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Abstract

Water is the most precious resource known to mankind. Its importance 

to the survival of life on the planet can hardly be overemphasized. How-

ever, lack of access to pure drinking water is one of the key issues facing 

the world today. Traditional sources such as rivers, lakes and ground 

water have proved to be highly unreliable sources of drinking water. 

Therefore, there is a need to develop a novel, innovative technology that 

is more reliable and is able to produce pure and safe drinking water at all 

locations even under adverse environmental conditions. 

With this vision in mind, the design team set on the task to design 

and develop a new generation atmospheric water generator to harness 

nature’s most abundant resource; air. The project was founded by the 

American company Immerse Global and the Swedish PIEp organization. 

PIEp stands for Product Innovation Engineering program and is a na-

tional research program with the purpose of strengthening the ability 

in innovative product and business development. The design team had 

a unique setting of members from five different Universities – Helsinki 

University of Technology (TKK), Luleå University of Technology (LTU), 

Lund Faculty of Engineering (LTH), Royal Institute of Technology (KTH) 

and Stanford University (SU). The design team identified three main 

project objectives (see Figure 1). Since the most critical objective of the 

project was reliable water production, the team decided to focus prima-

rily on the technical aspects of water generation.

Product design Energy efficiency

Reliable water production

Product

?

Figure 1: Three main project objectives
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During the benchmarking process the team explored various processes 

and technologies prevalent in the water processing industry. The team 

learned the limitations of vapour compression cycle presently employed 

in the atmospheric water generation and dehumidification industry. It 

was found that vapour compression cycle is highly inefficient and energy 

consuming in dry conditions. The team believes that successful genera-

tion of water in highly arid zones (with relative humidity as low as 20 %) 

would require the development of a radically new technology. Therefore, 

all its efforts from the very beginning were geared towards the search 

of a new, better technology that would give a marked improvement in 

performance over all the current designs. Based on the encouraging 

results of the initial prototypes, the team pursued and developed a des-

iccant based technology. Desiccants are chemical substances that have 

a natural tendency to absorb atmospheric moisture. The key advantage 

of desiccant technology over vapour compression cycle is the higher ef-

ficiency at low humidity conditions and the energy efficiency. Based on 

extensive prototyping and testing the team demonstrated the practical 

feasibility of the liquid desiccant technology. The liquid desiccant system 

use desiccants in aqueous form and works as an independent system 

without the need of any other system (like vapour compression cycle) 

for water absorption. The team employed the liquid desiccant technol-

ogy in the final product, Mímir (Figure 2 below). 

Abstract

Figure 2: The final product – Mímir
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Mímir produces ten to 20 litres of pure, cheap and fresh drinking water 

under a wide range of atmospheric conditions. It has been tested to pro-

duce approximately 10.2 litres of water at 41 % relative humidity and 

22° C. It consumes 1.2 kW of power and the energy cost per litre of wa-

ter consumed can be as low as 45 cents at 40 % relative humidity. This 

is not only much cheaper than bottled water but is also environmen-

tal friendly, as Mímir does not produce any waste products. The acrylic 

based exteriors, new look and the unique interface of Mímir provides 

a complete drinking experience to the user. Mímir is a breakthrough in 

the technology and design front, but further testing and optimization 

is needed before the product could be introduced on the market. Many 

new aspects of optimization have been realized in the process of Mímir’s 

development and with this knowledge the team has no doubt that the 

product has a great potential of fulfilling most of the drinking water 

needs of the world in near future.
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Sammanfattning

Vatten är den mest värdefulla resursen känd för människan. Vattnets 

värde för överlevnad av livet på jorden kan knappast överdrivas. Tillgån-

gen till rent dricksvatten är dock ett av de idag största problemen på 

jorden. Traditionella resurser såsom forsar, sjöar och grundvatten har 

visat sig vara högst otillräckliga resurser för dricksvatten. Det finns där-

för ett behov av att utveckla en ny innovativ teknologi som är tillförlitlig 

och som kan producera rent och säkert dricksvatten i alla miljöer även 

under extrema förhållanden. Med denna vision i åtanke började teamet 

att utveckla och designa en ny generation atmosfärisk vattengenerator 

för att utvinna naturens mest rikliga resurs; luft. Projektet var sponsrat 

av det amerikanska företaget Immerse Global och den svenska PIEp or-

ganisationen. PIEp står för Product Innovation Engineering program och 

är ett program som syftar till att stärka förmågan till innovativ produkt- 

och affärsutveckling. Designteamet hade en unik sammansättning of 

medlemmar från fem olika universitet - Helsinki tekniska universitet 

(TKK), Luleå tekniska universitet (LTU), Lund tekniska högskola (LTH), 

Kungliga tekniska högskolan (KTH) och Stanford University (SU).

Designteamet identifierade tre huvudsakliga projektmål (se figur 1). Då 

det mest kritiska målet för projektet var tillförlitligt vattenproduktion så 

bestämde sig teamet för att i första hand fokusera på den tekniska as-

pekten av vattenproduktion. 

Produkt design Energi effektiv

Tillförlitlig vatten produktion

Product

?

Figur 1: Tre huvudsakliga projektmålen
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Under marknadsundersökningen så undersökte teamet olika processer 

och teknologier kopplade till vattentillverkningsindustrin. Teamet lärde 

sig begränsningarna av kompressorprocessen som för närvarande finns 

i dagens atmosfäriska vattengeneratorer. Man fann att kompressorproc-

essen är både ineffektiv och energikrävande. Teamet är övertygat om 

att en framgångsrik generering av vatten i mycket torra områden (med 

relativ luftfuktighet så lågt som 20 %) kommer att kräva en utveckling 

av en ny radikal teknologi. Energin lades därför redan från början på att 

försöka finna en ny, bättre teknologi som kan ge en förbättring i prestan-

da över hela designen. Baserat på det optimistiska resultatet från tidiga 

prototyper, fullföljde teamet en decikantbaserad teknologi. Decikanter 

är kemiska substanser som har en naturlig förmåga att absorbera fukt 

i atmosfären. Den största fördelen med decikantteknologin över kom-

pressorprocessen är den högre effektiviteten vid låg relativ luftfuktighet 

och att den är energisnål. Baserat på omfattande prototypbyggen och 

tester så demonstrerade teamet den flytande decikantteknologin i prak-

tiken. Det flytande decikantsystemet använder decikanter löst vatten. 

Det används som en självständig process utan att behöva något annat 

system (som kompressorprocessen) för vattenabsorption. Teamet ap-

plicerade den flytande decikantteknologin i den slutgiltiga prototypen, 

Mímir (se figur 2). 

Figure 2: The final product – Mímir
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Mímir producerar tio till 20 liter rent, överkomligt och färskt dricksvatten 

i en mängd olika miljöer.  Tester har visat att den kan producera ungefär 

10.2 liter vatten vid 41 % relativ fuktighet och 22° C. Den konsumerar 

1.2 kW och energikostnaden per liter är så låg som 45 cent vid 40 % 

relativ fuktighet. Det är inte bara betydligt billigare än flaskvatten utan 

också miljövänligare då Mímir inte producerar några restprodukter. Den 

akrylbaserade exteriören, nya utseendet och unika gränssnittet på Mímir 

ger en komplett drickupplevelse för användaren. Mímir är ett genom-

brott i teknologi och design. Det är dock nödvändigt med fler tester och 

optimeringar innan produkten kan introduceras på marknaden. Många 

nya aspekter av optimering har realiserats i utvecklingsprocessen av 

Mímir. Dessa kunskaper gör att teamet är övertygat om att produkten 

har enorm potential att klara största delen av världens dricksvattenbrist 

inom en nära framtid.      

Sammanfattning
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Glossary

AWG  - Atmospheric water generator 

CaCl2  - Calcium Chloride

DW  - Desiccant wheel

EPA  - Environmental protection agency 

LDC  - Liquid desiccant cycle

LED  - Light emitted diod

LiCl  - Lithium chloride

P2I  - Participatory product innovation

RH  - Relative humidity

RO  - Reverse osmosis
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1.0 Introduction

This report is a result of a thesis work in product development for the 

American company Immerse Global. The thesis work is performed by 

four students at Luleå University of technology as a part of the Master of 

Science programs Ergonomic design & production engineering respec-

tively Arena innovative technology and business engineering, empha-

sis Mechanical engineering. The thesis work is performed as a global 

project partnered with Lund Faculty of Engineering (LTH), Royal Institute 

of Technology (KTH) and Stanford University (SU) (see figure 3). The 

project sponsors are Immerse Global and the Product innovation en-

gineering program (PIEp). PIEp is a Swedish program with purpose to 

support innovative product- and business development.

1.1 Project Background

The lack of safe drinking water and sanitation is the single largest cause 

of illness in the world today. Almost one out of every three persons on 

the planet currently lacks reliable access to fresh water (www.vanityfair.

com, 2007). With the increasing water pollution and global warming, 

the conventional sources of pure drinking water are fast depleting and 

increasingly proving inadequate to meet the needs of the vast global 

population (see figure 4). Also, due to their inherently fixed nature, the 

water generated from the traditional sources such as rivers, lakes and 

ground need to be transported over long distances before final consump-

tion. This increases costs and requires immense amounts of energy (see 

appendix 1).

Figure 3: The Different Universities 

http://www.vanityfair.com
http://www.vanityfair.com
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There is an urgent need to develop an alternative source of fresh drinking 

water that is universally available and able to reliably meet the vast glo-

bal water needs. Creating a new sustainable pure water solution would 

not only save millions of lives but also raise the quality of human life. A 

solution that can cope with extreme conditions where there is very little 

ground water, no reliable energy source, extreme variation in tempera-

tures and humidity will also prove beneficial in disaster management 

and for military purposes in remote locations. One product that could be 

the solution is AWGs, which produce drinking water from the air humid-

ity. AWGs have been addressing the need to provide pure drinking water 

for the past two decades; however the design that is presently in use 

has a limited applicability. The present technology is not a reliable option 

in adverse climatic conditions, like low RH and extreme temperatures.

1.0 Introduction

Figure 4: Where there is a lack of clean water, polluted water is used instead

�
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The business company Immerse Global wants to develop a new genera-

tion AWGs to set a new standard on the market. Their long-term goal is 

to develop a product for countries without fresh drinking water. The first 

step, though, is to get the product well-known on the American market, 

since many people today do not know of the products existence.  In 

order to develop the product Immerse Global made contact with profes-

sors at Stanford University. The task became a part of the product de-

velopment course ME310 at Stanford University were students in global 

teams work with real life projects. Together with students from SU, KTH 

and LTH, the four students from LTU formed a global team up for the 

design challenge (see figure 5).

1.2 Purpose and Goal

From discussions with the liaisons about visions and focus areas of the 

project the team stated a purpose and a goal for the project. The objec-

tive of the project is to design and develop a new generation AWGs with 

an innovative technology to solve water crises in dry areas. This means 

Figure 5: The Swedish design team
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that the product should be able to deliver healthy drinking water all over 

the world and manage to work in extreme conditions where there is very 

little ground water, no reliable energy source, extreme (high/low) tem-

peratures and low RH. Without a reliable energy source, it is important 

that the product is energy efficient. With low energy consumption the 

product could be implemented with an alternative power source, such as 

sun power. The energy efficiency will also make the product competitive 

on the American market, since the water will be less money consuming. 

The product is also competitive while being an environmental friendly 

alternative to other alternative water sources, such as bottled water. 

The product should also set a new standard of AWGs on the market by 

giving the customer a new user experience. That is, the look and feel of 

the new device would create a new user interaction and provide added 

comfort and portability for home and office users.

1.3 Assumptions and Constraints

From the liaisons wishes of improvement of the existing product the 

team formed assumptions and constraints for the project.

• Water generation

The product should be able to produce 19 to 26 litres of water daily in 

various climate conditions and deliver water in conditions below 30 % 

RH. 

• Water quality

The product should supply great-tasting, pH positive water and meet 

existing EPA guidelines.

• Energy consumption

The product should be energy efficient with the possibility to implement 

an alternative power source for energy conservation. The energy con-

sumption should be comparable to normal household appliances, such 

as refrigerators and air conditioners.
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• User design & target market

The product should be portable and provide a new product design that 

creates additional value. It should be designed for the US market, tar-

geting several key segments such as home, restaurants and offices us-

ers. 

• Cost per machine

To be competitive on the market it is important that the product is af-

fordable, selling price $ 1400 to 1500 and $ 100 to 200 for manufactur-

ing. 

• Water price

The water price per litre should be comparable to competitive sources    

of drinking water (< $ one per litre).

• Sound level

It should also have a comfortable sound level, less than 40 dB. 

• Size and weight

The size and weight should be comparable to conventional water dis-

pensers.

• Safety

There should be no compromise on overall product safety.
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2.0  Method

The ME310 at Stanford University is a product design course who con-

centrates upon global team work. Students from SU work in global 

teams with students at partner universities around the world to respond 

to innovation challenges posed by corporate partners (me310.stanford.

edu, 2008). During the project the different teams are supposed to take 

the project from the given problem or need to a working prototype. The 

project focus is very user centred with a diversity of team members to 

be able to develop the best product.

