKPI�C�JKIJGT�GHſEKGPE[�
U[UVGO�VJCV�ECP�RTQFWEG�UWHſEKGPV�COQWPV�QH�FTKPMCDNG�YCVGT�EQORCTGF�VQ�GZKUVKPI�RTQFWEVU��YKVJ�VJG�
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

Desalination Techniques
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Table 1. Comparison of Desalination Methods

Solar energy is considered, primarily as the radiation from sun rays that are used for practical means. 
6GEJPQNQIKGU�VJCV�WUG�UQNCT�GPGTI[�ECP�DG�ENCUUKſGF�CU�GKVJGT�RCUUKXG�QT�CEVKXG��#EVKXG�VGEJPQNQIKGU�
convert sunlight into electricity such as solar panels, while passive techniques use materials with ther-
mal 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 in-
creasing 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, inexhaust-
ible, 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, in-

Solar Radiation and Energy 
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Clean water scarcity is a worldwide problem, according to the United Nations it affects around 1.2 billion 
RGQRNG��/CP[�RTQLGEVU�VJCV�OCMG�WUG�QH�FGUCNKPCVKQP�RTKPEKRNGU�VQ�UQNXG�YCVGT�UECTEKV[��UQOG�QH�VJGO�YKNN�
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.

%NCUUKſECVKQP�QH�5QNCT�5VKNNU

As shown in Figure 4, parabolic stills implement so-
NCT�OKTTQTU� VQ� TGƀGEV�CPF�EQPEGPVTCVG�UWPNKIJV� VQ�C�
URGEKſE� RQKPV� VJWU� JGCVKPI� YCVGT� HCUVGT�� 6JG[� CTG�
capable of producing two liters of clean water a day 
HQT�GXGT[�USWCTG�OGVGT�QH� TGƀGEVKXG�CTGC� 
#TWPMW-
mar et al., 2012). The disadvantages of this type of 
system are the high cost of production and main-
tenance as well as the fragile nature of mirrors or 
TGƀGEVKXG�OCVGTKCN�WUGF�

Parabolic Stills

Figure 4. Parabolic Solar Still

crease 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)

Weir Type Stills
They consist of staggered horizontal tilted trays en-
closed in an insulated container in which water is 
evenly distributed. The principle relies on increas-
ing the surface area for evaporation by reducing 
the depth of water basins, these types of stills have 
DGGP�RTQXGP�VQ�JCXG�JKIJ�GHſEKGPE[�
#IJCGK�<QQTK�
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 Solar Still
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The use of wicking refers to the absorption and draw 
off liquid by the capillary action of a textile, which al-
lows 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 
U[UVGO�JCU�DGGP�RTQXGP�VQ�JCXG�VJG�UCOG�GHſEKGP-
cy 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.

Wick Solar Stills

Figure 6. Wick Solar Still

Basin stills are the most known and used solar stills 
and given their simple geometry as shown in Fig-
ure 7, they represent low-cost production. Although 
they are cheap to construct in any environment with 
C�XCTKGV[�QH�OCVGTKCNU��VJG[�RTGUGPV�VJG�NQYGUV�GHſ-
ciency of water production (Arunkumar et al., 2012).

Basin Solar Stills

Figure 7. Basin Solar Still

Concentric tubular stills, shown in Figure 8, consist 
of a rectangular water basin inside a glass or trans-
parent 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).

Tubular Solar Stills

Figure 8. Tubular Solar Still
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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 
EQNNGEVQT��6JG�GHſEKGPE[�QH�VJKU�U[UVGO�JCU�DGGP�RTQXGP�VQ�
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).

Semi Spherical Solar Stills

Figure 9. Semi spherical Solar Still

Given the short period of time to develop this project, references to existing evaluations and study of 
VJG�CDQXG�OGPVKQPGF�UQNCT�UVKNNU�YGTG�WUGF�VQ�GXCNWCVG�VJGKT�GHſEKGPE[��#P�GZRGTKOGPVCN�UVWF[�QP�8CTK-
ous Solar Still Designs (Arunkumar et al., 2012) evaluated the performance of six different designs. As 
(KIWTG����UJQYU��VJG�GHſEKGPE[�QH�GCEJ�UVKNN�YCU�OGCUWTGF�HQT�HQWT�OQPVJU��EQPENWFKPI�VJCV�VJG�JKIJGUV�
GHſEKGPE[�YCU�RGTHQTOGF�D[�6WDWNCT�5VKNNU��6JGKT�UWEEGUU�TGNKGU�QP�VJG�JKIJ�VJGTOCN�GHſEKGPE[��VJKU��CU�
a result of no having structural walls, which can cause considerable shadow decreasing the absorption 
of solar radiation. 

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
�8CRQT�6KIJVPGUU

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).
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#HVGT�VJG�KPKVKCN�TGUGCTEJ�CPF�CPCN[UKU�QH�UQNCT�FGUCNKPCVKQP�CPF�ENCUUKſECVKQP�QH�UQNCT�UVKNNU��DCUKE�EQORQ-
PGPVU�YGTG�KFGPVKſGF�CPF�ICXG�RCVJ�VQ�VJG�ETGCVKQP�QH�UWDU[UVGOU�KP�QTFGT�VQ�DGVVGT�WPFGTUVCPF�JQY�VJG�
principle of desalination works. The study also provided insightful information regarding considerations 
HQT�VJG�KPETGOGPV�QH�GHſEKGPE[�CPF�RTQRGT�EQPUVTWEVKQP�QH�UQNCT�UVKNNU��6JG�UWDU[UVGOU�CPF�EQPENWUKQPU�
drawn for each of them are presented in sections 2.6.1-2.6.3

Components and Considerations for Solar Stills

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.

Heat Collection 

This system is focused on the absorption, retention and heat transfer to the body of water in order in-
crease temperature and allow evaporation. This system requires special observation to heat transfer 
EQGHſEKGPVU�QH�OCVGTKCNU�KP�QTFGT�VQ�GPUWTG�C�JKIJ�GHſEKGPE[�QH�VJG�GPVKTG�U[UVGO�

Heat Retention
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The condenser is a system aimed to reduce the time of condensation of water vapor in order to increase 
VJG�GHſEKGPE[�QH�VJG�U[UVGO��#�RTQRGT�FGUKIP�JCU�VQ�EQPUKFGT�YCVGT�CDUQTRVKQP�ECRCEKV[�QH�OCVGTKCNU��CU�
well as the temperature difference between the water container and the condensation area.

6JG�FGUKIP�CPF�GHſEKGPE[�QH�UQNCT�FGUCNKPCVKQP�UVKNNU�FGRGPF�QP�OCP[�HCEVQTU�YJKEJ�KPENWFG�VJG�RTQRGT�
EQODKPCVKQP�QH�OCVGTKCNU�CPF�IGQOGVT[��6JG�RQNNWVKQP�HTGG�VGEJPQNQI[��ƀGZKDKNKV[�HQT�FQOGUVKE�CPF�EQO-
mercial purposes of solar desalination stills as well as the relatively low maintenance cost are only some 
QH�VJG�CFXCPVCIGU�QH�VJKU�FGUCNKPCVKQP�OGVJQF��6JGKT�UKORNG�HWPEVKQPKPI�EQPEGRV�CPF�ƀGZKDKNKV[�QH�FGUKIP�
has resulted in the development different proposals that aim to increase the low water production of this 
OGVJQF�QH�YCVGT�RWTKſECVKQP�

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.

Condensation System

&GJWOKFKſGTU�CU�YCVGT�EQNNGEVQTU
&GJWOKFKſECVKQP� KU�C�EQPEGRV�DCUGF�QP�TGOQXKPI�VJG�OQKUVWTG� HTQO�VJG�CKT� KP� VJG�GPXKTQPOGPV�� VJG[�
absorb air and with the use of coolant pipes transform the moisture into liquid water. Moisture free air is 
VJGP�TGNGCUGF�VQ�VJG�GPXKTQPOGPV�CICKP��#�UEJGOCVKE�TGRTGUGPVCVKQP�QH�VJG�HWPEVKQP�QH�C�FGJWOKFKſGT�KU�
shown in Figure 11.
6JGTG�CTG�RTQLGEVU�QH�YCVGT�IGPGTCVKQP�CPF�RWTKſECVKQP�VJCV�KORNGOGPV�FGJWOKFKſGTU��OQUVN[�VQ�TGFWEG�
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 har-
DQT�DKQNQIKECN�EQPVCOKPCPVU�YJGP�OCKPVGPCPEG�KU�PQV�HTGSWGPVN[�IKXGP�VQ�FGJWOKFKſGTU��/QTGQXGT��VJG�
cooling pipes and other components can spread metal residues to the resulting water (Martin, 2015). 
7PNKMG�QVJGT�YCVGT�RWTKſECVKQP�RTQEGUUGU��FGJWOKFKſGTU�FQ�PQV�UVGTKNK\G�VJG�YCVGT�QDVCKPGF�HTQO�VJG�GP-
vironment 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 prod-
uct. 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 
FGUCNKPCVKQP�UVKNNU�CTG�C�OQTG�XKCDNG�CPF�EQUV�GHHGEVKXG�UQNWVKQP�VJCP�FGJWOKFKſGTU�QT�UKOKNCT�CRRNKCPEGU��
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.