In the beginning of the project the LTU team agreed to work with a com-

bination of the P2I method and the Stanford method. These two meth-

ods are described below. Why this combined way of working was chosen 

was mostly because the team wanted to be in control over the proc-

ess but also to be a part of the Stanford process and learn something 

new. Also as a part of the Stanford way the team decided not to have a 

project leader and instead work in close collaboration between the sub 

teams on different sites. To keep the work as efficient as possible two or 

three videoconferences was held every week and log books were written 

by each team member. 

To ensure the progress of the project the team decided to put up deliv-

erables that each team must finalize beyond the deliverables that was 

required from Stanford. This deliverables was followed up by the log 

book but also by the weakly video conferences. To help in the planning 

Gantt charts was used to get an overview of the long time span of the 

project and also made it easier to combine the two design methods.

2.0 Method



Global Product Development of an Atmospheric Water Generator

2008 © Immerse Global, Inc

2.1   Systematic Problem Solving Methods

To better control the design process from the team’s point of view the P2I 

process was used simultaneous with the Stanford product development 

process. The P2I is a process developed by the division of Functional 

product development on LTU. P2I was chosen because it was suitable 

for a user-centred product development process together with the Stan-

ford process (www.ltu.se, 2007).  Systematic problem solving methods 

are advantageous to use in product development projects. It contains a 

sequence of steps to assure the quality of the product. It also facilitates 

the project planning and documentation since the design team know 

what steps should be included and how to proceed with them. Further-

more it coordinates the team in agreement with how to work with the 

product development (Ulrich & Eppinger, 2004).

2.1.1   Problem Investigation

The first step in the product development process is to carefully inves-

tigate, analyze and clarify the problem. Following methods are used in 

the problem investigation.

Benchmarking

Benchmarking is a method to explore competing products available 

through patents and on the market. By studying competitive products 

the development team will gather facts useful to develop a successful 

market strategy. The benchmarking results could also be used later on 

to compare the new product with excising to determine the commercial 

success of the new developed product (Ulrich & Eppinger, 2004).

In Stanford’s product development coarse ME310 benchmarking has a 

wider meaning including research about related technologies. It is also 

encouraged to explore beyond the normal understanding of the phrase 

http://www.ltu.se


�

®

benchmarking, not only by literature, but through physical exploration. 

That is, find products and technologies to explore and observe and meet 

people (wikibox.stanford.edu, 2008). 

Pre-Project Planning

In order to establish clear directions and guidelines for the product de-

velopment process the design team set up a pre-project planning. This 

begins with formulating a mission statement including six different points 

concluding the task: 

• Brief description of the product

• Key business goals

• Primary target market for the product

• Secondary target market for the product

• Assumptions and constraints for the project

• Stakeholders

 

Needfinding

Watch and listen closely to your customers, and you are more likely to 

design products that actually meet or even exceed their needs (Ericsson, 

Larsson & Larsson, 2006).

Figure 6: Looking closely for hidden needs

2.0 Method
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To include the user into the product development process a common 

method is so called needfinding (see Figure 6). This method was devel-

oped about thirty years ago by Doctor Robert McKim, the head of Stan-

ford University’s product design program. The idea of finding needs and 

not solutions is to avoid limiting the design field and keep all possible so-

lutions open for consideration. The method also allows the design team 

to be involved both in the user study and the concept generation which 

makes research and design seamless. Needfinding is done by letting the 

customer take charge of the situation and setting the agenda. This helps 

finding needs that people have difficulty in articulating (Ericsson, Lars-

son & Larsson, 2006).

Problem Clarification

To get sufficient understanding of the problem and be able to enter 

deeply into it a problem clarification is stated. This could be done by 

identifying problems from the liaisons statement into a need statement. 

It could also be helpful to summarize the project problem in one sen-

tence. For more complex problems these problems can be divided into 

simpler sub problems (Ulrich & Eppinger, 2004).

2.1.2   Concept Generation

Brainstorming

Brainstorming is a simple and yet effective way of generating many con-

cepts in a short period of time. This method could be used in a group 

of five to 15 team members and one session leader. In a brainstorming 

session the group should produce as many ideas as possible (Hamrin & 

Nyberg, 2003). 
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Four rules of brainstorming (Hamrin & Nyberg, 2003):

• Criticism is not allowed

• Quantity is preferred before quality

• Go beyond the usual

• Combine ideas 

Concept Classification Tree

A function tree is a way of analyzing user needs of a product from a us-

er’s point of view. It gives results about the needs with regard to which 

is the most important compared to the other. The tree is based on the 

results from the needfinding. The found needs are interpreted by de-

scribing them with a verb and adjective. Then the interpreted needs are 

organized in a function tree.

In each branch group of the function tree a matrix is created to evaluate 

which needs are most important. In this matrix the needs are compared 

to each other and graded from zero to two, where two is the same as 

more important, zero is identical to less important and one is equally 

important need (see table 1).

The grading is summarized in the total column. The weights are then 

calculated by dividing the summary of the grading with the summary of 

the total grade (see table 2). For example AM has a total grade of one. 

Since the total sum is 25, the weight for AM is 1/25 which is equal to 

four per cent.

Table 1: Example of weight matrix
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To calculate the weight in the next coming branch group you multiply the 

weight calculated with the weight from the upper branch. For example if 

you want to calculate the total weight of the need to PG (a sub-branch 

to AM) you multiply the calculated weight 6.25 % with the weight cal-

culated from AM, 4 % (see table 3). Total weight for provide grip is then 

6.25 % times 4 % which is 0.25 %. 

2.1.3   Concept Evaluation

For effective group decision making a structured method is used by ad-

vantage. This method is a so called Pugh matrix. In the matrix all criteria 

have a weight of importance. Every idea is then graded separately and 

then multiplied with the criteria weight. The idea with the highest sum-

mary is the winning idea (Hamrin & Nyberg, 2003).

Table 2: Calculation example of weight matrix

Table 3: Calculation example of weight matrix in a lower branch group
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2.2   Stanford’s Product Development Process

The ME310 Stanford product development process is much based on 

learning–by-doing and by building prototypes. During the course the 

students develops different theme based prototypes, for example criti-

cal function-, dark horse and functional prototype both as a learning 

process but also as a method for developing products. The different 

teams formed of students from a wide range of education, knowledge 

and background takes their project from defining a need to a functional 

prototype. The process is encouraging an innovative and user-centred 

process where much focus lay on the needfinding phase. Weekly meet-

ings with teachers and coaches give the team’s feedback of the ongoing 

work. 
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3.0 Theory

3.1   Global Team Work

When bringing people together in a project with different backgrounds 

and skills they create a unique team. According to studies these mul-

ticultural teams have a higher potential for success than single-culture 

teams do. Multicultural teams have different skills and ways to look at 

the problem which promote for more innovative solutions. Unfortunately 

they also have a higher possibility to fail (Hudson, 2007). Without face-

to-face contact misunderstandings and trust issues are hard to avoid. 

The distance also endorses an us-against-them mentality, which leads to 

counterproductive internal competition and unconstructive behaviours 

(Bodensteiner et.al, 2002). Since every unique team has their own prob-

lems it is hard to clearly define why some teams fail and some do not, 

but through this global experience three essential guidelines has been 

established for a successful global teamwork: Communication, Common 

goals and Commitment.

3.1.1   Communication 

One of the first things the professors at Stanford University declared 

was: 

“What are most important in global team work are three things - 

Communication, communication and communication.”  

It is not just important to communicate. It is even more vital how you 

communicate – to share information without misunderstandings.  To 

avoid misunderstandings and misinterpretations it is essential to have a 

common understanding about the best suiting ways of communication. 
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Without face-to-face meetings, full communication is impossible (Kost-

ner et.al, 1997).  Bandow (2001) states that attaining a comfort level 

with team members you don’t know and don’t share space with can take 

two or three times longer than with face-to-face interactions. Therefore 

it is critical for the team to meet each other in real life when starting up 

a global project (Bodensteiner et.al, 2002). For regular meetings video 

conferences are preferred, since it is the communication method closest 

to face-to-face meetings.

Time is often considered the most critical factor in global projects there-

fore it is good to have fast communication methods for times when fast 

feedback is vital. Chat programs are beneficial for this kind of commu-

nication. With long time distances between the team members it might 

be better to communicate fast messages by e-mail. It is good to have 

an agreement of how to get feedback as fast as possible. Otherwise the 

unresponsiveness could lead to trust issues and misinterpretations. Re-

peated behaviour could cause culture conflicts, feelings of isolation and 

a decreased sense of belonging (Bodensteiner et.al, 2002).  For shar-

ing larger documents and files it is good to have a fileserver and/or a 

webpage that every team member has access to. Effective use of com-

munication technologies and the will to communicate will create a sense 

of shared space that will improve the team work (Bodensteiner et.al, 

2002).

3.1.2   Common Goal 

When a team is formed every team member has its own expectations 

and interpretations about what the project is all about. Therefore it is 

important to discuss these goals and wishes together in an early stage. 

By making sure that the team works in the same direction and share the 

same vision will give a strong foundation for effective global team work 

(Bodensteiner et.al, 2002).  
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It is also good to learn each other’s skills and differences in the begin-

ning of the project and discuss the roles of every team member (Hudson, 

2007). By doing this the team makes sure what is expected from each 

other. 

3.1.3   Commitment 

In the beginning of every social relationship it is important to build each 

other’s trust. Trust is essentially confidence that a person is competent 

to reach a goal and is committed to reaching it (Handy, 2005). To build 

each other’s trust it is important that every team member is committed 

and by that prepared to give the time and effort it takes to reach the 

goal. With equal degree of engagement from all members trust issues 

will most likely increase.

3.2   Prototypes

In ME310 it is encouraged not only to learn by watch and listen, but to 

learn by doing and experiencing. This type of learning is established by 

building prototypes. Following prototypes are described in detail in this 

section:

• Critical function prototype

• Dark horse prototype

• Functional prototype

• Final prototype

A prototype is defined as an approximation of the product along one or 

more dimensions of interest (Ulrich & Eppinger, 2004). That is, any as-
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pect of the product of interest to the team that could be viewed in a pro-

totype. The prototypes could be physical or analytical models focused on 

a specific part of the product or comprehensive, including all attributes 

of a product. 

ME310 shares this definition of a prototype, but narrows it by excluding 

mock-ups and sketches etcetera, which simply communicates the idea to 

other people. The idea with prototypes at Stanford is to test the team’s 

ideas and concepts on users, physics, and/or the design team (wikibox.

stanford.edu, 2008). Except from learning from prototypes they are also 

useful for communicating a concept to vendors and managements by 

showing that the idea works. Furthermore prototypes are used to ensure 

that subsystems work together as expected. Prototypes are also used 

as milestones, in the later stage of the product development process, 

to demonstrate that the product has reached the product requirements 

(Ulrich and Eppinger, 2004). In the following sections different Stanford 

prototypes are described.

3.2.1   Critical Function Prototype

In early stage design development it is important to investigate the 

team’s objective to state the challenging problem and sub-problems of 

the project. In order to find what these problems are one way is to build 

and evaluate a critical function prototype. This prototype is not neces-

sary the product itself but could be a projection into the future of what 

could be (wikibox.stanford.edu, 2008).

The goal of the critical function prototype is to test the assumptions you 

have about your design by building a critical component, subsystem or 

function of the product and testing it on users, physics, and/or the de-

sign team. The critical function could consist of an important question 

about the design or be a possible solution to an important design prob-
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lem. The prototype ultimately should answer questions you have about 

your design. It also opens up the problem with questions and answers 

you never even thought about. Therefore it is important not only to 

carefully choose the critical function for the prototype, but to reflect over 

what the design team learned from the prototype. With this knowledge 

the team can create an opportunity for improvement that could be a key 

to enhanced product performance (wikibox.stanford.edu, 2008). 

Reflections:

• When deciding the critical function be sure to know why it is 

 critical. 

• Reflect and discuss what you’ve learned from the prototype.

3.2.2   Dark Horse Prototype

At some point, in all product development processes, the design team is 

forced to narrow down the design field and make a decision about which 

concepts should be in focus. Very often, at this stage, the concepts seen 

as too risky or too difficult to complete are sorted out too quickly. A dark 

horse prototype can prevent the design space from shrinking to fast and 

help the designers preserve ambiguity.

The expression dark horse has following definitions (Merriam-Webster’s 

Online Dictionary, 2008): 

a)   a usually little known contender (as a racehorse) that makes an  

  unexpectedly good show .

b)  an entrant in a contest that is judged unlikely to succeed.

The first definition (a. above) is the guiding spirit for the dark horse pro-
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totype. It could be one of these risky or impossible concepts that could 

be a great success to the project. And even if the concept is judged 

unlikely to succeed (see b above), and the dark horse did not work as 

planned, the team has most likely gained insights that will make the final 

product design better (wikibox.stanford.edu, 2008).

Reflections:

• Start by deciding the focus of your dark horse experiment. 

• When deciding the dark horse be sure to know why it is good   

 dark horse.

 

• Reflect and discuss what you’ve learned from the prototype.

• Reflect and discuss how it will influence your design project 

 going forward? 

3.2.3   Functional Prototype

The functional prototype is an early prototype of the final concept. This 

prototype could be the first prototype to show venture capitalists or 

management to convince them that, with additional funding, the team 

shall go on to produce a final prototype that is worth developing further 

for production. Following key words are essential for the functional pro-

totype (wikibox.stanford.edu, 2008):

• It should be believable. Make sure that the prototype will convince 

the companies that the team can deliver what is proposed for the final 

prototype. Show that the team knows what they do and have concrete 

plans for going forward.

• It should be clear what you are proposing. Make sure that they un-
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derstand what the product is all about. 

• It should be desirable. Make sure that they understand that the team’s 

project direction is a good one and that the solution has the spark of 

originality and innovation that people hope to see. 

Reflections:

• Prepare to show how the prototype works by showing results   

 from physical testing.

• Analysis the prototype’s suitability for manufacturing by making   

 a development plan for the final prototype.

• Be sure to know how to integrate key functions (if not already   

 integrated).

3.2.4  Final Prototype

A final prototype represents what is most commonly known as a proto-

type. That is, a first full-scale and usually functional form of a new type 

or design of a construction (www.merriam-webster.com, 2008). This 

prototype is developed to the stage where it is time to make it adaptable 

to manufacturing.

3.3   User Design

In order to analyze the user design there are several aspects to take 

into account. The user’s physical prerequisites to use the product as well 

as the user’s way of communicating with the product are if high impor-

tance. It is also vital to know how important the user design is to the 

product in order to decide the level of user design analyzes.      

http://www.merriam-webster.com
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3.3.1   Human Machine Interaction

The interaction between human and the machine during a given task is 

called HMI. Interaction can include touch, sight, sound, heat transfer-

ence or any other physical or cognitive function. Interaction design aims 

to reduce the time it takes to learn and to increase accuracy and effi-

ciency of a task without diminishing usefulness. The objective increase 

user productivity and satisfaction, to make the user interaction as simple 

and efficiency as possible. Interaction design also aims to improve the 

usability and experience of the product (Danielsson, 2001).

A good interaction design describes how well a product can be used for 

its intended purpose by its target users with efficiency, effectiveness and 

satisfaction and also taking into account the requirements from its con-

text of use. To improve and find a god interaction design and maximize 

the HMI the first thing is to research and understand user needs and 

then designing to meet and exceed them. Figure out who need to use it, 

and how those people would like to use it (Danielsson, 2001). A god HMI 

is measured by a number of components, such as learn ability and pro-

ductivity. These components are sometimes brought together under the 

title of “usability”, also known as quality of use. The ISO 9241 standard 

defines three components for measure HMI’s (www.iso.ch, 2008).

• Effectiveness 

Does the product do what the users require? Does it do the right thing?

• Efficiency 

Can the users learn the Interface quickly? Can they carry out their tasks 

with minimum expended effort, including a minimum of errors? Does it 

improve the productivity/effort ratio? Does it do things right?

• Satisfaction 

Do users express satisfaction with the product? Does the new product 

reduce stress? Do the end users now have a more satisfying job?

http://www.iso.ch
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3.3.2   Ergonomics

Ergonomics is the multidisciplinary scientific activity concerned with as-

sembling information on people´s capacities and capabilities and how 

to use that information when designing products, jobs, workplaces and 

equipment. According to the International Ergonomics Association (IEA), 

ergonomics can be divided into three main domains:

• Physical ergonomics - is concerned with human anatomical, anthro-

pometric, physiological and biomechanical characteristics as they relate 

to physical activity. 

• Cognitive ergonomics - is concerned with mental processes, such as 

perception, memory, reasoning, and motor response, as they affect in-

teractions among humans and other elements of a system. 

• Organizational ergonomics - is concerned with the optimization of so-

ciotechnical systems, including their organizational structures, policies, 

and processes.

Ergonomics uses many disciplines in its study of humans and their envi-

ronments, including anthropometry, biomechanics, mechanical engineer-

ing, industrial engineering, industrial design, kinesiology, physiology and 

psychology. Ergonomic research is primarily performed by ergonomists, 

who study human capabilities in relationship to their work demands. 

Information derived from ergonomists contributes to the design and 

evaluation of tasks, jobs, products, environments systems make them 

compatible with the needs, abilities and limitations of people (http://

www.iea.cc, 2008).

http://www.iea.cc
http://www.iea.cc
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3.3.3   Integrating Industrial Design

Importance of Industrial Design

All products used and observed by people are dependent on industrial 

design for commercial process (Ulrich & Eppinger, 2004). To measure 

the importance of industrial design it could be valued by answering fol-

lowing questions. The questions are divided in two dimensions – ergo-

nomics and aesthetics (were ergonomics involve all aspects related to 

human interaction).

Ergonomic needs

• How important is ease of use?

• How important is ease of maintenance?

• How many user interactions are required for the product’s functions?

• How novel are the user interaction needs?

• What are the safety issues?

3.0 Theory

Figure 7: Ergonomic workspace chart (www.ergotron.com, 2008)

http://www.ergotron.com
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Aesthetic needs

• Is visual product differentiation required?

• How important are pride of ownership, image and fashion?

• Will an aesthetic product motivate the team? 

(Ulrich & Eppinger, 2004)

Technology-Driven Products

Characterized by that the main benefits of the product comes from the 

products technology (see table 4). Engineering and technical require-

ments is therefore vital in the development process. Industrial design is 

bound to the external appearance and interaction with the user (Ulrich 

& Eppinger, 2004).

User-Driven Product

These products are characterized by a high degree of user interaction. It 

is typical to products were technology does not differentiate the product 

(see table 4). The development team focus mainly on user aspects of the 

product and engineering have an under laying roll of determining techni-

cal features (Ulrich & Eppinger, 2004). 
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3.4   Technologies

In order to decide the best suitable technology for the projects purpose 

several technologies were studied in detail. Following technologies are 

the ones with highest impact on the project.

Table 4: The industrial designers (IDs) role in the different product types  (Ulrich & Eppinger, 2004). 
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3.4.1   Liquid Desiccant Cycle

Desiccants are chemical substances that have a unique property to ab-

sorb moisture from the atmosphere. This makes desiccants a hygro-

scopic substance, which means that it has the ability to attract water 

molecules from the surrounding environment by physical absorption, 

forming of chemical bonds (chemisorptions) and adsorption (surface 

phenomenon) (see figure 8). There are several different substances that 

can be used as a desiccant but some of the more common desiccants are 

silica gel, calcium sulphate, calcium chloride, montmorillonite clay and 

molecular sieves. Rice can be used as a common “low-tech” alternative 

and salt is another effective desiccant, used for millennia in preparation 

of dried foodstuffs. The water intake capacity of the desiccants depends 

on their physical composition, chemical properties and the atmospheric 

conditions. To some extent, desiccant performance can be precisely de-

scribed, but most commonly, the final choice of which desiccant best 

suits a given situation, is made based on testing and practical experi-

ence. A desiccant may also be chosen for a particular task based not 

only on its effectiveness at drying, but also perhaps for any natural anti-

biotic/ fungicidal/ pesticide effect, for instance salt has a natural antibi-

otic and anti-fungal effect and is not harmful to humans when consumed 

in moderate quantities. 

Figure 8: Two different methods of attracting water, absorption and adsorption
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A liquid desiccant cycle (LDC) uses desiccants in an aqueous form and 

the desiccant solution absorbs moisture from ambient air when the va-

pour pressure on the surface of the salt particles is lower than the va-

pour pressure of water molecules in the ambient air. The bigger this 

difference is between the two substances vapour pressure, the stronger 

is the driving force for the water absorption. As the desiccant solution 

continues to absorb moisture, it becomes dilute and must be regenerat-

ed. Most of the desiccants can be recycled by thermally-induced drying. 

This means that the desiccant can be heated in a conventional kitchen 

oven or by using a pure distillation process. By boiling the solution the 

absorbed moisture is then released and the desiccant can then be re-

used again. Lithium Chloride (LiCl) is a desiccant with very hygroscopic 

ability and long-term stability. For detailed specifications about LiCl, see 

appendix 2.

3.4.2   Desiccant Wheel

A desiccant wheel (DW) is basically a method of using desiccants in a 

solid state. The desiccant is used in the form of a rotating DW. These 

rotating wheels are impregnated with solid desiccant particles (exam-

ple silica gel or molecular sieve). As the wheel rotates, the desiccant 

passes alternately through the incoming process air where the atmos-

pheric moisture is adsorbed by the desiccant and through a regenerating 

zone where the desiccant is dried and the moisture extracted. The wheel 

continues to rotate and the adsorbent process keeps being repeated. 

This high moisture content regenerative air is then passed through the 

evaporator coils. Here, the air gets cooled down and the condensed 

moisture is thus collected. The cold air is then passed over the top of 

the hot regenerative air channel to cool the incoming air, thus optimizing 

the process. DWs are typically employed in industrial desiccant based 

dehumidification systems (see figure 9).
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3.4.3   Vapour Compression Cycle

A vapour compression cycle (VCC) is one of the many refrigeration cycles 

available. It is the most widely used and conventional AWG´s is not an 

exception. It can be used for a wide number different applications such 

as domestic and commercial refrigerators, large-scale warehouses for 

storage of foods and meats, refrigerated trucks and railroad cars, and 

a host of other commercial and industrial services. Oil refineries, pet-

rochemical and chemical processing plants, and natural gas processing 

plants are among the many types of industrial plants that often utilize 

large vapour compression refrigeration systems. Refrigeration may be 

defined as lowering the temperature of an enclosed space by removing 

heat from that space and transferring it elsewhere. 

A VCC consists of a refrigerant that passes through a series of changes 

in a closed continuous cycle (see figure 10). It consists mainly of four 

steps. In the first step the refrigerant gas enters the compressor at low 

pressure and leaves it pressurized. In the process, the gas temperature 

Figure 9/A: A commercial DW

Figure 9/B: Desiccant wheel
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also increases and it makes it easier to process the heat transfer due to 

take place in the next step. In the second step the high temperature, 

high pressure gas then enters the heat-exchanging (condenser) coils 

and releases the heat to the surroundings. In this step, the refrigerant 

gas becomes a sub-cooled high pressure liquid and moves to the third 

step. The high pressure liquid then passes through the expansion valve 

that instantly reduces the pressure and temperature of the refrigerant 

and by doing so the cold liquid refrigerant goes through the evaporator, 

absorbing heat energy from the surroundings. The heat absorbing leads 

to an evaporation of the refrigerant liquid into low pressure gas. The low 

pressure gas then flows back to the compressor and the cycle continues. 

In case of AWG’s, the heat absorbed by the refrigerant in the evapora-

tor step cools the coils and, therefore, the water vapour in the air being 

passed over them condenses on the cold coil surfaces. This water is then 

collected and filtered to generate pure, drinking water.

Figure 10: The VCC
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4.0   Present Situation

4.1   The Company Immerse Global

Immerse Global is a small company placed in San Diego, California. 

George Alvarez is the President and CEO and he believes, that after 

three decades in advancements in AWGs and research, the stage has 

been set for Immerse Global to spark a revolution in worldwide water 

availability. Immerse Global stands as a global solution for today’s es-

calated water crisis. Their mission is to alleviate and save lives trough 

sustainable “Pure Water” solutions both domestically and internationally 

(www.immerseglobal.com, 2008).  

4.2   The Present Immerse Machine

Today Immerse Global offers an AWG that uses VCC 

technology (see figure 11). It has a screen that indi-

cates room temperature, RH level, filter life and hot/

cold water temperature (see figure 12). The machine 

has two water taps, one for cold and one for hot water 

and also a drainage under the cup holder (see figure 

13).  It’s equipped with a coal filter before the water 

chamber and a small UV-light inside the chamber to 

prevent bacteria and virus growth and keep the water 

fresh (see figure 11). For a more detailed specification 

of the present Immerse machine see appendix 3. 

Figure 11: The present Immerse machine

http://www.immerseglobal.com
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To learn more about the product and investigate how it performs, three 

performance tests were made (see appendix 4). The machine was run 

under different climatic conditions and the amount of water generated 

measured in an effort to get an idea about the performance of the cur-

rent AWG. It was found that the machine performed much below its 

rated performance levels.

Figure 12: Filters, Figure 13: Screen, Figure 14: Tap and drainage
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5.0   Future Vision

When the world’s ground water resources are diminishing and over 96 

per cent of the water is saltwater the time has come to look up in the 

air.  Air contains 0.001 per cent of the Earth’s water and is an unexplored 

natural resource. The technology behind Mímir is a new and innovative 

way to make water out of thin air and has a number of key advantages 

over similar products that are available on the market. The key advan-

tage of the LDC is that it is very effective at low humidity and tempera-

ture conditions and also energy effective. This means that Mímir can be 

powered by using the sun.

Solar electric panels will make the technology mobile and extend the 

market to include the whole world (see figure 13). This means that a 

future version of Mímir can not only be used as an indoor product but 

also as a mobile outdoor product. 

Figure 13: Solar panels
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The absorption chamber in the machine can be customized for different 

specific needs depending on the water requirements and the climate 

factors. All this will make a future Mimir not only a product for house-

holds but also as a mobile water resource for the needed.  It is easy to 

imagine Mímir being deployed in extreme conditions where there is very 

little ground water, no reliable energy source and extreme variation in 

temperatures and humidity. The future Mímir can either be deployed as 

a mobile irrigation for agricultural problems in China or being employed 

as a mobile well for the needed in Africa. 