Having stated the above, the solution developed should focus on the implementation of solar desalina-
VKQP�VGEJPKSWGU�VQ�KORTQXG�VJG�GHſEKGPE[�QH�YCVGT�RTQFWEVKQP�EQORCTGF�VQ�GZKUVKPI�RTQFWEVU�YJKNG�CNUQ�
maintain an independency from external resources such as electricity and foreign technology.

Figure 11.�5EJGOCVKE�TGRTGUGPVCVKQP�QH�C�&GJWOKFKſGT
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preliminary 
study

03
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#�UVWF[�CPF�CPCN[UKU�QH�GZKUVKPI�RTQFWEVU�YGTG�ECTTKGF�QWV�VQ�EQORCTG�VJGKT�GHſEKGPE[�KP�TGNCVKQP�VQ�VJG�
OCVGTKCNU�CPF�IGQOGVT[�WUGF�KP�VJGKT�RTQFWEVKQP��6JG�QDLGEVKXG�QH�VJKU�UVWF[�KU�VQ�ſPF�CP�CTGC�QH�QRRQTVW-

PKV[�VQ�KORTQXG�GZKUVKPI�OQFGNU��+V�CNUQ�UGTXGU�CU�C�DCUKU�HQT�VJG�RTQLGEV�IKXGP�VJG�FKHſEWNV[�VQ�UKOWNCVG�C�
working prototype in the Winter Swedish weather, studying and analyzing existing desalination products 

will provide insights into design considerations and design opportunities.

&KHHGTGPV�UQNCT�UVKNNU�JCXG�DGGP�FGXGNQRGF�CPF�VGUVGF��UQOG�QH�VJG�OQUV�TGNGXCPV�CPF�GHſEKGPV�OQFGNU�
CTG�UJQYP�CPF�FGUETKDGF�DGNQY��KPENWFKPI�VJG�TGCUQP�HQT�VJGKT�JKIJ�GHſEKGPE[�CU�YGNN�CU�FTCYDCEMU�QH�
the system.

Benchmarking

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 

GHſEKGPE[�

As well as methodologies such as Objectives Tree and Function analysis which helped converge the 

KPHQTOCVKQP�QDVCKPGF�CPF�IWKFG�VJG�RTQLGEV�VQ�C�URGEKſE�HWPEVKQPCN�IQCN�YJKNG�RTQXKFKPI�RCTCOGVGTU�CPF�
criteria to evaluate future concepts and solutions. 

(�%WDGF�KU�C�UQNCT�FGUCNKPCVKQP�U[UVGO�YJKEJ�TGSWKTGU�PQ�ſNVGTU��EJGOKECNU�QT�RQYGT�UQWTEG�VQ�RTQFWEG�
10 liters of potable water per day at an average temperature of 30 °C (Fcubed, 2018). This system allows 

TCKPYCVGT�JCTXGUVKPI�VQ�KPETGCUG�VJG�YCVGT�KPRWV�CU�YGNN�CU�C�UQNCT�RWOR�VQ�CWVQOCVK\G�VJG�YCVGT�ƀQY��
F- Cubed panels, shown in Figure 12, work based on a weird type solar still and wicking techniques. 

5CNKPG�QT�$TCEMKUJ�YCVGT�GPVGTU�HTQO�VJG�VQR�QH�VJG�RCPGN�CPF�ƀQYU�FQYP�CP�KPVGTPCN�HCDTKE�CNNQYKPI�VJG�
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. 

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.

F-Cubed
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Designed by Gabriel Diamanti, Eliodomestico is a solar household desalination still for developing coun-
tries (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 pres-
sure inside the basin and is forced down a metal pipe to a condensation lid and ceramic water container 
VQ�DG�EQNNGEVGF�D[�VJG�WUGT��'NKQFQOGUVKEQ��UJQYP�KP�(KIWTG�����KU�ECRCDNG�QH�RTQXKFKPI�WR�VQ�ſXG�NKVGTU�
QH�FTKPMCDNG�YCVGT�RGT�FC[�
)CDTKGNGFKCOCPVK��������� +P�CFFKVKQP�VQ� KVU�JKIJ�GHſEKGPE[�� KV�ECVGTU� VQ� VJG�
habits and culture of the intended user as well as their economic activities. However, the water collec-
VKQP�EQPVCKPGT�OWUV�DG�GORVKGF�HTGSWGPVN[�VQ�CXQKF�QXGTƀQY��YJKEJ�TGSWKTGU�VJG�WUGT�VQ�JCXG�C�EQPUVCPV�
supervision of the system.

Eliodomestico

Figure 12. F-Cubed Figure 13. Eliodomestico Figure 14. Solar Ball

Solarball is a project developed by Jonathan Liow at the Monash University, consists of a sustainable 
YCVGT�RWTKſECVKQP�U[UVGO�DCUGF�QP�UQNCT�FGUCNKPCVKQP��6JG�URJGTKECN�OQFGN��UJQYP�KP�(KIWTG�����ECP�
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 
RTGUGPV�C�RQUUKDNG�EQPƀKEV�YJGP�FGUVKPGF�VQ�DG�WUGF�KP�XWNPGTCDNG�EQOOWPKVKGU��5WEJ�OCVGTKCNU�OWUV�
be able to withstand high temperatures and constant exposure to the sun as well as overall harsh envi-
ronmental conditions.

Solar Ball
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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 equal-
ly 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 
VJKU�EQNQT�VQ�CDUQTD�CPF�TGVCKP�JGCV��VJWU�CNNQYKPI�C�OQTG�GHſEKGPV�YCVGT�JGCVKPI�U[UVGO��'NKQFQOGUVKEQ�
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 
GHſEKGPV�U[UVGO�VJCP�5QNCTDCNN��'NKQFQOGUVKEQ�VCMGU�KPVQ�EQPUKFGTCVKQP�VJG�FGUVKPGF�EQPVGZV�CPF�OCMGU�
use of local activities and materials to create a sustainable system of water desalination.

Table 2. Benchmarking Comparison
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With the conclusions drawn from the background study and benchmarking analysis, objectives were 
FGſPGF�KP�TGNCVKQP�VQ�FKHHGTGPV�CTGCU�QH� KORTQXGOGPV�QH�FGUCNKPCVKQP�VGEJPKSWGU��6JG�OCKP�QDLGEVKXGU�
CTG�NKUVGF�DGNQY�KP�QTFGT�QH�KORQTVCPEG��VJG�ſTUV�CPF�HQTGOQUV�KU�VJG�IQCN�QH�RTQFWEKPI�FGUCNKPCVGF�YCVGT�
acceptable for human consumption. Taking into consideration the context of use and users, a sustain-
CDNG�CPF�NQY�EQUV�OGVJQF�KU�TGSWKTGF�YJKNG�OCKPVCKPKPI�C�JKIJ�QT�EQORGVKVKXG�GHſEKGPE[�KP�EQORCTKUQP�
to existing products.

Provide Clean Water
 Desalinate Water 
 Filter Contaminants
Sustainable
 Locally Available Materials
 Low energy consumption
 Low Maintenance
Ergonomic
 Simple Assembly
Reliable
 Stable
� 'HſEKGPV
Adequate
� 4GƀGEV�EQOOWPKV[�XCNWGU
 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 repre-
sentation 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 

%TQUU���������6JG�UVCVGF�QDLGEVKXGU�CPF�VJG�YC[�VJG[�YKNN�DG�CEJKGXGF�YKNN�DG�ENCTKſGF�CPF�FGVGTOKPGF�
according to conclusions drawn from Function analysis methodologies and Benchmarking research.

1DLGEVKXGU�&GſPKVKQP
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Figure 15. Objectives Tree

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 commu-
PKVKGU�KP�.C�)WCLKTC��#PMCTUVKHVGNUGP�JCF�CP�KPKVKCN�RTQRQUCN�VQ�KORNGOGPV�C�FGJWOKFKſGT�YKVJKP�VJG�&GUCNK-
PCVKQP�5VKNN��6JKU�KFGC�KU�DCUGF�QP�VJG�CUUWORVKQP�QH�VJG�FGJWOKFKſGT�KPETGCUKPI�VJG�COQWPV�QH�FTKPMCDNG�
water obtained. In order to assess such proposal, function analysis was done for both a system that 
KPVGITCVGU�C�FGJWOKFKſGT�CPF�C�5QNCT�&GUCNKPCVKQP�5VKNN��(KIWTG����UJQYU�VJG�HWPEVKQPCN�CPCN[UKU�QH�C�
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.

Function Analysis
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6JKU�DQWPFCT[�YQTMU�CU�C�IWKFG�HQT�VJG�RTQLGEV�FGXGNQROGPV�CPF�CNNQYU�VJG�KFGPVKſECVKQP�QH�EQORQPGPVU�
needed for the working system.
As means of comparing the number of inputs, outputs, and components needed in a system that in-
VGITCVGU� C� FGJWOKFKſGT� KP� VJG� FGUCNKPCVKQP� RTQEGUU�� C� HWPEVKQP� CPCN[UKU�YCU� CNUQ� ECTTKGF� QWV� CPF� KU�
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% 
CTG� KNNKVGTCVG��FGOCPFU�RTGXKQWU�GFWECVKQP�TGICTFKPI� VJG�WUG�QH�FGJWOKFKſGTU�CPF�FGNC[U� VJG�RTQLGEV�
development in the time given.