The future Mímir will have a new design that makes it unique (see figure 

14). When the user thinks of AWG´s they will directly think of Mímir, just 

as IPod is for the mp3 market today. The machines design and interface 

needs to be developed further to maximize the uniqueness of the prod-

uct. It needs to be separated from the AWG stereotype that exists today. 

currrent user design is for the American market with extra features like 

LCD-screen and hot/cold water. When introduced on other markets the 

design has to be redeveloped to meet there needs and requirements. 

Figure 14: Example of the future Mímir design for the American market
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Immerse Global have a vision to be the leading company on the Ameri-

can market for AWG´s, to set a new standard and be an environmentally 

friendly alternative to bottle water for American homes. They also want 

to be a compeditor to water dispensers for office use. In the future Im-

merse Global hopes to fulfill the growing global drinking water needs. Be 

a reliable source of pure, safe drinking water for all locations even under 

adverse environmental conditions to meet the vast global water needs 

facing the world today.
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6.0   Problem Investigation

To understand and open up the problem the team has conducted care-

ful planning and problem investigations. Using the methods explained in 

chapter two the team ensured that the problem was properly analyzed 

and that nothing important was left out. 

6.1   Planning and Management

In a global team, with students from four different locations, it is es-

pecially important with detailed planning and good management. The 

planning included a detailed Gantt chart and a risk analysis to ensure 

that the project was on the right track. During the projects winter and 

spring quarter the planning and the communication was evaluated and 

improved to best fit the team.      

6.1.1   Gantt Chart

A Gantt chart was made in the fall quarter to make it easier to follow 

the project progress and have an overview on were the team stand, and 

what is next to come (see appendix 5).

6.1.2   Risk Analysis

To be able to identify risks that can emerge during the project and deter-

mine how to act to minimize them a risk analysis was established (see 

appendix 6). The influence of the risk and the probability of occurrence 

was graded respectively on a scale from one to five and then multiplied 

with each other to calculate the risk value. The risks were divided into 

three groups with an action plan explaining how to avoid the most criti-

cal risks.
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High Critical Risks (score twelve to 15)

• Running out of time/bad planning - The plan of action to avoid critical 

risks because of poor planning is to make a detailed project plan. The 

plan must also be followed up and verified a number of times during the 

project to make sure that the necessary progress is being made.

• Supplier problem - To avoid critical situations concerning both time 

and the project budget it is important to start looking for and comparing 

suppliers at an early stage as well as leave a time buffer to cover pos-

sible delays.

• Conflicting requirements (from universities) - The best way to avoid 

this problem is to be aware of the fact that the different universities have 

given the students different assignments, that they must complete in 

order to pass the course.

• Lack of faith - Getting to know each other makes it easier to trust and 

have faith in other group members’ abilities, we are all knowledgeable 

in different fields.

• Prestige/egoism - The best way to avoid this problem is to remember 

the negative effects that this kind of thinking has on the efficiency of the 

group and the outcome of the project.

• Unclear assignment - This can be a great factor that can affect the 

result of the project in a very negative way. The way to make sure that 

this problem does not occur is to keep an open dialog with the liaisons 

during the whole project.

• Communication - Regular meetings via videoconferences, telephone, 

Skype, Email, team homepage etcetera.
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Intermediate Critical Risks (score nine to eleven)

• Low efficiency

• None working prototype

• Too strict demands/technical impossible

• Lack of knowledge

• Different focus within the team

• Wrong focus

• School breaks

Low Critical Risks (score one to eight)

•   These risks are low and no actions will be needed.

6.1.3   Communication

The primary mode of communication within the team for most of the 

project was by weekly videoconferencing. The frequency of the vide-

oconferences was increased near the deadlines and the end of the quar-

ters. The team used the software Marratech 6.1 for the conferences. 

During the last 1.5 months, the video conferences were reduced as the 

LTU students joined the students at Stanford. Other modes of informa-

tion and data sharing that the team used were Skype, e-mails, the team 

homepage and shared folders. Skype and e-mails were used for urgent 

messages and discussion. The home page and shared folder were used 

for sharing documented analyzes and investigations.
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6.1.4   Deliverables and Milestones

The deliverables and important milestones for the fall, winter and spring 

quarters are shown in tables 5, 6 and 7 respectively. 

Table 5: Deliverables and milestones for fall quarter 

Table 6: Deliverables and milestones for winter quarter
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Table 7: Deliverables and milestones for spring quarter

6.1.5   Budget

The project was founded by Immerse Global and the Swedish PIEp or-

ganization. The project budget was equally divided between the Univer-

sities. Stanford, KTH/LTH and LTU, had an independent project budget 

of $ 16,500 each. The Swedish Universities also had an international 

travel budget each of $ 11840 and a joined domestic travel budget of $ 

6500 (see table 8 below, one American dollar approximately equals 6.50 

Swedish crowns). A more detailed list of the budget was also stated (see 

appendix 7).

Table 8: LTUs project budget
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6.2   Mission Statement

The mission statement, or corporate statement review, summarizes the 

direction of the product development from the company Immerse Glo-

bal’s goals and wishes (see table 9).

Table 9: Mission statement
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6.3   Clarify the Problem

To get sufficient understanding of the problem and be able to enter 

deeply into it a problem clarification was made. The team started by for-

mulating a need statement from the liaisons requirements and wishes. 

The need statement summarizes the team’s direction of the product 

development (see table 10).

From the need statement the team set up a vision of the project:

“Our aim is to develop a safe and energy efficient machine that pro-

duces, hygienic and healthy drinking water reliably, at a reasonable 

cost and in a user friendly way.”

Table 10: Need statement
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Three main project objectives (or critical sub problems) were identified 

from the project vision (see figure 15). Since the most critical objective 

of the project was reliable water production, the team decided to focus 

primarily on the technical aspects of water generation. The energy ef-

ficiency became the second focus area and then the product design. 

6.4   Benchmarking Activities

The team conducted a series of benchmarking activities throughout 

the autumn quarter. These activities included an extensive study of the 

global geographical conditions, technology research and existing prod-

ucts’ survey. In addition, the team also indulged in a series of hands on 

benchmarking exercises in an effort to gain a better understanding of 

the underlying principles involved. The objective of the entire gamut of 

activities was to gain an in-depth knowledge about all the numerous nu-

ances of the water industry, both from a commercial and a technological 

perspective.

Product design Energy efficiency

Reliable water production

Product

?

Figure 15: Three main project objectives
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6.4.1   Existing Products

The team explored the various commercial products and services avail-

able throughout the world in an effort to understand the design problem 

more closely (see appendix 8). The search domain included all the vari-

ous facets of the potable water’s life cycle, ranging from its production 

techniques to purification methods and transport mechanisms.

6.0 Problem Investigation

Figure 16: Different AWGs
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6.4.2   Patented Technologies

Besides the technologies normally available in the public domain, the 

team also focused on the various patented processes for water extrac-

tion from air (see appendix 9). Most of the patents found in the litera-

ture were developed for minimal energy input but were silent on the 

efficiency of extracting water. Many of the processes use the VCC with 

an improved feature to increase its efficiency. There were also some 

processes using pressure chambers. The team continued to derive more 

information from the patent literature during the whole project. 

 

6.4.3   Technology Research

The team studied the various technologies that are currently being ex-

ploited in commercial AWGs and other related devices such as refrig-

erators, air conditioners and dehumidifiers. Due to the inherent tech-

nological content of the project, it involved a lot of literature survey, 

scientific analysis and study of various thermodynamic cycles (see ap-

pendix 10). The most important technologies are described in detail in 

chapter three. 

6.4.4   Water Research

Amount of Water in Air 

Since one of the major requirements of the project was to generate 

water at RH values of less than 30 per cent, the team tried to gauge 

how much air needed to be processed in order to generate a particular 

amount of water.
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As can be seen from the graphs (see figure 17) the absolute amount of 

water that air can hold without precipitation, is a strong function of tem-

perature. In areas with low temperatures, even if the RH is high, there 

is little water in the air that can be removed. Therefore, one cannot ex-

pect the same machine to work with equal efficiency at both the Sahara 

desert and Arctic, even though the RH values may be identical at both 

places. Thus, it is necessary to specify an optimal temperature value (in 

addition to the optimal RH values) as part of the operating range of the 

intended device.

This study prompted the team to include the desired operating tempera-

ture range as one of the discovered requirements of the project.

Figure 17: Variation of water vapour amount with temperature at different RH values (www.agmcontainer.com, 2007)

http://www.agmcontainer.com
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Geographical Distribution

As part of its market research, the team also studied regions around the 

world that may serve as prospective markets for the product (see figure 

18 and 19). The product has a natural market in the vast arid zones of 

the world that have average RH values of 20 % or above, and lack all 

other conventional water sources such as perennial rivers or lakes. 

Figure 18: Map – average RH

Figure 19: Map – average temperature



��

® 6.0 Problem Investigation

6.4.5   Experts

For knowledge and consultation about absorption processes the team 

has been in contact with Lars Westerlund, university lector at LTU. Lars 

Westerlund has done research in black liquor gasification-enabling tech-

nology for renewable transportation fuels and also particle separation 

and heat savings in flue gases from small scale boilers. The team estab-

lished contact with him after reading his doctor thesis “Open absorption 

system for drying of moist air”.

Another recourse of expertise is the Chemistry department at LTU pro-

viding the team with knowledge and chemistry supplies for testing the 

desiccants. Experts at Outokumpu provided information about corro-

sion-resistant steel that could be used with LiCl. The tests showed that 

it is hard to use steel with LiCl when using it during a long period of time 

because of stress-corrosion. This could be prevented, though, by careful 

design. 

6.5   Needfinding

The design team started the needfinding by studying the target custom-

er and investigating their needs for similar products. This was conducted 

via a literature study. The actual needfinding was done by studying peo-

ple using a coffee machine. From the results obtained, brainstorming 

sessions were used to define the main design theme and possible user 

functions. The needfinding process ended by interpreting all needfind-

ing results and arrange them into a concept classification tree. In the 

tree all different needs are weighted against each other to find the most 

important needs.
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6.5.1   User Design Study
 

To determine the user’s needs and expectations from the product a user 

design study was made. The study included literature studies and need-

finding activities to find out what the user finds important with the prod-

uct.

Know the User

The needfinding began by getting to know the target user group and 

what she would expect from the product. After due consultation with 

the liaison (see appendix 11), the user group was decided to consist of 

women in their thirties with a healthy lifestyle. The needs found were 

that is should improve the user experience. I should also be accessi-

ble, nature inspired, user friendly, practical, trustworthy, personal and 

have style. The results were based on the fact that most people buying 

healthy products are not the ones living a pure healthy lifestyle. To be 

able to attract the larger customer segment the product must attract the 

ones that want to live healthier (www.emeraldinsight.com, 2008).

People who maintain a healthy lifestyle tend to be female, older, more 

educated, place less importance on the value of “excitement”, have a 

greater tendency to plan ahead and tend to experience less role over-

load. From this analysis, it can be concluded that, in order to attract the 

large segment of healthy lifestyle people, one must fulfil the need of ex-

citement for those who need it (see figure 20). It is also important that 

the healthy products are not time consuming nor something you must 

plan for (www.emeraldinsight.com, 2008).

http://www.emeraldinsight.com
http://www.emeraldinsight.com
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It is hard if not impossible to specify a specific women’s need for all 

healthy products. When designing it is more important to focus on how 

different gender use the product (www.ijdesign.org, 2008). What is no-

ticeable is the discovery made by Volvo Car Corporation when design-

ing their Your concept car (YCC) made by women (see figure 21). They 

found that women want everything in a car that men want in terms of 

performance and styling, plus a lot more than male car buyers have 

never thought to ask for. The key needs fulfilled by this exceptional car 

are that it is stylish, practical and could be trusted (news.bbc.co.uk, 

2008). For a more detailed study see appendix 12.

6.0 Problem Investigation

Figure 20: (left) OSIM iGallop© claims to give you fitness and fun at the same time. (right) The Nutrition 
Bar has a good combination of health and convenience.

Figure 21: Volvo’s Your Concept Car

http://www.ijdesign.org
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Kitchen Trends

Kitchen trends were also stud-

ied to find out what attracts the 

American market. The trend 

found was that the kitchen area 

expands in size and complexity 

and is becoming more a com-

monplace. Thought the kitch-

ens size expands, less time is 

being spent on preparing food. 

What is important is to have 

a thoughtful, experienced and 

creative design in which these differing elements exist together. Most 

kitchens have either a European style or a contemporary style. European 

style is characteristic for its relatively plain style with colours that tend 

to melt seamlessly into one another (see figure 22). Contemporary style 

has fewer rules and generally they feature heavy contrasting themes 

(see figure 23).

Figure 22: European kitchen style

Figure 23: Contemporary kitchen style
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The kitchen products are preferred to be time savers, convenient, are 

easy to clean and maintain, stylish, personal, able to do many tasks, pre-

pare foods more efficiently, and promote healthy cooking. Many kitchen 

products have a retro stainless steel look which gives a high-end profes-

sional or commercial look (www.kitchendesignersideas.com, 2008). For 

a more detailed study see appendix 13.

Analyzing Apple Design Form

For design inspiration an analysis was made of the successful Apple 

Design form. The characteristic features found were a simple, clean, fu-

turistic and compact design without hard edges. Apple design also has a 

great human-machine interface allowing the functions to be available at 

any time. The interaction could be improved by using LEDs for example 

(see figure 24).

Figure 24: Examples of products using LED’s.

http://www.kitchendesignersideas.com


Global Product Development of an Atmospheric Water Generator

2008 © Immerse Global, Inc

The colours should be around maximum three, for example black, white, 

blue and green (see figure 25).

When choosing a material focus on plastic combined with metal, for ex-

ample brushed aluminium, chrome or stainless steel (see Figure 26).

Try to use basic shapes and forms (see figure 27). The size could either 

be small or big, that is standing on the flour or at a bench.

Figure 25: Example of colours

Figure 26: Material examples

Figure 27: Basic shapes
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To be able to create a successful product, the product needs to be de-

signed in a universal way. The design should fit most homes with very 

different interior designs. For example, the colours and material should 

be very neutral but at the same time interesting. For a more detailed 

study, see appendix 14.

6.5.2   User Test Coffee Machine

The test was conducted in the staff room at the department of applied 

physics and mechanical engineering, LTU. The test group consisted of 

37 users during one hour. They had no knowledge of being observed. 

The two machines in the dining room are Wittenborg FB1500 (see figure 

28). The user can chose from hot water, coffee, chocolate, cacao crème, 

chocoffee, wiener mélange, cappuccino and café au lait.

Figure 28: (left) Coffee maker Wittenborg EB1500, (right) Choices
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Result

1. Holding the cup while waiting for the coffee                  2

2. Did not wait for the ready-beep.                  35

3. Did not look at the display for information.       35

4. Poured milk while waiting for the coffee.          3

5. Left the machine while waiting for the coffee to be ready            7

6. Spilled out the water/coffee.          2

7. Bent down to see if the coffee is coming.        1

8. Lifted up the cup in the end of the process.                 6

9. Took away the cup before the process was finished.                4

10. Changed the position of the cup during the procedure.      2

Observations

• The cup holder is rounded causing the cup to be unstable.

• If filling a coffee pot it is necessary to hold the cup holder to the side  

   manually, in order to make the coffee pot fit. 

• The buttons should withstand hard pressing.

• The coffee drain is necessary when you have a button system.

Discussion 

The most important observation was that almost no one used the display 

(see figure 29). The reason for that could be that the people observed 

are used to the machine and more importantly, because the users do not 

need the information displayed since they can use their eyes and ears to 

follow the process live. If using a display it could be located in the same 

height as the water/coffee flow and only display necessary information.

Figure 29: Display showing the choice and the making process



5�

® 6.0 Problem Investigation

What is also important to mention is that most of 

the observed people seemed stressed and did not 

seem to have time to wait for the process to fin-

ish. The people who left the machine while waiting 

for their coffee to become ready used the time to 

do other things while waiting. The strangest thing 

observed was the round cup holder since it has 

no useful function. It just makes the cup unstable 

(see figure 30).

6.5.3   Brainstorming Sessions

To open up the design field and to make sure that as many needs as 

possible were taken into account; brainstorming sessions were arranged 

with all the swedish team members. The brainstorming sessions involved 

both finding design idioms and determining which user functions could 

be of importance for the product. The most important idioms consid-

ered for the product design were Healthy, Safe, Quality, Modern/Trendy, 

Clean Design and Branding. To obtain these idioms, following statements 

are important to consider (concluded from the brainstorming for each 

idiom):

• The buttons are preferred to be seamless with the surrounding but with 

a good feedback. For example touch buttons or membrane switches. The 

buttons should also have a feeling of good quality.

Figure 30: The round cup holder
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• The sound of the product should be calm and quiet. For example  add-

ing the sound of waves could add a calm feeling to the product. It is also 

important that the sound is not experienced as cheap when for example 

using buttons and opening levers. The sound level should be kept low 

as possible.

• Adding effective light to the product could be a good way of combining 

feedback and modern/trendy design.

• The materials are preferred to be of good quality and easy to clean 

(no fake metal, materials giving irritating fingerprints or materials giv-

ing a non-hygienic impression). The materials should be simple, perhaps 

a shiny material in combination with stainless, brushed metal. It could 

also be effective to see the actual water. Translucent surfaces could be 

used.

• The colours are preferred to be few, calm and match the colours of the 

immerse logo. It could also be effective to use colour in the display. The 

product name could have an environmentally friendly touch. The colour 

should appear healthy, for example by using green or blue.

• The shape is preferred to be of simple geometrics and coherent with 

few joints (for example with an integrated display). Perhaps only one or 

two geometric shapes to keep the simplicity, examples are round, cylin-

drical, flat or rectangular. For safety the shape should be stable, sustain-

able, and free from sharp edges and loose parts. It could be effective if 

the edges were rounded or triangular. 

• The product should only have a few functions without complicated 

electronics. Some functions could be integrated with the appearance 

(inlet air) and some should be hidden. Should be easy to operate.
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• For quality it is also important that the product doesn’t smell odd or 

become too hot/cold. The product should also be consequent, salience 

and innovative.

 

The following ideas came out of the brainstorming regarding desirable 

functions:

• An idea about having prefilled personal bottles in the machine came 

up. The idea includes having specific bottles that comes with the product 

but to also allow regular bottles to be used. Another bottle idea is that 

you have a specific tap for standard bottles. 

• Some water options are preferred. For example flavoured water, vita-

mins, energy drink, tea, coffee, carbonated water, cold water, hot water, 

beer/wine fridge.

• Few buttons are preferred, for example a touch screen.

• Transportation would be facilitated if the product is collapsible during 

logistics.

• The product could be placed by itself, integrated in the fridge or on top 

of a bench. 

• The product should give feedback when the water is tapped. For exam-

ple by blue light = cold water, red light = hot water and a ready signal.

• The water tap should have one-hand grip for usability. For example 

dimmer, beer tap, large buttons, water fountain, sensor buttons.

• A lot of display functions came out of the brainstorming, but as  

discussed earlier it is desirable to have only a few functions and use 

6.0 Problem Investigation
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visual feedback as much as possible. To know what functions to include 

it is important to look at what the customer really wants/needs. For 

example time, date, RH, temperature, water production rate, energy 

consumption, service information, health meter, internet, TV, sleeping 

mode etcetera.

• It is important that the product is easy to clean for good mainte-

nance.

• Noise reduction is important. For example placement, material, direct 

the sound source, divert sound source.

Bottle Feature

To follow up the idea with having bottled water in the product a small 

investigation was made. From observations on the internet it’s obvious 

that many people buy water bottles instead of drinking tap water. In the 

United States people buy approximately 26 billion litres (2004) of bot-

tled water each year. That’s approximately one 2.5 dl (eight ounce) glass 

per person per day (www.earth-policy.org, 2008).  The idea to include a 

bottle rack in the product should please people that want to bring their 

personal water bottles. These people would in many cases be women 

that use hand bags but also men who care about the environment etc 

(forums.vogue.com.au, 2008). 

Figure 31: The water could be marketed with the bottle design

http://www.earth-policy.org
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The bottles used should be of a material that is designed for reusing 

because it seems that people are aware of the health risks involved in 

reusing single use water bottles. The bottles also give an opportunity 

of branding (see figure 31). On the other hand this bottle filling feature 

should allow other water bottles than the ones provided buy the product 

to be filled as well (www.snopes.com, 2008).

6.5.4   Concept Classification Tree

A concept classification tree is a way of analyzing user needs of a product 

from a user’s point of view. It gives results about the needs with regard 

to which is the most important compared to the other. The tree was cre-

ated from results from brainstorming sessions, needfinding documenta-

tions and need statement (see table 1). The needs were interpreted by 

describing them with a verb and adjective (see appendix 15). The inter-

preted needs were then organized in to a tree (see figure 32).

Table 11: Need statement

6.0 Problem Investigation

http://www.snopes.com
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In the tree the most important user need is that the product should pro-

vide quality water. Within this need group it is most important that the 

product provide good smelling and tasting water that is hygienic, rather 

than providing consistent water production in low humidity levels. The 

product’s design uniqueness is the second most important user need. To 

fulfil the user need of providing quality water it is also important that the 

product appear with quality. Further it is important that the product is 

trendy; to allow a new user experience and to express simplicity. 

It is also important that the product is user friendly. That it is trustwor-

thy, provides safe water, has a negligible noise level and has a good hu-

man machine interface. The cost of the product is not as important as 

the factors previously discussed.
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Figure 32: Concept classification tree
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7.0   Design Specification

From the needfinding phase and the requirements given by the liaison 

the team composed design requirements or constraint for the continu-

ing development process. Design requirements are the defining goals 

that the product has to achieve. There are some requirements that are 

critical, which implies that the product can not be complete without. 

There are others that are not as critical but, if present, greatly increase 

the functionality of the product. Let us consider an example of a ball. A 

critical requirement could be that it should bounce, while a non-critical 

requirement could be that the material should be rubber. 

The challenge for the team is to make an AWG with universal applicabil-

ity, that produce very pure, safe drinking water at a highly affordable 

price. The machine should be a style icon that revolutionizes the water 

drinking experience across the globe. The machine could also be pow-

ered with alternate sources of energy, like solar or wind power.

There are a lot of design requirements to achieve the objectives laid 

above. These can be distinctively categorized into two headings:

• Functional Requirements

• Physical Requirements

7.1  Functional Requirements

These are the set of requirements that define the functionality of the 

design. Considering the example of the ball again, a functional require-

ment can be that the ball should be able to bounce. The functional re-

quirements are listed below, along with the rationale and the criticality 

of each (see table 12).
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Table 12: Functional requirements
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7.1.1   Functional Constraints 

During a design process, there are always certain constraints that limit 

the design space. These functional constraints are the design limitations 

without compromising the functional requirements. Coming back to the 

ball example, a functional constraint can be that the ball has to be a 

solid to be able to play with. The functional constraints, along with the 

rationale and criticality, are as follows (see table 13):

Table 13: Functional constraints
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7.1.2   Functional Opportunities

Functional opportunities are avenues in the design that can be possibly

implemented, confirmed by the above set of guidelines and constraints.

Following are the opportunities:

•  The device conveys a broader sense of one of the most important

elements in life: water. The device would provide relevant information

about the water that the user consumes. This imparts a greater sense of 

confidence for the user that the water consumed is of a high quality.

• The device can potentially revolutionize the water drinking experi-

ence. The device can be highly customizable, so that each user has a 

highly satisfying and fulfilling experience with the product. Drinking wa-

ter, which is an essential part of human life, should become a lot more 

enjoyable.

• The device can be uniform across all geographical borders. It can 

be uniform in its performance, delivering the best quality water every-

where.

• The device can be based on a process that couples more than one cy-

cle. The current vapour compression cycle (VCC) has limited operational 

and efficiency bounds. Therefore a solution that seeks to combine the 

benefits of two or more technologies can be sought. 

7.0   Design Specification



Global Product Development of an Atmospheric Water Generator

2008 © Immerse Global, Inc

7.1.3   Functional Assumptions

• The device will be used where it has access to large volumes of air. 

This is important as the target production of 20 litres a day requires 

processing of large volumes of air.

•   The team assumes that a constant electric power supply will be avail-

able for the device. However, in later stages of design planning, the 

team may look into the incorporation of alternative energy sources in 

the device.

7.2   Physical Requirements

These requirements specify what the design is. These govern the compo-

nents but are not the components themselves. Referring to the example 

of the ball again, a physical requirement for the ball can be its spherical 

shape, which would help it achieve the physical goal of bouncing. Follow-

ing are the physical requirements for the machine (see table 14): 

Table 14: Physical requirements
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7.2.1   Physical Constraints 

These refer to the limits of the design. A lot of possible design solutions 

may need to be discarded at times, as they do not fulfil the design con-

straints. Hence analysis of the physical constraints of the design chal-

lenge is important. Following are the constraints that are applicable (see 

table 15):

7.0   Design Specification

Table 15: Physical constraints
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7.2.2   Physical Opportunities

These are the range of physical ideas that can be implemented into the 

design. These are the opportunities that the design provides while being 

within the domain of all requirement and constraints. 

Customizable Design/Display

Different users may want a different look and feel of the product. Also, 

different aspects of the design may fascinate different users. Hence, 

customization of the device may add to the desirability of the product.

 

Develop the Operating Manual of the Device  

Develop maintenance and cleaning procedures for the unit, in order to 

ensure efficient operation.

7.2.3   Physical Assumptions

• The device will not be tested in a more challenging environment   

 than it has been designed for.

• The user will be responsible for the maintenance and cleaning of 

 the machine.

• A maximum of five litres of water will be consumed at any one time.

• The device will not be subjected to any substantial mechanical 

 stresses above those arising from normal operation of the unit.
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8.0   Concept Generation 

8.1   Prototypes

As a part in the design process many different prototypes were built dur-

ing the project. The main prototype steps at Stanford are called critical 

function prototype, dark horse prototype and functional prototype.  For 

a more detailed description of the prototypes, see section 3.2.

8.1.1   Critical Function Prototypes

Based on the results of the benchmarking process, the team identified 

the desiccants and the Peltier element as two of the candidate technolo-

gies that had the potential to be successfully harnessed for water gener-

ation under extreme conditions. Therefore, the team decided to explore 

these two technologies further. Besides, there were a few creative ideas 

relating to the improvement of the existing heat transfer process that 

the team wanted to pursue. 