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 environ-
mental 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 devel-
op a large-scale product that can be widely distributed, yet they lack consideration of environmental fac-
tors 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.

.QQMKPI�CV�VJG�GZKUVKPI�RTQFWEVU�CPF�RTKPEKRNGU�QH�FGUCNKPCVKQP��VJGTG�KU�CP�QRRQTVWPKV[�VQ�KPETGCUG�GHſ-
EKGPE[�D[�FKXKFKPI�VJG�QXGTCNN�U[UVGO�KPVQ�UWD��U[UVGOU��6JKU�YKNN�TGUWNV�KP�C�OQTG�GHſEKGPV�EQPFGPUCVKQP�
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.

Design Oportunity
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Figure 16. Function Analysis of basic system for water desalination
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Figure 17.�(WPEVKQP�#PCN[UKU�QH�FGUCNKPCVKQP�YKVJ�FGJWOKFKſGT�
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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 
CU�KPKVKCN�CVVTKDWVGU�CPF�TGSWKTGOGPVU��VJGUG�ECP�VJGP�DG�KPVTQFWEGF�VQ�C�RGTHQTOCPEG�URGEKſECVKQP�YJKEJ�
provides a graphic and organized way to state the general characteristics for the evaluation of solutions 
(Cross, 2008).

+P�QTFGT�VQ�JGNR�FGſPG�VJG�FGUKIP�RTQDNGO�KP�VGTOU�QH�HWPEVKQPU��KPKVKCN�RGTHQTOCPEG�CVVTKDWVGU�YGTG�UGV�KP�
C�NKUV�QH�FGOCPFU�CPF�YKUJGU�CU�UJQYP�KP�6CDNG����6JG�ENCUUKſECVKQP�KP�FGOCPFU�CPF�YKUJGU�KU�DCUGF�
on the importance or relevance each attribute has over the main function of the system, which is the pro-
duction 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 depend-
KPI�QP�VJG�KORQTVCPEG�QH�VJG�CVVTKDWVG�CPF�VJGKT�KPFKXKFWCN�RCTCOGVGTU�HQT�HWNſNNOGPV��#�DCUKE�FGUETKRVKQP�
QH�VJG�HWNſNNOGPV�QH�GCEJ�RGTHQTOCPEG�CVVTKDWVG�KU�CNUQ�KPENWFGF�KP�VJG�VCDNG�VQ�EQOOWPKECVG�JQY�GCEJ�
CVVTKDWVG�KU�VQ�DG�FGſPGF��6JKU�NKUV�QH�KPKVKCN�RGTHQTOCPEG�CVVTKDWVGU�NKGU�QP�C�IGPGTCN�NGXGN�QH�FGUETKRVKQP��
VJG�GXCNWCVKQP�RCTCOGVGTU�YKNN�DG�UVCVGF�CU�OGCUWTCDNG�FCVC�KP�C�URGEKſECVKQP�NKUV�HWTVJGT�KPVQ�VJG�FGUKIP�
process.

&GſPKPI�2GTHQTOCPEG�#VVTKDWVGU

Performance Attributes are an expression of what the design solution must achieve yet they do not 
GZRTGUU�RTGEKUGN[�JQY�VJQUG�RCTCOGVGTU�CTG� VQ�DG�GXCNWCVGF�
%TQUU���������6JG�URGEKſECVKQP�QH� VJG�
attributes is done by means of objective and qualitative data gathered from initial literature study and 
EQPENWUKQPU�HTQO�VJG�ſTUV�UVCIGU�QH�VJG�FGUKIP�RTQEGUU��5WEJ�URGEKſECVKQPU�CTG�FKTGEVN[�TGNCVGF�VQ�RJ[U-
ical characteristics of the possible solutions, thus, resulting in sets of measurable data against which 
EQPEGRVU�YKNN�DG�GXCNWCVGF��6JG�GUVCDNKUJGF�URGEKſECVKQPU�UJQWNF�DG�UGV�KP�TCPIGU�YKVJKP�YJKEJ�FGUKT-
CDNG�QT�CEEGRVCDNG�RGTHQTOCPEG�NKGU�
%TQUU���������PQV�UVCVKPI�UGVU�QH�RTGEKUG�NKOKVU�CNNQYU�ƀGZKDKNKV[�KP�
the concept generation as well as an iteration to improve solutions.

2TQFWEV�5RGEKſECVKQP
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Table 3. Performance Atrributes Table

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. 
(QT�GZCORNG��VJG�CVVTKDWVG�ő.QY�OCKPVGPCPEGŒ�KU�FKTGEVN[�CHHGEVGF�D[�VJG�NKHG�URCP�QH�VJG�EQORQPGPVU�CU�
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 
C�JKIJ�GHſEKGPV�U[UVGO�CPF�RTQRGT�YCVGT�QWVRWV�SWCNKV[�UWKVCDNG�HQT�JWOCP�EQPUWORVKQP��6JG�#VVTKDWVGU�
are ranked in importance based on the relevance they have over the main function of the product, which 
is the production of consumable water.
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Table 4. Attributes and Characteristics

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 de-
termine how well vapor is contained in the still and prevent water leaking from the system. The tempera-
ture 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 
CHHGEVKPI�VJG�GHſEKGPE[�QH�VJG�U[UVGO��*GCV�6TCPUHGT�TGHGTU�VQ�VJG�ECRCEKV[�QH�JGCV�TGVGPVKQP�QH�C�OCVGTKCN��
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 
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water can be measured by the concentration of salt in it, while the low energy consumption is measured 
D[�YCVVU�EQPUWOGF��6JG�PGZV�UVGR�VQ�ETGCVG�C�URGEKſGF�TGSWKTGOGPV�HQT�GXCNWCVKQP�KU�VJG�FGſPKPI�QH�JQY�
characteristics will be measured and based on initial research, set ranges of ideal and marginal per-
HQTOCPEG��6CDNG����UJQYU�VJG�URGEKſECVKQP�VCDNG��#U�6CDNG���UJQYU��EJCTCEVGTKUVKEU�TGNCVGF�VQ�WUCDKNKV[�
YGTG�PQV�KPENWFGF�IKXGP�VJG�FKHſEWNVKGU�GPEQWPVGTGF�KP�VJG�WUGT�TGUGCTEJ�

The distance from the context of use and time given to develop the project do not allow a proper exper-
imentation and testing of usability with real users, thus the project only provides the development of a 
ſTUV�RTQRQUCN�HQEWUKPI�QP�HWPEVKQPCN�CURGEVU��

Table 5.�5RGEKſECVKQP�6CDNG
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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, elec-
tricity 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 
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This chapter synthesizes the information gathered from literature review, user analysis and benchmark-
KPI�VQ�KFGPVKH[�FKHHGTGPV�VGEJPKSWGU�CPF�GNGOGPVU�VJCV�KPƀWGPEG�VJG�GHſEKGPE[�QH�FGUCNKPCVKQP�U[UVGOU��
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 
EQPEGRVU�YKNN�VJGP�DG�VGUVGF�WUKPI�NQY�ſFGNKV[�RTQVQV[RGU�CPF�GXCNWCVGF�CICKPUV�VJG�URGEKſECVKQP�VCDNG�

This methodology is adequate in order to generate concepts based on existing technologies that can in-
ETGCUG�VJG�GHſEKGPE[�QH�VJG�FGUCNKPCVKQP�RTQEGUU��+P�CFFKVKQP��KV�CNNQYU�C�YKFG�TCPIG�QH�CNVGTPCVKXG�FGUKIP�
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. 
$CUGF�QP�EQPENWUKQPU�HTQO�VJG�ENCUUKſECVKQP�QH�FGUCNKPCVKQP�UVKNNU�CPF�DGPEJOCTMKPI�CPCN[UKU��RQUUKDNG�
solutions were introduced for each sub-system. The possible sub-solutions were then used to generate 
FKHHGTGPV�EQPEGRVU�VCMKPI�KPVQ�CEEQWPV�VJG�EQPVGZV��WUGT�PGGFU��CPF�VJG�URGEKſECVKQP�NKUV��

This methodology is adequate in order to generate concepts based on existing technologies that can 
KPETGCUG�VJG�GHſEKGPE[�QH�VJG�FGUCNKPCVKQP�RTQEGUU��+P�CFFKVKQP�� KV�CNNQYU�VJG�GZRNQTCVKQP�QH�CNVGTPCVKXG�
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 proj-
ect set up the creation of four initial concepts that combine existing technologies and methods for water 
FGUCNKPCVKQP�YKVJ�VJG�RWTRQUG�QH�KPETGCUKPI�VJG�GHſEKGPE[�QH�VJG�U[UVGO�CPF�EQPUKFGTKPI�VJG�EQPVGZV�QH�
use. The concepts generated were based on the feasibility of their production and use, for example ma-
terials 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 integrat-
GF�OCVGTKCNU�CPF�OGEJCPKUOU�VJCV�JCXG�DGGP�RTQXGP�VQ�JCXG�C�JKIJ�GHſEKGPE[�KP�FGUCNKPCVKQP��DCUGF�
on existing literature.