The key questions that needed to be answered were:

• Question 1 - How do desiccants behave under extreme conditions (RH        

< 30 %)? Which desiccants are most efficient under these conditions 

and by how much?

• Question 2 - How to regenerate the water once the desiccant has ab-

sorbed it?

• Question 3 - Can Peltier devices be successfully used to extract water  

from the atmosphere?

• Question 4 - Is there a better way to increase the heat transfer be-

tween the air and the cooling element?

8.0   Concept Generation
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The four critical function prototypes built by the team at three separate 

locations were aimed at answering each of the above questions. Since 

VCC was a fairly established and well documented technology, the team 

did not feel the need to test it further. Besides, the team had already 

established its efficacy under dry conditions during the benchmarking 

process.

Prototype 1: Comparing Different Desiccants

Questions Addressed

The behaviour of the desiccants under humid conditions (RH of 40 to 

60 %) is fairly well known. However, there was an ambiguity regarding 

their behaviour under dry conditions (RH < 30 %). A well characterized 

performance data for desiccants under extreme climatic conditions was 

essential for the team to proceed further with the technology develop-

ment. 

There was also a need to have a comparative study of different types 

of desiccants in order to ascertain the best desiccant for the purpose. 

Therefore, the team decided to pursue with this prototype. Through this 

prototype, the team also gained hands on experience with the handling 

of different types of desiccants and the subtle nuances involved.

Prototype Details

An artificial controlled humidity chamber was built in order to maintain 

the ambient humidity at desired levels during the course of the ex-

periment (see figure 33). This was done by putting a humidifier inside a 

closed glass chamber. A wind tunnel was also made with an air blower 

at one end. The different desiccants to be analyzed were put inside the 

wind tunnel.
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The different desiccants that were tested were (see figure 34)

• CaCl2
• LiCl

• Water Gel Crystals (WGC)

• Water Gel Powders (WGP)

‘
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Figure 33/B: Peltier Element

Figure 34/C: Desiccant PowderFigure 32/A: The Controlled Humidity Chamber

Figure 34.C:  Water Gel Crystals 

Figure 34.D:  Water Gel Powder Figure 34.A: Calcium Chloride (CaCl2)  

Figure 34.B:  Lithium Chloride (LICl)
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Results 

The result was plotted into a diagram (see figure 35).

Figure 35: Results from desiccant experiment
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Sources of Error

• In case of some of the desiccants, due to the extremely low quantities 

used, the error in the measurements is very high. For instance, in case 

of WGC, an error of 1 gram may give rise to considerable percentage 

changes in water absorbing capacity.

• On the other hand, using large quantities of the desiccants might also 

not be useful as all of it might not be properly exposed to air. This ex-

plains low water absorption for CaCl2 at 80 % RH. 

Lessons Learned

The prototyping exercise helped the team gain a better overview of 

the desiccant behaviour under dry conditions. The key lessons learned 

were:

• Most desiccants seem to work reasonably well even at low humidity 

levels. This is promising especially when compared to VCC whose effi-

ciency decreases drastically at low humidity values.

• LiCl is the best desiccant used. Even at 35 % RH, it absorbed water up 

to 90 % of its own weight in ten hours.

• WGC also seem a promising opportunity at the moment. The team 

intends to explore them in greater detail in future.

• CaCl2, though a commonly used drying agent, was not found to absorb 

large amounts of atmospheric water.
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Prototype 2: Water Extraction using RO Process

Questions Addressed

Though most desiccants absorb reasonably well under dry conditions, 

extracting the absorbed water back from the desiccants presently pose 

a major bottleneck in the further development of the desiccant technol-

ogy. One method that was proposed as a part of the benchmarking pro-

cess was the use of RO extract water from the desiccant-water system. 

Theory

The process uses a semi permeable membrane. This membrane has mi-

croscopic openings that allow water molecules, but not larger particles, 

to pass through. When an external pressure is applied, water is forced 

through the membrane leaving behind the solute particles. As a result, 

the water on the other side of the membrane is cleaner, while that left 

behind has an even higher particle concentration than before (see figure 

36). 

The idea was to pass the desiccant-water solution through an RO filtra-

tion process and test whether one would get pure water on the other 

side of the membrane, leaving the desiccant behind.

Figure 36: A schematic for the RO process
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Prototype Details

A commercially available RO drinking water system was adapted for this 

purpose (see figure 37). The pressure required for the RO process was 

manually generated using a standard bicycle pump. The filtered water 

and the waste water were collected through pipes in water containers. 

The prototype was set up at Stanford University (see figure 38). The 

desiccant-water mixture (10,000 ppm) was passed through the RO sys-

tem. The waste water collected was again passed through the system 

and the process was repeated until no further purification took place. 

Figure 37: The RO system

Figure 38/A: RO Setup Figure 38/C: Pressure Tank

Figure 38/B:  Water Tank
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Results

The pure water stopped coming out of the system after the fourth time. 

The TDS count, a measure of impurity content in water, in the waste 

water kept increasing at each successive round. This was as expected 

(see figure 39).

Lessons Learned

This prototype was very significant as it involved testing a new idea 

that was critical to the implementation of desiccant technology in the 

intended device. The team gained some significant insights into the RO 

process and the desiccant-water mixture. Some of the key lessons that 

the team learnt were:

• The amount of clean water obtained was insignificant compared to 

the large quantities of waste water that was generated. For a given 

amount of water used, only about 10% clean water was obtained. This 

limited the use of this technique in practical applications.

Figure 39: TDS graph
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 • It is hard to extract pure water out of the desiccant-water mixture 

using this process. This is due to the fact that the efficiency of the RO 

process reduces as the concentration of solute particles in the incoming 

water stream increases. In case of desiccant-water mixture, the solute 

(desiccant) concentration is high to begin with (close to 100%). This 

reduces the filtration efficiency drastically.

• Even though the RO filtration efficiency is very low for desiccant-wa-

ter mixture, one may still expect to get some clean water out upon the 

application of a large pressure. 

Prototype 3: Water Extraction using Peltier Element

Questions Addressed

The objective of this prototyping process was to get a better idea about 

the working principles of a Peltier cooler. The key question addressed 

was whether a Peltier cooler may be used to condense water out of the 

atmosphere. The various controlling parameters of the process were al-

tered to optimize the condensation rate.

Prototype Details

A Peltier cooler was used to achieve condensation by cooling the warm 

surrounding air on the cold side of the element (see figure 40). A Peltier 

cooler is a solid-state active heat pump that transfers heat from one side 

of the device to the other side against the temperature gradient, with 

consumption of electrical energy. 

In particular, the following effects were analyzed:

• The area of the cooling plate was changed to analyze its effect on the 

condensation rate.
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• The effect of imperfections on the condensation rate was also stud-

ied.

• The angle of the cooling plate was changed to see the affect of drain-

age on the condensation rate, if any.

Results

Experiments were made during two days under different circumstanc-

es and different conditions. The results are presented below (see table 

16):

Figure 40/C: Water Drops 

Figure 40/B: Wireing Diagram

Figure 40/A: Peltier Element with Cooling Plate

Table 16/A: Results from experiments during two days. Peltier Element with Cooling Plate
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Lessons Learned

• The smaller sized cooling plate became so cold that the condensed 

water froze. On the other hand, if the plate is quite large, the cooling 

might not be uniform and sufficient to decrease the temperature below 

dew point. Hence, a proper optimization of the cooling plate area is es-

sential.

• It is easy to get moisture on the sheet but when the drop increases in 

size it is hard to make it drip down. One should try another kind of sur-

face with less friction. If the droplets are not removed for a long time, 

they form an insulating layer, thus inhibiting further condensation.

• The surface imperfections had no effect on the condensation rate, but 

it affects the droplet-dripping rate as explained above.

• The hot side of the Peltier element needed to be constantly cooled. 

This entails additional energy and increases the energy consumption.

8.0   Concept Generation
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Prototype 4: Better Heat Transfer 

Questions Addressed

The purpose of this prototype was to test a better way of enhancing the 

heat transfer rate between the air and the cooling medium. Conventional 

methods, currently being employed, involve heat transfer between a 

cold metal surface (evaporator coils in an AWG, or cooling plate in a 

Peltier cooler) and the passing air stream. The idea was to bubble the 

air through a liquid cooling medium. This would enable better mixing 

between the medium and the incoming air and, hence, would result in 

better condensation rate. A natural extension of this logic would be to 

bubble air through a liquid desiccant to further enhance the desiccant-air 

interaction.

Prototype Details

A container filled with oil was taken and cooled below the dew point (six 

degrees Celsius under experimental conditions). In the first case, air 

from lungs was passed through the oil for two minutes (see figure 41). 

In the second case, air was pumped through the oil using an air pump 

for 15 minutes. The air temperature was 21° C and the humidity 80 

% RH (see figure 42). When the temperature rose, snow was stacked 

around the container to keep the temperature low (see figure 43). 

Figure 41: Air being blown into the oil
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Results

When the air was manually blown through mouth, one could immedi-

ately see clouds being formed in the oil. These clouds soon settled down 

as small water bubbles at the bottom.

One could also clearly observe very small water bubbles being formed 

when the air pump was used to blow in the air. However, in this case the 

number of bubbles formed was much less. This is expected since the 

exhaled air from the lungs is often saturated (100 % RH).

Lessons Learned

• Condensation does, indeed, take place using this method. 

• If the liquid being used is lighter than water, the water bubbles would 

settle down, thus eliminating the risk of water loss due to evaporation. 

• For low air speeds, the mixing between liquid and air is enhanced and 

condensation rate is high. However, if the air flow is increased, it might 

slightly reduce the heat transfer rate.

Figure 43: The fluid test using snow to keep the oil coldFigure 42: Air being blown into the oil through an air pump

8.0   Concept Generation



Global Product Development of an Atmospheric Water Generator

2008 © Immerse Global, Inc

Some possible ideas that were generated as a consequence of this pro-

totyping exercise were:

• A higher liquid column should increase the pressure at the bottom of 

the container and this should make condensation easier without any ad-

ditional energy consumption.

• Using a better conducting liquid should increase the condensation 

process.

• Bubbling air directly through liquid desiccants is also a promising op-

tion. 

8.1.2  Dark Horse Prototype – Microwave Heating

Questions Addressed 

Having reached a point where the team had a direction to proceed in, the 

team decided to explore a completely different tangent to see if there 

was any other direction that could be used to achieve the design goals.  

The main question addressed in this prototype was whether it was pos-

sible to use the concept of microwave heating to make a stratified layer 

of moisture laden air that could then be used to extract water.

Concept – The Key Idea

The main concept was derived from the heating concept of a microwave. 

Microwave technology uses electromagnetic waves that pass through the 

material, causing only the water molecules to oscillate (via resonance) 

and generate heat. This heating is carried out from within the material, 

unlike conventional heating where only the surface is heated, and hence 

is, in theory, more uniform throughout the whole object being heated.
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Building upon this concept, the team ran an air stream into a microwave 

oven. The idea was that the microwaves would excite the water mol-

ecules in the air, generating heat. This would raise the temperature of 

the water molecules in the air compared to the other molecules present 

in the air. This increase in the temperature would cause the water mol-

ecules to rise up within the air stream itself due to natural convection. 

Thus from the stream of air that is injected into the microwave, the out-

put would be a stratified stream of air which has a higher density of air 

molecules in the top layer. Subsequently the top layer of this stream can 

be separated out, and used to generate water (see figure 44). 

Prototype Details

The team conducted a number of different tests to explore the efficacy 

and applicability of microwaves to humidity stratification. In short, two 

different cases were tested:

• Static Air Case - In this case, there was no external air flow inside the 

chamber. The air inside the chamber was allowed to stratify due to mi-

crowave heating.

• Moving Air Case - In this case, a fan was used to blow air into the 

microwave oven. It was necessary to test this case since in the actual 

implementation of the process; one would constantly need to replenish 

the heated air inside the oven in order to get a continuous process (see 

figure 45 and 46).

Figure 44: Microwave prototype - the idea
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Results 

It was hard to get any conclusive results from the experiments. There 

were some runs in which the results conformed to the concept; however 

the advantage gained in getting a slightly denser stream of air from the 

initial input was far less than the amount of power that the microwave 

was consuming. Utilizing this much power could vaporize a significantly 

larger amount of water if the energy went directly into vaporizing the 

water. The vast amount of energy that the microwave consumed can be 

gauged from the fact that additional cooling was required to keep the 

microwave body and the magnetron from overheating (see figure 47).

Figure 45: The dark horse prototype for the moving air case. The fan was used to push the air in and 
the RH meters in the two ducts measured the RH segregation.

Figure 46: Holes drilled to the back wall for air flow and duct tapes used to close other holes inside the microwave
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Lessons Learned 

The learning from this prototype was that microwave heating cannot be 

used to economically extract water from air. The power consumed to 

raise the temperature of the water molecules is very large compared to 

the degree of RH segregation achieved. The readings from the meters 

were also not very consistently obtained, with large variations with each 

run. Thus the team decided not to continue with this idea, and to pursue 

the desiccant technology further.