Morphological Chart
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Concept 1 Concept 2 Concept 3 Concept 4

Figure 18. Initial Morphological Chart

%QPEGRV�QPG��KNNWUVTCVGF�KP�(KIWTG�����EQPUKUVU�QH�VTCPURCTGPV�RNCUVKE�EQPVCKPGTU�YKVJ�RCTCDQNKE�TGƀGEVQTU�
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.

%QPEGRV�VYQ�TGUGODNGU�VJG�ſTUV�KP�IGQOGVT[��JQYGXGT�KPUVGCF�QH�C�RCTCDQNKE�TGƀGEVQT�KV�KORNGOGPVU�VJG�
use of copper to transfer heat to the body of saline water. This concept is shown in Figure 20. On the 
QVJGT�JCPF��EQPEGRV�VJTGG��UJQYP�KP�ſIWTG�����KORNGOGPVU�C�VWDWNCT�EQRRGT�EQPVCKPGT��VJG�WUG�QH�EQRRGT�
as the evaporation basin reduces the need for components or sunray collection systems given the prop-
GTVKGU�QH�EQRRGT��6JG�XCRQWT�KU�VJGP�EQNNGEVGF�XKC�RTGUUWTG�ƀQY�KP�C�UGRCTCVG�EQPVCKPGT�YKVJ�ECUV�NKPKPI�
to decrease the temperature of the condensation surface.
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(KPCNN[��EQPEGRV���KORNGOGPVU�C�VWDWNCT�IGQOGVT[�CU�EQPEGRV����IKXGP�VJG�RTQXGP�JKIJGT�GHſEKGPE[�QH�
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 
KORNGOGPV�FKHHGTGPV�VGEJPKSWGU�VQ�KPETGCUG�GHſEKGPE[�YGTG�UGNGEVGF�VQ�DG�DWKNF�CPF�VGUVGF�KP�QTFGT�VQ�
prove their expected performance.

Figure 19. Concept 1 Figure 20. Concept 2 Figure 21. Concept 3

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 evalu-
CVKPI�VJG�UGNGEVGF�EQPEGRVU�YKVJ�QWV�TGSWKTKPI�JKIJ�ſFGNKV[�QH�EQPUVTWEVKQP��.QY�ſFGNKV[�HWPEVKQPKPI�RTQVQ-
V[RGU�YGTG�ETGCVGF�CV�C�UOCNN�UECNG�HQT�VJG�ſTUV�VYQ�EQPEGRVU��UJQYP�KP�+OCIGU����CPF�����KP�OGCPU�VQ�
obtain an approximate test of the basic function of the concepts. This collection of empirical studies have 
VJG�RWTRQUG�QH�GXCNWCVKPI�VJG�EQODKPCVKQP�QH�OCVGTKCNU�CPF�IGQOGVT[�HQT�VJG�EQPſIWTCVKQP�QH�C�RTQRGT�
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 

Rapid prototyping for Functionality Tests
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Figure 22. Concept 4

input and the water output of the system. The time for condensation was considered as the moment in 
YJKEJ�VJG�ſTUV�EQPFGPUGF�YCVGT�KU�EQNNGEVGF��VJG�UKOWNCVKQPU�CHVGT�QPG�JQWT�FKF�PQV�TGUWNV�KP�C�OGCUWT-
able 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 exposure to light and a stable room temperature, no con-
siderable amounts of water output were produced.

6JG�ENKOCVKE�EQPFKVKQPU�QH�VJG�VGUVKPI�NQECVKQP��5MÑXFG�5YGFGP��FWTKPI�VJG�YKPVGT�OQPVJU��OCMG�KV�FKHſEWNV�
to simulate even an approximate amount of solar radiation and heat to assess the overall performance 
QH�VJG�RTQVQV[RGU��)KXGP�VJGUG�EQORNKECVKQPU�VJG�FCVC�EQNNGEVGF�YCU�KPUWHſEKGPV�VQ�RTQRGTN[�GXCNWCVG�VJG�
EQPEGRVU�CICKPUV�VJG�URGEKſECVKQP�VCDNG��#U�C�TGUWNV��VJG�EQPEGRVU�YKNN�DG�UGNGEVGF�DCUGF�QP�RTGXKQWU�
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 pres-
ent expansion when exposed to heat (Reali and Modiga, 2008) for large periods of time, reducing the 
GHſEKGPE[�QH�VJG�U[UVGO��%QPEGRV�VJTGG�WUGU�C�EQRRGT�VWDG�CU�VJG�UCNKPG�YCVGT�DCUKP�CPF�UWP�EQNNGEVQT�
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 ca-
pable of conducting heat received form solar radiation rapidly across its surface, consequently reducing 
the time for water to star evaporating.

Figure 23. Prototype Concept 1 Figure 24. Prototype Concept 2
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It has been mentioned before that one of the main drawbacks of traditional solar stills is their low produc-
tion 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 compo-
nents, 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 
CPF�EQPFGPUKPI�UWTHCEG�YJKEJ�TGFWEGF�VJG�GHſEKGPE[�QH�VJG�U[UVGO��6JG�FKXKUKQP�QH�VJG�UVKNN�KP�UWD��U[U-
tems has the purpose to completely separate the evaporation chamber from the condenser. This sepa-
ration 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 gener-
ate different alternatives to solve each individual function. The following chapters will be oriented to the 
ideation and testing of detailed concepts.

Given the high technically of the project, a methodology that could guide the idea generation in a con-
vergent 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 
VJCV�D[�CUMKPI�VJG�TKIJV�SWGUVKQPU�QT�őVJKPMKPI�KPUKFG�VJG�TKIJV�DQZŒ��KFGCVKQP�RTQEGUU�CTG�OQTG�NKMGN[�VQ�
UWEEGGF�KP�ſPFKPI�RTQRGT�UQNWVKQPU�
%Q[PG�CPF�%Q[PG���������6JKU�VJQWIJV�RTQEGUU�KU�KORQTVCPV�YJGP�
working on highly functional projects that require a focus on proven or highly probable functional inno-
vations.

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 de-
sign proposals (Cross, 2008). 

Brain-steering and Detailed Morphological 
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Figure 25. Detailed Morphological chart
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The solutions considered for each system were the result of brainstorming sessions using synectics, a 
ETGCVKXG�VJKPMKPI�OGVJQF�HQEWUGF�QP�ETGCVKPI�KFGCU�VQYCTFU�C�URGEKſE�UQNWVKQP�D[�WUKPI�FKTGEV�CPCNQIKGU�
(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 
C�DKIIGT�QPG��VJG�CTGC�FKHHGTGPEG�KU�ſNNGF�YKVJ�YGV�UCPF��VJG�GXCRQTCVKQP�QH�VJG�YCVGT�ECWUGU�VJG�KPPGT�
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.
9CVGT�KPRWV�KFGCU�YGTG�HQEWUGF�QP�JQY�VJG�GXCRQTCVKQP�U[UVGO�YCU�VQ�DG�ſNNGF�CPF�TGſNNGF�VQ�VJG�CF-
equate water quantity. Several ideas were manually manipulated by the users and required additional 
RGTUQPCNK\GF�EQORQPGPVU�VQ�HWPEVKQP��$[�KORNGOGPVKPI�C�ƀQCV�XCNXG��QHVGP�WUGF�KP�EQHHGG�OCMGTU�CPF�
QVJGT�ſNNKPI�U[UVGOU��EQPUVCPV�UWRGTXKUKQP�QH�VJG�WUGT�KU�PQ�NQPIGT�TGSWKTGF��/QTGQXGT��KV�ECP�DG�UGV�VQ�C�
URGEKſE�COQWPV�QH�YCVGT�KPRWV�EQPUGSWGPVN[�GPUWTKPI�C�RTQRGT�SWCPVKV[�QH�YCVGT�KPUKFG�VJG�GXCRQTCVKQP�
chamber. 
By using tubular stills and separating the condenser from the evaporation chamber, a system to conduct 
YCVGT�XCRQWT�KPVQ�VJG�ſPCN�EQPVCKPGT�KU�TGSWKTGF��)KXGP�VJG�RTKPEKRNGU�QH�XCRQWT�DGJCXKQWT��VJG�RTGUUWTG�
created in the copper tube when water evaporates, buoyancy forces will suck the vapour from the cop-
per tube into the condenser (Lindblom, 2011). This evaluation and consideration of possible solutions 
TGUWNVGF�KP�VJG�ETGCVKQP�QH�C�ſHVJ�EQPEGRV��UJQYP�KP�(KIWTG�����5WEJ�EQPEGRV��KP�VJGQT[��YKNN�TGUWNV�KP�C�
EQORGVKVKXG�GHſEKGPV�U[UVGO�DCUGF�QP�NKVGTCVWTG�UVWF[�CPF�CPCN[UKU�QH�GZKUVKPI�UQNCT�FGUCNKPCVKQP�VGEJ-
niques and products. However, a functionality test is required to prove such principle, given that the 
GHſEKGPE[�QH�VJKU�EQPEGRV�TGNKGU�QP�VJG�ECRCEKV[�QH�YCVGT�XCRQWT�VQ�DG�EQPFWEVGF�VQ�VJG�EQPFGPUGT�

Figure 26.  Concept 5
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6JG�RGTHQTOCPEG�CPF�GHſEKGPE[�QH�%QPEGRV���TGNKGU�QP�VJG�RTKPEKRNG�VJCV�YCVGT�XCRQWT�YKNN�VTCXGN�JQTK\QP-
tally 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 
C�NQYGT�VGORGTCVWTG�EQPVCKPGT��EQPUKFGTKPI�VJG�JKIJ�FKHſEWNV[�QH�TGETGCVKPI�GPXKTQPOGPVCN�EQPFKVKQPU�KP�
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 
���KV�KU�WUGHWN�VQ�UKOWNCVG�VJG�JQTK\QPVCN�ƀQY�QH�YCVGT�XCRQWT��

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 
CPF�VJGP�YKNN�GZRCPF�KPETGCUKPI�VJG�GHſEKGPE[�QH�VJG�U[UVGO�

5RGEKſE�(WPEVKQP�6GUV

Figure 27.  Functionality Test Figure 28.  Detail of Functionality Prototype
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Evaluation of 
selected concepts

06
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The use of a planned design methodology allows the process of construction or production to be sepa-
rated from the creation process, enabling the proposals to be evaluated before having them produced 

%TQUU���������$[�EQORCTKPI�VJG�UGNGEVGF�EQPEGRV�CICKPUV�VJG�URGEKſECVKQP�VCDNG�CPF�CRRN[KPI�QVJGT�
OGVJQFU�QH�GXCNWCVKQP��HCEKNKVCVGU�VJG�KFGPVKſECVKQP�QH�RQUUKDNG�GTTQTU�KP�VJG�FGUKIP�CPF�KORTQXGOGPVU�
to be made. This chapter presents the result of the evaluation phase of the selected concept for further 
development.

6JG�GXCNWCVKQP�QH�%QPEGRV���CICKPUV�VJG�URGEKſECVKQP�VCDNG�ECP�DG�UGGP�KP�6CDNG����GXCNWCVKQP�ETKVGTKC�HQT�
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. 

%QORCTKUQP�CICKPUV�5RGEKſECVKQP�6CDNG

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) 
OGCPKPI�YJGP�GZRQUGF�VQ�YKPF�QT�YCVGT�ƀQY�KVU�VGORGTCVWTG�TGFWEGU��5WEJ�TGUWNVU�NGF�VQ�VJG�KORNG-
mentation of a heat retention system, focusing on researching traditional and easily available materials.
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Table 6. Evaluation of Concept 5
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&WG�VQ�VJG�TGUWNV�QH�VJG�ſTUV�EQORCTKUQP�CICKPUV�VJG�URGEKſECVKQP��VJG�UGNGEVGF�EQPEGRV���TGSWKTGU�VJG�
implementation of a heat retention system that prevents heat loss when exposed to wind, rain or hu-
mid 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 
NQY�EQGHſEKGPV�OCMGU�VJKU�RCTVKEWNCT�OCVGTKCN�VJG�CDKNKV[�VQ�TGVCKP�JGCV�HQT�GZVGPFGF�RGTKQFU�QH�VKOG��HQT�
GZCORNG��QPG�MKNQITCO�QH�UCPF�YKNN�VCMG�WR�VQ�ſXG�JQWTU�VQ�TGFWEG�KVU�VGORGTCVWTG�HTQO����u%�VQ����u%��
+P�CFFKVKQP�VQ�UGFKOGPVCT[�UCPF��EGTVCKP�PCVWTCN�ſDGTU�CNUQ�RTGUGPV�JKIJ�JGCV�TGVGPVKQP�RTQRGTVKGU��UWEJ�
CU�YQQN�CPF�EQVVQP�
'PGTI[�IQX���������$QVJ�ſDGTU�CTG�CDWPFCPV�KP�.C�)WCLKTC�CPF�CTG�WUGF�VQ�HCDTK-
cate 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 com-
municate their history (Reverol, 2014). By implementing the use of woven textiles to contain sedimen-
tary sand, not only are the insulation properties being used but also the economic activities of the users 
CTG�KPEQTRQTCVGF�KPVQ�VJG�RTQFWEVKQP�QH�VJG�RTQRQUCN��6JG�WUG�QH�UGFKOGPVCT[�UCPF�CPF�PCVWTCN�ſDGTU�
to Concept 5 resulted in the creation of Concept 6, shown is Figure 29. 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.

Iteration of Concept Development

Figure 29.  Concept 6 Figure 30.  Wayuu woman
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Wayuu woven textiles represent daily activities and community val-
ues, such representations are made in geometric shapes called Ka-
naas. By including the use of this cultural element of the Wayuu peo-
ple 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 el-

Figure 31.  Pa’ralouas Kanna 
(Serrada, 2009)

Table 7.�5RGEKſECVKQP�6CDNG�EQORCTKUQP

GOGPV�KU�PQV�UWHſEKGPV�VQ�ETGCVG�C�XCNKF�CPF�TGURGEVHWN�WUG�QH�VJGKT�EWNVWTCN�RTCEVKEGU��#�U[PEJTQPK\CVKQP�
QH�VJG�GNGOGPV�CPF�VJG�-CPCCU�RCVVGTU�KU�PGGFGF��#NVJQWIJ�PQV�C�URGEKſE�FGUKIP�KU�UVCVGF��KP�VJKU�ECUG��
the use of the Pa’ralouas Kanna (Figure 31) was chosen in the proposed textile stating the meaning 
ő1PG�CDQXG�VJG�QVJGTŒ�CU�C�TGRTGUGPVCVKQP�QH�C�RKNKPI�QH�GHHQTVU�QT�EQOOWPKV[�YQTM�
5GTTCFC���������5CKF�
EQPEGRV�KU�CNUQ�EQORCTGF�VQ�VJG�URGEKſECVKQP�VCDNG�CU�UJQYP�KP�6CDNG���CPF�EQORNKGU�YKVJ�VJG�OGCUWT-
able needs meaning it can be further developed to a formal proposal for a sustainable system of water 
desalination.
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#EEQTFKPI�VQ�/WTRJ[ŏU�.CY�őYJCVGXGT�ECP�IQ�YTQPI�YKNN�IQ�YTQPIŒ�
-KTKNGPMQ�CPF�.Q���������IKXGP�VJKU�
theory, a Risk Analysis was implemented as an evaluation method to identify and improve on the po-
tential failures of the system. Frequently, errors in the performance of a product can be a result of inad-
equate 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 
U[UVGO�HCKNWTG��VJG�RTQDCDKNKV[�QH�QEEWTTGPEG�CPF�VJG�FKHſEWNV[�QH�FGVGEVKPI�UWEJ�HCKNWTG��(KIWTG����UJQYU�
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.

Risk Analysis

Figure 32.  Risk Analysis criteria
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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 Occur-
rence by Detection, qualifying each action from one to ten according to its severity (Shown in Table 8).
420� XCNWGU� CTG� ENCUUKſGF� KPVQ� HQWT� ECVGIQTKGU�� KFGPVKſGF� D[� EQNQT��)TGGP� TGRTGUGPVU� CP� CEEGRVCDNG�
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.

However, with the goal of improving the results in all the possible errors, another analysis was devel-
oped introducing improvements in the product in order to reduce PRN values (Shown in Table 9).
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.
Design evaluation is the most important phase of a design process that focuses on functionality, be-
ECWUG�PQV�QPN[�KV�CNNQYU�VJG�KFGPVKſECVKQP�QH�RQUUKDNG�HCKNWTGU�DWV�KV�CNUQ�CNNQYU�CP�KVGTCVKQP�QH�EQPEGRV�
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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Table 8. Initial Risk Analysis
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Table 9.  Risk Analysis with improvement consideration
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final design 
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This chapter includes the description of the design proposal, communication tools such as CAD render-
ings 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.

6JG�FGUKIP�RTQRQUGF�KU�CP�KPKVKCN�EQPſIWTCVKQP�HQT�C�FGUCNKPCVKQP�U[UVGO�QH�NQY�RTQFWEVKQP��URGEKſECNN[�
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.
6JG�EQPſIWTCVKQP�QH�VJG�FGUCNKPCVKQP�U[UVGO�EQPUKUVU�QH�VJTGG�FKHHGTGPV�U[UVGOU�VJCV�YQTM�KP�WPKUQP�VQ�
desalinate water and are as follow:

 Input water system
 Evaporation system
 Condensation system

6JG�+PRWV�9CVGT�5[UVGO�KPVGITCVGU�C�UGV�QH�EQORQPGPVU�VJCV�CNNQY�CP�CWVQOCVKE�TGſNNKPI�QH�VJG�GXCRQ-
ration 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 insula-
tion 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 
YCVGT��6JG�ſPCN�FGUKIP�UQNWVKQP�KU�RTGUGPVGF�KP�(KIWTG����CPF�CP�GZRNQKVGF�XKGY�QH�VJG�EQORQPGPVU�VJCV�
integrate it is shown in Figure 34.

The water obtained from this system can be used for human consumption, although for its optimal qual-
ity 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.

General DescriptionChart
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Figure 33.  Final Design Proposal



sustainable system for water desalination

72

Figure 34.  Final Design Proposal, exploited view of components
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#U�UVCVGF�RTGXKQWUN[�KP�VJG�TGRQTV��VJG�RTQRQUGF�U[UVGO�KU�FKXKFGF�KPVQ�UWD��U[UVGOU�HQT�GHſEKGPE[�RWT-
RQUGU��#�VGEJPKECN�CPF�FGUETKRVKXG�URGEKſECVKQP�D[�UWD��U[UVGO�KU�UVCVGF�DGNQY��KP�YJKEJ�GCEJ�EQORQ-
PGPV�KU�UJQYP�YKVJ�KVU�URGEKſE�PQOGPENCVWTG��OCVGTKCN��SWCPVKV[��CPF�RTQFWEVKQP�RTQEGUU��6JKU�ENCUUKſEC-
tion 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.

6GEJPKECN�CPF�&GUETKRVKXG�2TQFWEV�5RGEKſECVKQP

The Input Water System, illustrated in Figure 35, begins with a hose and tank nipple that can be con-
nected to any water container or source given that the system boundary begins with the desalination ba-
sin, 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.

6JG�WUG�QH�C�ƀQCVKPI�XCNXG�YKNN�CNNQY�YCVGT�ƀQY�WR�VQ�QPG�HQWTVJ�QH�VJG�VWDG�CPF�RTGXGPV�QXGTƀQY�YJKNG�
also sealing the entrance of water and water vapor escape. In addition, this component enables an au-
VQOCVGF�TGſNNKPI�QH�VJG�VWDG�QPEG�VJG�UCNKPG�YCVGT�KU�GXCRQTCVGF��RTGXGPVKPI�CP[�GTTQTU�HTQO�VJG�WUGTŏU�
NCEM�QH�CDKNKV[�QT�MPQYNGFIG�YJKNG�ſNNKPI�VJG�VWDG��KV�CNUQ�FQGU�PQV�TGSWKTG�VJG�WUGT�VQ�JCXG�C�EQPUVCPV�
supervision of the desalination still. Table 10 describes each component in this system.

Water Input System

Table 10.  Water Input System Technical Description
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Figure 35. �9CVGT�+PRWV�5[UVGO��GZRNQKVGF�8KGY

The evaporation system is composed of an evaporation chamber, an insulation system, and a support-
KPI�UVTWEVWTG��VJG�URGEKſGF�EQORQPGPVU�CTG�UJQYP�KP�VCDNG�����6JG�OCKP�HWPEVKQPCN�QDLGEVKXG�QH�VJKU�U[U-
tem 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 resis-
tant to corrosion and is nontoxic, having applications in food preparation equipment (Escarzaga, 1997).

Evaporation System



Ramirez Garcia &  Gutierrez Hernandez

75

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 pres-
sure inside the sealed tube, as a result, the compressed vapor will be ejected under pressure through a 
EQPPGEVKPI�JQUG�KPVQ�VJG�EQPFGPUGT�HQNNQYKPI�VJG�VJGQT[�QH�/GEJCPKECN�8CRQT�%QORTGUUKQP�
/8%���6JG�
KORNGOGPVCVKQP�QH�VJKU�GXCRQTCVKQP�U[UVGO�KORTQXGU�VJG�VJGTOCN�GHſEKGPE[�QH�VJG�GPVKTG�FGUCNKPCVKQP�UVKNN��
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 sedimen-
tary 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). This type of sand, as stated before has a 
NQY�JGCV�VTCPUHGT�EQGHſEKGPV��YJKEJ�GPCDNGU�VJG�TGVGPVKQP�QH�JGCV�VTCPUHGTTGF�VJTQWIJ�VJG�EQRRGT�VWDG�HQT�
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 
PGGFGF�VQ�VTCPUHGT�XCRQT� KPVQ�VJG�EQPFGPUGT�YKVJQWV�RTGUGPVKPI�VJG�TKUM�QH�YCVGT�QXGTƀQYKPI�KPVQ�VJG�
evaporation tube.

Table 11.  Evaporation System Technical Description
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Figure 36.  Copper tube, Sand and Textile container
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This sub-system comprehends the condensation of water vapor and the collection of the resulting de-
salinated 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 con-
tainers 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.

Condensation System

Figure 38.  Condenser System Exploited view
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This effect works on the evaporative cooling principle and makes use of a small clay container inside a 
QPG�QH�DKIIGT�UK\G��VJG�CPPWNCT�URCEG�DGVYGGP�VJG�EQPVCKPGTU�KU�VJGP�ſNNGF�YKVJ�ENC[�QT�JWOKF�UCPF��6JKU�
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 
EQPVCKPGT�
&CVG���������+P�VJKU�ECUG��VJG�GHHGEV�KU�ETGCVGF��D[�ſNNKPI�VJG�CTGC�QH�VJG�CPPWNCT�URCEG�QH�VYQ�
RNCUVKE�EQPVCKPGTU�YKVJ�)[RUWO�RQYFGT�RNCUVGT��UWEJ�CTG�TGUWNVU�KP�VJG�WUG�QH���MKNQITCOU�QH�ECUV�NKPKPI��
6JG�EQQNKPI�GHHGEV�CPF�VJG�WUG�QH�YCVGT�XCRQT�WPFGT�RTGUUWTG�TGUWNVU�KP�CP�KPETGCUG�QH�GHſEKGPE[�KP�YCVGT�
condensation and collection in the same container yet separated from the evaporation chamber avoid-
ing 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
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Figure 37.  Desalination system and human scale
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Although the proposed system cannot be tested in the environmental conditions it is aimed at perform-
ing in, an approximate calculation of the water input and output ratio was made. A great part of the 
EQPſIWTCVKQP�QH�VJG�FGUKIP�KU�DCUGF�QP�GZKUVKPI�EQOOGTEKCN�EQORQPGPVU�CPF�JQY�YGNN� VJG[�CFCRV�VQ�
TGSWKTGF�URGEKſECVKQPU��%QTTGURQPFKPIN[��VJG�COQWPV�QH�YCVGT�KPVTQFWEGF�KP�VJG�GXCRQTCVKQP�EJCODGT�
ECPPQV�GZEGGF����EO�
#TWPMWOCT��������HQT�GHſEKGPE[�RWTRQUGU��VJWU�VJG�COQWPV�QH�YCVGT�KPVTQFWEGF�
in the tube is needed to assure it does not exceed 2.5cm of depth.

The calculation to obtain said volume is as follow:

8�J�
T���

Where one tube with a diameter of 10 centimeters per one meter of length will contain 1.962 Lt in 2.5 
EO�QH�FGRVJ��#EEQTFKPI�VQ�NKVGTCVWTG��VJG�V[RKECN�DCUKP�UVKNN�RTQFWEGU�QP�CXGTCIG���NKVGTU�QH�RWTKſGF�YCVGT�
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:

The total solar irradiation area of the tubular still is then 1.5 m2. Therefore, if according to literature a still 
RTQFWEGU���NKVGTU�QH�RWTKſGF�YCVGT�RGT�FC[�RGT�USWCTG�OGVGT�QH�KTTCFKCVKQP�CTGC��VJG�RTQRQUGF�UQNCT�UVKNN�
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.

Water Output Calculations
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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. 
6JGTGHQTG��VJG�RTQFWEV� KU�RTQRQUGF�KP�C�UGV�QH�TGCF[�VQ�CUUGODNG�EQORQPGPVU�KP�CFFKVKQP�VQ�VJG�FKHſ-
culty of transportation and lack of proper roads in La Guajira. 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 volun-
VGGTU�QT�VJG�ſPCN�WUGTU��VJG�RTQFWEV�QPN[�TGSWKTGU�GKIJV�PWVU�CPF�DQNVU�VQ�DG�CUUGODNGF��1PEG�UGV�WR��VJG�
functional process can begin, and as explained in section 7.2, it consists of introducing water through 
a hose into in a copper tube. The outer surface of the tube collects sun rays, raising its temperature 
which is maintained and stored as heat by the sand and textile resulting in the evaporation of the water 
contained inside. The temperature and tightness of the evaporation system creates water vapour pres-
UWTG��HQTEKPI�KV�VQ�ƀQY�VJTQWIJ�C�ICU�EQPPGEVQT�JQUG�CPF�KPVQ�VJG�EQPFGPUGT��1PEG�VJG�XCRQWT�KU�KPUKFG�
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. The user can then access the resulting water 
with the use of a hand pump. A schematic representation of the sequence of use in shown in Figure 39.

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 
HCOKN[�KP�.C�)WCLKTC��)KXGP�VJCV�VJG�9C[WW�NKXG�KP�EQOOWPCN�NCPFU�CU�CP�GZVGPFGF�HCOKN[��KV�KU�FKHſEWNV�VQ�
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 40) considers indi-
vidual 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.

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 possibil-
ity 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.