8.1.3   Other Exploratory Prototypes

The results from the critical function prototypes had revealed that the 

desiccant based technology might be an ideal solution for the design 

problem at hand. There are two ways in which one can implement the 

desiccant technology – using desiccants either in the solid form or in liq-

uid form.  Besides, the team had a few innovative ideas through which 

the efficiency of the Vapour compression cycle could be improved. The 

Figure 47: An extra fan used to circulate air through the magnetron and inside oven walls
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team decided to pursue each of these technologies in parallel and pur-

sued a number of exploratory prototypes throughout the winter quarter. 

These prototypes helped the team comparatively analyze the merits of 

each technology and the team finally converged on the liquid desiccant 

technology by the end of the winter quarter.

 Exploratory Prototype I: Pre-cooled VCC

Questions Addressed 

The main question addressed in this prototype concerned the possibility 

to improve the efficiency of the VCC by using a pre-cooling system. This 

prototype intended to prove the practical feasibility of using the cold air 

stream exiting the evaporator to pre-cool the ambient air stream enter-

ing the evaporator, thus creating a cooling effect.

Concept – The Key Idea

Most of the conventional AWGs use a VCC. In the conventional AWG 

set up, the cold air stream coming out of the evaporator is directly ex-

hausted to the atmosphere (through the condenser). However, in this 

prototype the concept was to use this cold air stream to pre-cool the in-

coming evaporator stream. Thus, the incoming stream would already be 

colder than the ambient by the time it would reach the evaporator coils. 

This would decrease the amount of cooling required at the evaporator 

for water generation and improve the efficiency of the cycle (see figure 

48 and 49).

Figure 48: Mock-up of the pre-cooled VCC prototype
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Lessons Learned

The prototype managed to lower the temperature of the processed air 

entering the evaporator from 8.4˚ C down to 4.9˚C. This means that 

the air was 41.6 % cooler than without the pre-cooling. This resulted in 

a lower additional energy demanded in order to cool the air down to the 

required temperature.

The key lessons learned were:

•Pre-cooling works.

• Need to minimize losses to the surrounding by:

- Using material with better insulation properties.

- Using a small contact area with the surroundings.

• Need to minimize flow losses.

• Need to use a fan with the right qualities; built for this kind of duct, 

with high friction.
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heat exchanger (HEX)



Global Product Development of an Atmospheric Water Generator

2008 © Immerse Global, Inc

• Extra product cost because of heat exchanger, duct and fan.

• Due to the heat exchanger and extra ducting necessary, the product will 

be bigger and heavier. However, there are rooms for improvements.

With the addition of pre-cooling to the VCC the cost for the product will 

increase, the duct, cross flow heat exchanger and extra fan/more pow-

erful fan are the extra components needed. These disadvantages can, 

however, be offset by the increased efficiency.

Exploratory Prototype II: DW - VCC

One idea that the team actively pursued during the winter quarter was 

the use of solid desiccants in the form of a rotating DW. The idea behind 

this prototype was to couple the desiccants with the conventional VCC 

in order to harness the advantages of both the processes. The objec-

tive was to use desiccants in an ingenious way to increase the amount 

of moisture in the air stream that was afterwards passed through the 

evaporator coils of VCC to extract water.

Questions Addressed

• Is it practically feasible to couple DWs with the VCC?

• How much water can be extracted? 

• What is the energy consumption per litre of water produced?

• Does this process give better results than the conventional VCC?

• What are the important parameters of the system?

• What are its benefits/drawbacks?

Concept – The Key Idea

DWs are typically employed in industrial desiccant based dehumidifica-

tion systems. These are rotating wheels that are impregnated with solid 

desiccant particles (example silica gel or molecular sieve). As the wheel 



��

®

rotates, the desiccant passes alternately through the incoming process 

air where the atmospheric moisture is absorbed by the desiccant and 

through a regenerating zone where the desiccant is dried and the mois-

ture expelled.  The wheel continues to rotate and the adsorbent process 

keeps being repeated (see figure 50 and 51). 

 

Typically, regeneration is performed by passing another stream of hot 

regenerative air that picks up moisture from the wheel due to its high 

temperature (and hence, enhanced water capacity). The regenerative 

air is heated using heaters. Under normal operation, about three-fourths 

of the DW is exposed to the incoming process air and the remaining 

one-fourth to the regenerative air. A desiccant based system is able 

to extract water from air even at very low RH. The VCC, on the other 

hand, does not perform well in dry conditions but becomes economical 

and more efficient in humid conditions. It is also a well-characterized 

and researched process and hence, is easier to implement. The team 

decided to design a system that harnessed the advantages of both these 

systems and came up with several alternative designs to couple the two 

effectively. For schematic and picture of the final design that was imple-

mented (see figure 52).

Figure 50: A commercial DW Figure 51: Schematic of the DW operation
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At any given time, the process air passed through three-fourth of the 

wheel before being exhausted back into the atmosphere. The moisture 

(from the process air) that was thus absorbed by the DW was released 

into the regenerative air that passed through the remaining one fourth 

of the wheel. This moisture transfer was accomplished due to the fact 

that though the absolute amount of moisture in the regenerative air is 

same as that in the process air, its water holding capacity was greatly 

enhanced due to its high temperature. Since the regenerative airflow is 

only one-third of the process airflow, the absolute water content in the 

regenerative air is greatly increased.

Before being passed through the wheel, regenerative air is passed 

through the condenser coils of the VCC and gets heated in the process. 

The condenser coils get cooled in the process. An extra set of electric 

heaters further increase the air temperature to desired temperature of 

120° C necessary to regenerate the DW. This high moisture content 

regenerative air is then passed through the evaporator coils. Here, the 

air gets cooled down and the condensed moisture is thus collected. The 

cold air is then passed over the top of the hot regenerative air channel 

Figure 52: Schematic of the final DW-VCC idea that the team pursued
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to pre-cool the air, thus optimizing the process (see figure 53).

Lessons Learned

Although the team was unable to test the DW-VCC system in its entirety 

due to overheating issues, the entire process was a great learning expe-

rience for the entire team. Lessons that the team learned in the process 

were:

• The entire DW-VCC system was extremely large, bulky and cumber-

some. As such, it will be hard to implement this technology in a com-

mercial portable AWG.

• The design is not very flexible in the sense one cannot tinker much 

with the position of the regenerative air ducts, wheel, compressor or 

condensers, once the refrigerant pipes have been rewelded.

• The VCC is very sensitive to its operating parameters, namely, the 

refrigerant charge, the air flow rate, air temperature and coil locations. 

Even a slight change in any of these parameters may severely hamper 

the performance.

Figure 53: The DW-VCC prototype
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• Even a slight modification in the VCC system consumes much time, 

energy and manpower. This is because the services of experienced HVAC 

professionals need to be hired every time a modification needs to be 

made. Therefore, it becomes very hard to pursue this technology given 

the time constraints of the project.

• The heating of the regenerative air requires large amounts of energy. 

The prototype used two electric heaters of 450 W each. However, they 

were barely sufficient to heat the regenerative air to the desired 120° 

C temperature. This also imposes severe restrictions on the airflow rate 

that cannot be large in the regenerative chamber. Thus, this technology 

is less energy efficient compared to the liquid desiccant based system.

 

8.1.4   Functional Prototype - LDC

Questions Addressed

• What are the important parameters in the LDC?

• How much water can be extracted per hour?

• How much energy is used per litre of extracted water?

• How much air can be processed per hour?

• What are the benefits/drawbacks with this concept?

Concept - The Key Idea

The objective of this prototype was to build a fully functional liquid des-

iccant based water generation system that does not need to be coupled 

to a VCC for efficient operation. The entire exercise involved building, 

testing and analyze several sub-prototypes. The insight gained from the 

intensive testing resulted in the development of a process schematic 

(see figure 53).
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An aqueous LCC solution was used as the desiccant. The solution was 

sprayed from top in a cylindrical absorption chamber. A fan at the top 

of the chamber sucked in air in the opposite direction of the desiccant 

flow. The absorption chamber was filled with packings to increase the 

surface area of contact between the air and the desiccant. Once the 

desiccant solution had absorbed sufficient atmospheric moisture, it was 

transferred through a valve to a heater. The absorbed moisture was 

vaporized and re-condensed to get pure distilled drinking water. The 

heated solution was then passed to the absorption chamber and the 

whole process repeated (see figure 54).
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Results

The functional system prototype extracted approximately 60 grams of 

water per hour (at 38 % RH and 19 C) during the 6.5 hour test. The 

energy consumed per litre of extracted water was approximately 3.5 

kWh. Assuming an electric power cost of 16 cents per kWh, this turned 

out to be 56 cents per litre of water produced. This value was within the 

design requirement bounds. Also, there was a lot of scope for reducing 

the heat losses in the system. The heating system used in the prototype 

was not optimized. Once all these issues are dealt with and the process 

optimized, the cost/litre should further decrease. 

Lessons Learned

• The key lessons learned from the LDC prototype were:

• The LDC is capable of water generation. 

• It is not necessary to couple the LDC with other technologies such as 

VCC. An ingenious way to couple the two may, however, be devised to 

harness the advantages of both of these.

Figure 55: The final LDC prototype
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• The LDC technology is energy efficient, especially compared to DW and 

VCC at low humidity. There is a scope for further increasing the energy 

efficiency by lowering the heat losses.

• LDC offers a flexible geometry as the various components such as 

pump, air chamber or heater can be placed wherever needed. This pro-

vides flexibility in product design.

• The purity of the water produced is still a concern.

8.2   User Design

When designing the machine three different user design perspective 

were considered: human machine interaction, ergonomics and how to 

integrate user design.

8.2.1   Human Machine Interaction

The main goal with the design of the machine was to have a user friendly 

interface, reduce the time it takes to learn and increase the efficiency for 

the user. This was done by focus on three main senses, touch, sight and 

sound. To maximize the feedback to the user, the interaction between 

the human and the machine was a result from combining these three 

senses. The HMI integration into the machine is as followed:

Touch 

• Large buttons.

• Solid materials.

• Robust functions. 

• Grip material on buttons. 
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Sight

• LED´s in the tap buttons.

• The colours of the machine symbolize water.

• Thick materials that looks solid.

• Few buttons and functions.

• LED´s that colours the tap.

• Buttons located on the top maximizing eye visualization area.

• Red warning signs.

• Holes for drainage so the user knows where to place cup.  

Sound

• Buttons make a distinct clicking sound.

• Different sounds for each function.

• User should hear the drinking water dispense.

• User should hear the machine running.

• The warning signals should be distinct and lowed to alarm the user.

 8.2.2   Ergonomics

For this product the ergonomic needs were quickly dismiss as irrelevant 

and that statement was later on confirmed by using ergonomic tests, 

such as RULA. The only factor that has a higher risk is the height of the 

display. The display where place on the prototype at an optimal height 

using ergonomic charts that considers gender, height and age of the us-

ers (see figure 7).

8.2.3   Integrating User Design

When integrating the industrial design to the final prototype several as-

pects were to consider. From the needfinding it was found that the most 

important need is that the product provides quality drinking water. From 

a user perspective it is more important to provide good smelling and 

tasting water that is hygienic, rather than providing consistent water 

production in low humidity levels. This finding confirmed that the main 
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project focus, reliable water production, was the right choice. By this 

decision of project focus the product development process grow to be a 

technology-driven process, since the main benefits lays in the technol-

ogy development of the product. To confirm the importance of industrial 

design a test was performed by rating different user needs (see table 

17).

Table 17: Analysis of the importance of industrial design
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As seen in the table industrial design is important for the product. Al-

though functionality is the main priority the team decided that it would 

be beneficial to remain some focus on the industrial design. The technol-

ogy-driven product focus was clearly noticed in the design of the final 

prototype. To assure quality drinking water generation the dimensions of 

the product were based on the size of the interior parts of the machine. 

All interior parts were put into a 3D CAD-model to decide the outer di-

mensions of the product. Because of the height of the absorption cham-

ber the product reached the size were it would be more benefitting to 

have it standing on the floor rather than on a bench. Therefore the 

user interaction was built in a comfortable height for a standing user, 

considering the ergonomics and HMI aspects described in last section. 

The interior parts were fixed to a frame where all inner parts inside the 

machine were then placed for optimal function and minimal waste of 

space.

When the dimensions of the product were certain the second most im-

portant user need (from the concept classification tree) was considered. 

This user need stated that the product should own design uniqueness. 

It should have quality and be trendy to allow a new user experience. 

Concepts for the design appearance were generated considering the de-

sign aspects from the needfinding. Following thoughts were taking into 

account when forming the exterior design of the product:

The materials should be simple and of good quality. They could be trans-

parent or opaque to make effects. Metal, glass and shiny plastic are pre-

ferred for their luxurious appearance.  The colours should be few, appear 

healthy and match the colours of the immerse logo. The natural colour 

choice was therefore green or blue alternatively a combination of these 

two colours. The shape should be of few and consist of simple geomet-

rics coherent with few joints. Because of this concepts were made with 

intention to integrate the user interface in the shape of the product.
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When all design appearance aspects were done concepts were formed 

for the third most important user need – user friendliness. While form-

ing these concepts following thoughts from the needfinding were taking 

into account:

• Portability - To allow transportation and flexibility it important that the 

product is portable. The most practical way to do this was to put wheels 

on the frame.

• Good feedback - The user interaction should have good HMI combining 

feedback to different senses (see section 8.2.1). 