5GSWGPEG�QH�7UG
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Figure 39.  Sequence of use.
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Figure 40.  Arrange of desalination systems



Ramirez Garcia &  Gutierrez Hernandez

85

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 
VJG�WUG�QH�OCVGTKCNU�CPF�VJGKT�NKHG�ECP�UKIPKſECPVN[�TGFWEG�VJG�RTQDCDKNKV[�QH�RTQFWEVU�GPFKPI�CU�NCPFſNNU��
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 eval-
uation is relevant for it increases the understanding of a product from its production chain to the rela-
tionship between its parts (Finnveden et al., 2009). It also enables the visualization of the relationship 
DGVYGGP�EQORQPGPVU�� VJGKT�OCVGTKCNU�CPF� VJGKT�URGEKſE� HWPEVKQP� KP�C�RTQFWEV� KP�QTFGT� VQ�CUUGUU� VJGKT�
environmental impact.
64
This analysis takes into consideration all the phases in the life of a product, such as raw material ex-
traction, 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.
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 41 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 
JCXG�C�OCLQT�KORCEV�QP�VJG�GPXKTQPOGPV�UWEJ�CU�GRQZ[�CFJGUKXGU�CPF�NCPFſNNGF�I[RUWO�RQYFGT��*QY-
ever, 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 
URGEKſECVKQP�RTQXKFGF�D[�VJG�FKUVTKDWVQTU�KU�KP�CXGTCIG����[GCTU��VJWU�PQV�TGSWKTKPI�TGRNCEGOGPV�QH�EQO-
ponents 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.

Life Cycle Assesment
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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 cre-
ates 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, 

Conclusion and Further Improvements

Figure 41.  CES Edu pack Evaluation
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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 
EQPUKFGTGF�HWNſNNGF�D[�VJG�FGUKIP�RTQRQUCN��VJG[�CTG�PQV�TGNKCDNG�HQT�VJG[�JCXG�PQV�DG�VGUVGF�D[�WUGTU��
6JG�UCOG�CRRNKGU�VQ�VJG�HWPEVKQPCN�URGEKſECVKQPU��VJG�TGUWNVKPI�RTQRQUCN�JCU�[GV�VQ�DG�DWKNV�CPF�VGUVGF�
WPFGT�TGCN�QT�UKOKNCT�GPXKTQPOGPVCN�EQPFKVKQPU�CU�.C�)WCLKTC�VQ�CUUGUU�VJG�GHſEKGPE[�CPF�FGVGTOKPG�KH�KV�
EQORNKGU�YKVJ�VJG�FGUKIP�URGEKſECVKQPU�

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 
RTGUGPVGF�FGUKIP�KU�QPN[�C�ſTUV�CRRTQCEJ�VQ�VJG�UQNWVKQP�TGSWKTGF�CPF�KU�UVKNN�KP�CP�GXCNWCVKQP�RJCUG��(QT�
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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 accep-
tance 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 collec-
tion system that integrates the available resources and culture of the Wayuu. Ankarstiftelsen is an or-
ganization 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 sim-
RNKſGF�VQ�DG�RTQFWEGF�D[�VJG�9C[WW��6JG�TGUWNVKPI�RTQRQUCN�CU�C�TGUWNV�QH� VJKU� KORNGOGPVU�CFJGUKXG�
welding in copper parts instead of welding. This last method although it can be made gas proof requires 
GZRGTKGPEG�KP�RTCEVKEG�CPF�URGEKſE�VQQNU��+P�CFFKVKQP��VJG�RTQRQUCN�KU�CKOGF�CV�DGKPI�RTQFWEGF�YKVJ�EQO-
mercially 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 industri-
alize 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 ade-
quate product. During the user research it was initially planned to carry out user diaries, but given the 
FKHHGTGPEG�CPF�FKHſEWNV[�QH�EQOOWPKECVKQP�YKVJ�VJG�EQOOWPKVKGU�KP�.C�)WCLKTC��VJG�KPHQTOCVKQP�JCF�VQ�
be obtained from existing documentaries, interviews, reports and statistical data from the Colombian 
government.
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5CKF�FKHſEWNV[�VQ�GUVCDNKUJ�EQOOWPKECVKQP�YKVJ�WUGTU��TGUWNVGF�KP�QPN[�QPG�KPVGTXKGY�YJKEJ�KP�CFFKVKQP�
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 
OGODGTU�KP�VJG�RTQLGEV�YQWNF�DG�DGPGſEKCN��9KVJ�VJKU��VJG�NGXGN�URGEKſEKV[�QH�VJG�URGEKſECVKQP�VCDNG�YQWNF�
have been increased and possibly led to the use of more technological materials and process to obtain 
C�OQTG�GHſEKGPV�CPF�KPPQXCVKXG�FGUCNKPCVKQP�U[UVGO��6JG�EWTTGPV�URGEKſECVKQPU�CTG�KP�C�IGPGTCN� NGXGN�
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.
6JG�IGPGTCVKQP�RJCUG�QH�VJKU�FGUKIP�RTQEGUU�YCU�FGſPGF�D[�VJG�KPKVKCN�NKVGTCVWTG�TGXKGY�CPF�DGPEJOCTM-
ing 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. 
#U�C�NCUV�TGUQWTEG�VQ�RTQXG�VJG�RTKOCT[�HWPEVKQP�QH�VJG�UGNGEVGF�ſPCN�EQPEGRV��C�HWPEVKQPCNKV[�VGUV�YCU�
performed, however it was not a proper representation of the materials, assembly or environmental con-
ditions 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.
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+PVGTXKGYGT� Lucero Gutierrez Hernandez 
0QVG�6CMGT��Wenny Ramirez Garcia 
+PVGTXKGYGG��Rita Uriana
5GVVKPI�� Interview conducted via telephone in the Library of the University of Skövde to La Guajira, 
Colombia.
#HſNKCVKQP�YKVJ�KPVGTXKGYGG��Rita Uriana has been an active member with Ankarstiftelsen to better the 
living conditions of communities in La Guajira.

+PVGTXKGY

9JKEJ�CTGCU�KP�.C�)WCLKTC�JCXG�[QW�DGGP�OQTG�KPXQNXGF�YKVJ�CPF�YJCV�CTG�VJGKT�NKXKPI�EQPFKVKQPU�
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.

#RRTQZKOCVGN[�JQY�OCP[�RGQRNG�NKXG�KP�GCEJ�4CPEJGTKC!
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.

#�V[RKECN�HCOKN[�KU�EQORQUGF�QH�JQY�OCP[�OGODGTU!
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?
6JG[�CTG�OQUVN[�FGFKECVGF�VQ�ſUJKPI�CPF�JWPVKPI��CNVJQWIJ�TGEGPVN[�OCP[�CTG�GORNQ[GF�KP�FGUCNKPCVKQP�
plants which are dedicated to the extraction of salts for commercial purposes. However they also rely on 
the commercialization of their arts and crafts.

*QY�KU�VJG�GFWECVKQPCN�U[UVGO�QTICPK\GF�KP�.C�)WCLKTC!
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 
YKVJ�GFWECVKQP�D[�DWKNFKPI�UEJQQNU�KP�YJKEJ�VJG�[QWPIGT�IGPGTCVKQPU�ECP�NGCTP�5RCPKUJ�CPF�ſPKUJ�GNG-
OGPVCT[�UEJQQN��UVKNN�QPN[�CDQWV�����QH�MKFU�ſPKUJ�VJGKT�RTKOCT[�UEJQQN�

#RRGPFKZ�#���5GOK�5VTWEVWTGF�+PVGTXKGY



Ramirez Garcia &  Gutierrez Hernandez

101

+U�KV�EQOOQP�HQT�RGQRNG�VQ�KPVGTCEV�YKVJ�GNGEVTQPKE�FGXKEGU�QT�KU�VJGTG�C�TGLGEVKQP�VQ�PGY�VGEJPQN-
ogy?
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.

9G�MPQY�VJGTG�KU�C�NKOKVGF�CEEGUU�VQ�RQVCDNG�YCVGT�KP�.C�)WCLKTC��YG�YQWNF�NKMG�VQ�MPQY�YJCV�VJG�
OCKP�EQPEGTPU�RGQRNG�JCXG�YJGP�QDVCKPKPI�YCVGT�CTG�
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.

9JGTG�KU�YCVGT�QDVCKPGF�HTQO�KP�EQOOWPKVKGU�VJCV�CTG�PQV�PGCT�DKI�FGUCNKPCVKQP�RNCPVU!
It really depends on the community, some of them have dug into the soil in order to reach underground 
deposits or have wells (Figure 42) some have ponds or juagueys (Figure 43) 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 44).

Figure 42.  Water Well. Photo 
obtained from Rita Uriana.

Figure 43.  Juaguey. Photo 
obtained from Rita Uriana

Figure 44.  Water supply via 
Pipes. Photo obtained from Rita 
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#TG�VJGTG�CP[�EWTTGPV�YCVGT�RTQLGEVU�YQTMKPI�KP�VJG�CTGC!
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.

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.

9J[�CTG�YG�VGUVKPI�KV!
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.

*QY�YKNN�KV�DG�VGUVGF!
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
� �6KOG�HQT�ſTUV�EQPFGPUG�YCVGT�VQ�DG�EQNNGEVGF
 -Total time for water evaporation
 -Amount of water introduced
 -Amount of water obtained
 -Ration of water input and output

Appendix B - Empirical Studies
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8CTKCVKQPU
 -Condensing surface: plastic and glass.
� �4GƀGEVKXG�QT�JGCV�CDUQTDGPV�OCVGTKCN
 -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.

6JG�VKOG�HQT�EQPFGPUCVKQP�YCU�EQPUKFGTGF�CU�VJG�OQOGPV� KP�YJKEJ�VJG�ſTUV�EQPFGPUGF�YCVGT� KU�EQN-
lected, 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.

Table 13.  Simulation 1 results

2WTRQUG�QH�VJG�VGUV��2TQXG�VJCV�YCVGT�XCRQT�YKNN�ƀQY�JQTK\QPVCNN[�HTQO�C�EQPVCKPGT�QH�JKIJ�VGORGTCVWTG�
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.

#RRGPFKZ�%���5RGEKſE�(WPEVKQP�6GUV
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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. 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.

Table 14.  Simulation 2 Results
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Appendix D - Risk Analysis
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Appendix E - Water Calculations
)KXGP�VJCV�VJG�EQRRGT�VWDG�KU��Œ�KP�FKCOGVGT�CPF�HQNNQYKPI�

The resulting volume for the tube is:

9JGTG�8��������O@���VJG�CNNQYGF�OCZKOWO�FGRVJ�HQT�C�JKIJ�GHſEKGPV�FGUCNKPCVKQP�UVKNN� KU�����EO��D[�
FKXKFKPI�VJG�VWDG�KP�HQWT�GSWCN�RCTVU�KV�TGUWNVU�KP����EO�RCTVU��6JGP�VJG�8QNWOG�HQT�QPG�HQWTVJ�UGEVKQP�QH�
the tube is then:

Amount of Water Output
6JG�FCKN[�YCVGT�QWVRWV�KU�WPCDNG�VQ�DG�ECNEWNCVGF�IKXGP�VJG�FKHſEWNV[�VQ�UKOWNCVG�UKOKNCT�GPXKTQPOGPVCN�
conditions, however according to other literature, the typical basin still produces on average 3 liters of 
RWTKſGF�YCVGT�RGT�FC[�RGT�USWCTG�OGVGT�QH�UQNCT�KTTCFKCVKQP�CTGC�
#JUCP�GV�CN����������6JKU�RTQLGEV�FQGU�
not consist of a typical basin still, however this calculation can provide an approximation of what is ex-
pected of the system.
The area of the copper tube exposed to sun light, this area was calculated by: 

6JG�VQVCN�UQNCT�KTTCFKCVKQP�CTGC�QH�VJG�VWDWNCT�UVKNN�KU�������O@��DWV�YJGP�UWRRQTVGF�D[�VJG�VGZVKNG�QPN[�QPG�
JCNH�KU�GZRQUGF�TGUWNVKPI�KP�C�������O@���6JGTGHQTG��VJG�TGUWNVKPI�YCVGT�RTQFWEGF�FCKN[�YQWNF�DG��������
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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Appendix F - Life Cycle Assesment
The assessment was made with the following graphics showing each stage of the life of the component.
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Appendix G  - Cost Estimate
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Appendix H - Blue Prints 
)GPGTCN�$NWGRTKPVU�IGPGTCVGF�YKVJ�5QNKF9QTMU������



��������

��
��
��
��

���������

��
��
��
��

��
��
��
��

(

)

��
��
��
��

'(7$,/�(
6&$/(�������

��
��
��
��

'(7$,/�)
6&$/(�������

� �

$

%

����� �

��� ��� ��

(

'

&

) )

'

%

$

(

&

+RJVNRODQ�L�6NRYGH )LQDO�<HDU�3URMHFW

7,7/(�

':*�12�

6&$/(����� 6+((7���2)��

$�

:HQQ\�5DPLUH]�	�/XFHUR�*XWLHUUH]

'HVDOLQDWLRQ�6\VWHP

*HQHUDO�0HDVXUHPHQWV



��
��
��
��

��������
�������

�5���

$

������

�758(�5���

���������������� ��������

�������
�������

��
��
�

� �����

'(7$,/�$
6&$/(������

� �

$

%

����� �

��� ��� ��

(

'

&

) )

'

%

$

(

&

%DVH�6XSSRUW

'HVDOLQDWLRQ�6\VWHP

:HQQ\�5DPLUH]�	�/XFHUR�*XWLHUUH]

$�

6+((7���2)��6&$/(�����

':*�12�

7,7/(�

)LQDO�<HDU�3URMHFW+RJVNRODQ�L�6NRYGH



��
��

����

���������

'

�������

� ����� '(7$,/�'
6&$/(������

� �

$

%

����� �

��� ��� ��

(

'

&

) )

'

%

$

(

&

%DVH�&URVVEDU

'HVDOLQDWLRQ�6\VWHP

:HQQ\�5DPLUH]�	�/XFHUR�*XWLHUUH]

$�

6+((7���2)��6&$/(�����

':*�12�

7,7/(�

)LQDO�<HDU�3URMHFW+RJVNRODQ�L�6NRYGH



��������

�������
�5���

��������

��������

��
��
��
�

&

��
��
��
��

����

%

�758(�5�����

'(7$,/�%
6&$/(������

�
���

��

'(7$,/�&
6&$/(������

� �

$

%

����� �

��� ��� ��

(

'

&

) )

'

%

$

(

&

%DVH�/HJV

'HVDOLQDWLRQ�6\VWHP

:HQQ\�5DPLUH]�	�/XFHUR�*XWLHUUH]

$�

6+((7���2)��6&$/(����

':*�12�

7,7/(�

)LQDO�<HDU�3URMHFW+RJVNRODQ�L�6NRYGH



� ���

��
��
��

� �

$

%

����� �

��� ��� ��

(

'

&

) )

'

%

$

(

&

&RSSHU�7XEH

'HVDOLQDWLRQ�6\VWHP

:HQQ\�5DPLUH]�	�/XFHUR�*XWLHUUH]

$�

6+((7���2)��6&$/(�����

':*�12�

7,7/(�

)LQDO�<HDU�3URMHFW+RJVNRODQ�L�6NRYGH



��

������������������

��

�������

��

��

��

�������� �� ��

�

�

�

�

�

,7(0�12� 3$57�180%(5 '(6&5,37,21 47<�
� &RSSHU�7XEH �

� 7DQN�1LSSOH�� �

� )ORDW�9DOYH�%RWWOH �
� &DUULDJH�%ROW �
� 3LYRWLQJ�/HYHU�$UP �

� 1HR�:DVKHU �

� 11����%. �

� 5HGXFWRU������ �

� 5HGXFWRU�������� �
�� 1LSSOH*�� �

�� 1LSSOH*�� �

�� 1LSSOH*�� �

�� 1LSSOH*�� �

�� 2XWSXW�LQQHU�:DWHU�
7DQN �

�� +DQG�SXPS �

�� *DVFRQQHFWRU �

�� 1HR�:DVKHU�� �

�� 1HR�:DVKHU�� �

�� 1XW� �

�� %DVH �

�� :RYHQ�FRQWDLQHU �
�� 1LSSOH*�� �

�� 1LSSOH2�� �

�� *DV�&RQQHFWRU�� �

�� 2XWSXW�RXWHU�:DWHU�
7DQN �

�� ,QSXW�:DWHU�7DQN �

�� 2XWSXW�QLSSOH �

�� +RVH �

�� 6DQG �
�� %DVH�VXSSRUW� �

�� %DVH�FURVVEDU �
�� 1LSSOH �

�� %ROWV �

��

$

5

�� ���������������������������������� �

��� ���� ���� ��� � ��� �� ��� ���� ���� ��� ��� � �

%

4

3

1

0

/

.

-

+

*

)

(

'

&

$

3

0

.

+

)

'

5

4

%

1

/

-

*

(

&

'5$:1

&+.
'

$339
'

0)*

4�$

81/(66�27+(5:,6(�63(&,),('�
',0(16,216�$5(�,1�0,//,0(7(56
685)$&(�),1,6+�
72/(5$1&(6�
���/,1($5�
���$1*8/$5�

),1,6+� '(%855�$1'�
%5($.�6+$53�
('*(6

1$0( 6,*1$785( '$7(

0$7(5,$/�

'2�127�6&$/(�'5$:,1* 5(9,6,21

7,7/(�

':*�12�

6&$/(����� 6+((7���2)��

$�

:(,*+7��

([SORLWHG�9LHZ

'HVDOLQDWLRQ�
6\VWHP

wenny ramirez
Wenny Ramirez and Lucero Gutierrez

wenny ramirez


wenny ramirez


wenny ramirez


wenny ramirez
Högskolan i Skövde

wenny ramirez



	Portada
	Resumen
	Índice
	01. Introducción
	02. Sintesis de la Propuesta Inicial
	03. Parametros de Diseño
	04. Localidad
	05. Agua Salina y Corrosión
	06. Oportunidad de Mejora
	07. Generación de Concepto
	08. Presentación Descriptiva
	09. Análisis de Impacto Ambiental
	10. Conclusiones
	11. Referencias
	12. Documento Anexo