• Noise reduction - The sound of the product should be calm and quiet. 

This is made by keeping the sound level of the machine parts as low as 

possible. Material choice and placement of the part is also of importance. 

This led to the idea of having the water tank placed on top of the ma-

chine. This allowed water to flow soundless to the user for a comfortable 

water experience.

• Few functions - The product should only have a few functions for non-

complexity. 

• Placement - The air inlets and outlet of the machine were placed con-

sidering that the product should be able to stand against a wall. This led 

to the idea of having the inlets and outlets placed on both sides of the 

machine.  

  

8.0   Concept Generation
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9.0   Evaluation and Concept Selection

Based on the results of the three major technologies that the team pur-

sued throughout the winter quarter, the team went through a process 

of thorough analysis and brainstorming to decide on its future course of 

action. The concept selection was made by a Pugh matrix (see appendix 

16) where one can make a decision by establishing a set of weighted cri-

teria based on which the potential options can be scored and summed to 

gain a total score which can then be ranked (Fogler & LeBlanc, 2007). 

The LDC was chosen as the direction that should be pursued for the final 

prototype. The technique makes it possible to minimize the energy con-

sumption and maximize extraction of water, especially in low RH levels 

in the air.
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10.0   Final Concept Development

10.1   Overview

Based on the positive results of the functional system prototype, the 

team decided to implement the LDC in the final prototype. The function-

al system prototype of the fall quarter had served as a proof of concept 

for the liquid desiccant technology. However, there were still several is-

sues that had not been dealt with in the prototype. 

Firstly, the winter quarter prototype was a scaled-down version. It was 

capable of producing only around 1.5 litres of water (at 38 % RH and 

19 C) per day. This was one-tenth the design requirement. Secondly, 

it was designed as an experimental set-up instead of a product that 

could be used by a consumer. Important issues such as portability, ther-

mal insulation, filtration and durability had not been considered. There-

fore, one of the objectives of the spring quarter was to build upon the 

knowledge gained by the functional system prototype and construct an 

improved, working, final prototype that is able to achieve most of the 

design requirements within the given time constraints. The Mìmir proto-

type was designed not only as an enhanced proof of concept for the liq-

uid desiccant technology but also to show how this technology could be 

integrated in an appliance for an American home. In order to integrate 

the technology much of the focus was set on the size of the prototype 

and the requirements given by the liaisons. The team also implemented 

new requirements from their own knowledge about the product so that 

the technology could be realized in the best possible way.  The price per 

litre of water produced was one such requirement that the team discov-

ered during the course of the project.

The main focus of the design process was to achieve a working im-

plementation of the technology. The idea was to first get the machine 

10.0 Final Concept Development
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running and look at the ancillary features afterwards. These ancillary 

features included the exterior look, filtration system, dispenser mecha-

nism and the display. The next few sections deal with the details of the 

design process, the concepts and the thought process that went into the 

development of each component.

10.2   The Mímir Process

The process of water extraction in this prototype is simple and an im-

proved version of the desiccant cycle employed in the earlier prototype 

(see figure 55). 

Figure 56: Schematic for the LDC. To the left are the Condenser and the heater. To the right is the absorption chamber.
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The water absorption takes place in the absorption chamber. The con-

centrated liquid desiccant solution is poured into the chamber through a 

nozzle at the top. The fan at the chamber top draws in air through ducts 

at the bottom and the passing air is dehumidified as it comes in contact 

with the desiccant spray. The chamber is filled with tower packings that 

increase the surface area of contact between the liquid and air, thus 

enhancing the absorption process. A mist eliminator at the top traps 

any LiCl particles carried away by the air stream. The diluted desiccant 

solution is then pumped to the heater through a heat exchanger where 

the excess moisture is vaporized. The steam thus generated is re-con-

densed in a condenser to get pure distilled water. Excess heat energy of 

the solution left in the heater is utilized in preheating the incoming di-

lute solution. This is achieved by a heat exchanger. Apart from reducing 

the energy requirement of the system, it also reduces the temperature 

of the solution inside the absorption chamber. Since, the absorption ef-

ficiency of the desiccant decreases with temperature, this increases the 

overall efficiency of the system.

10.3   Absorption Chamber 

There are several factors that strongly affect the performance of an 

AWG. One of the main factors that must be adjusted in order to attain 

maximum water absorption is the amount of ambient air that comes in 

contact with the desiccant solution. In the final prototype, this process 

happens in the absorption chamber. There are several key issues that 

need to be accounted for in order to utilize the chamber in the most ef-

fective way. 

The first task was to design the airflow through the chamber in such a 

way that allows maximum contact between the desiccant solution and 

the humid air stream. For this purpose a pulling fan and a nozzle was 

used. The radial fan sucks the airstream through the chamber while the 
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nozzle sprays a fine flow of LiCl in the opposite direction of the airstream.  

This technique is called counter-flow which indicates that the airflow is 

in opposite direction to the liquid solution. The two most effective ways 

of exposing the desiccant to the moist airstream is through counter and 

cross airflow (Westerlund, 1995). These two techniques were found to 

be approximately equally effective but some inherent design constraints 

favoured the application of counter flow design. One of the constraints 

imposed by the corporate liaison was that the final product should be no 

wider than 500 mm. However, theoretical calculations and simulations 

showed that an optimum cross flow design required an absorption cham-

ber wider than 500 mm. On the other hand, it was possible to design a 

cross flow chamber while remaining within the set design constraints. 

The counter flow chamber is easier to implement in a tall structure but 

has a weakness since the air needs to be redirected in the inlet.

The design of the chamber has a big affect on the absorption process 

in many ways. One central requirement is to have a uniform velocity 

profile inside the chamber. Unwanted flow asymmetries may result in 

air stagnation in certain parts of the chamber, thus decreasing its active 

area. The main objective is to ensure that maximum volume of air is 

processed while keeping the velocity of the air stream lower than 2 m/s. 

At higher flow rate, there is a risk that substantial amount of LiCl may 

get trapped in the air stream and escape from the chamber (Westerlund, 

1995). 

Another very effective way to ensure maximum contact surface between 

the humid airstream and desiccant solution is to physically add to the 

inner surface area of the chamber. This is done through the use of tower 

packings. These are small hollow plastic bodies that are designed to 

have a maximum area without increasing the pressure drop too much. 

These tower packings are used to fill the inside of the chamber for two 

main reasons. Firstly, these delay the run-off time, that is, the time 

it takes for a desiccant particle to traverse through the chamber. This 
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increases the amount of time the desiccant stays in contact with the 

air. Secondly, the desiccant solution gets distributed onto these pack-

ings and this increases the area of the wet surface in contact with the 

airstream. Through experiments conducted with the functional system 

prototype, it was found that a packed bed of tower packings must be 

300 mm of depth in order to absorb about 70 % of the possible amount 

of water from the ambient air (Westerlund, 1995).

The geometry should also facilitate the installation of other complemen-

tary parts such as pumps and tubings. A geometry that minimizes the 

risk of the desiccant liquid splashing or running out of the chamber is 

also of importance. Early design of a cross flow packed bed absorber 

with two chambers is shown in Figure 56. Air inlets are located to the 

right and a combined outlet with a radial fan to the left. The tower 

packings are showed in grey in the upper chamber. The flow simulation 

was performed in UGS NX5 with tower packings and filters modelled 

as a porous material. Data for tower packings are gathered from www.

rauschert-vt.de.

Figure 57: Cross flow chamber design with two chambers

http://www.rauschert-vt.de
http://www.rauschert-vt.de
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Several air flow simulations of different designs were made to evaluate 

their efficiency (see figure 57 to 61).

Figure 58: Graph of simulation with less suiting geometry. Air inlet located at down to the left and outlet at the top. 
Green colour shows the wanted flow rate.

Figure 59: An earlier counter flow design with only one air intake
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Figure 59: An earlier counter flow design with only one air intake

Figure 60: Air flow simulation in a counter-flow packed bed absorber with less suiting geometry of the previous 
figure. Air inlet is located down to the right and outlet in the top.
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In order to pull the moist air stream 

through the absorption chamber, a radial 

fan was used.  The fan used in the pro-

totype needed to meet a number of con-

straints. The first of these was to achieve 

an appropriate flow rate. A too low flow 

rate would have resulted in a system un-

able to achieve the needed performance 

while too high flow results in an air veloc-

ity higher than two m/s. Other than the 

flow rate, the fan must be able to han-

dle a pressure drop of approximately 500 

Pa. This is to overcome the pressure drop 

due the geometrical obstructions restrain-

ing the airflow. These obstacles can be categorized into two categories: 

geometrical losses deriving from the design of the chamber, and losses 

related to dense bodies covering the geometry over which the air is flow-

ing. Filters and mist eliminators can be included in the latter category. 

The tower packings also add to a significant pressure drop. Information 

from suppliers of tower packings showed that they resulted in a pres-

sure drop of 400 Pa per meter of depth. To help choosing the right tower 

packing dimension Rauchert’s software Rapsody was of help.

The fan needed to be light and small in order to fulfil the constraints 

related to the size of the machine. A heavy fan could cause problems 

and pose challenges in its mounting. Even though the fan was supposed 

to be mounted directly on to the chamber, it could not be exposed to 

a great amount of stress. The fan also needed to withstand a pressure 

drop of about 300-500 Pa. Apart from the absorption chamber, fan and 

tower packings, the nozzle is another important component in the water 

absorption. The nozzles should spread the water and liquid desiccant 

solution equally over the total cross section of the chamber. The type 

and placement of the nozzle is crucial in order to achieve this (see figure 

62).

Figure 62: Two early designed nozzles for a 
cross-flow chamber.
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The most suited nozzle type to cover a surface without affecting the air-

flow too much is a full cone spray nozzle. The cross section of the liquid 

stream coming out of this nozzle is circular. In order to get the best dis-

semination of the solution, the nozzle needs to be placed at a suitable 

height over the tower packings. If the distance is too short, the solution 

does not get the chance to fully spread. On the other hand, a too large 

distance results in the solution hitting the walls of the chamber and run-

ning along the sides and not through the tower packings as desired. 

The size of the droplets produced and distributed by the nozzle is 

also of great importance. If the size of the droplets is too small, 

these can easily be sucked through the system by the fan while a 

droplet size exceeding the optimal one results in less efficient ab-

sorption (see figure 63). 

10.4   Heat Exchanger

The extraction process was planned to be running continuously through 

the heater and heat exchanger to better keep the concentration level in 

a steady state but also so that a heat exchanger could be used. In the 

process a counter flow heat exchanger is used (see figure 64).

To increase the efficiency of the process a heat exchanger is used in the 

prototype. The function of the heat exchanger is to pre-heat the LiCl 

solution that is pumped into the exchanger and, equally importantly, to 

lower the temperature of the LiCl solution that exits the heater chamber 

and goes to the absorption chamber. There exist heat exchangers that 

can reach an efficiency of as high as 98 %. This means that the tem-

perature of the solution going in to the heater just have to be heated by 

a couple of degrees Celsius before it starts to boil and the most of the 

Figure 63: A swirl nozzle characterized 
by small droplet size.
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energy applied would be just the heat of vaporization. The specific char-

acteristics of the heat exchanger that was needed in the final prototype 

made the team design their own heat exchanger, but due to lack of time 

and knowledge that idea was abandoned.  The heat exchanger must 

manage to transfer heat energy up to two to four kPa (calculated value) 

in a relative small flow rate 0.5 to 1.5 l/min (calculated value). The cold 

temperature is at room temperature going into the heat exchanger and 

the hot temperature from the heater is at the solutions boiling point 

around 130 to 145˚ C. Using a cross flow heat exchanger with the right 

characteristics makes it possible to run the system in a continuous proc-

ess with relative low energy loss. 

Figure 64: Prototype tube-in-tube heat exchanger. Inlet and outlet can be seen in the foreground.
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10.5   Water Pumps and Piping

Several liquid pumps are used in the machine to allow liquid transporta-

tion. To know what kind of pump best suites the purpose, see table 18.

Table 18: Different pumps (www.mcmaster.com, 2007)

http://www.mcmaster.com
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Diaphragm pumps, gear pumps piston pumps, rotary vane pumps, flex-

ible impeller pumps, and peristaltic pumps are all positive displacement 

pumps. This means that they draw fluid on one stroke and discharge is 

on the next. This makes it suitable in high- or varying pressure applica-

tions or for pumping high-viscosity fluids since they are able to hold a 

constant flow rate better. These pumps are also self-priming creating 

enough vacuum to draw fluid by them self. The other pump type, known 

as centrifugal pumps, is appropriate for pump systems with high flow rate 

and low pressure and viscosity.  They are not self-priming and therefore 

they require a gravity-feed setup (www.mcmaster.com, 2007).

The Nozzle Pump

The nozzle pump pumps the liquid desiccant from the bottom of the 

chamber to the top. The nozzle pump should have a liquid flow of ten to 

15 l/min to optimize the absorption in the chamber (Lars Westerlund, 

1995). The pressure rate needed for the main pump to be able to pump 

the liquid one meter in height was calculated to 1.14 bar (see appendix 

17).

Plastic pumps are preferred because they are resistant to the corrosive 

LiCl solution. Since the main pump only should handle the cold liquid 

the required temperature range should be between zero and 60° C at 

least. 

Pumps to Heater

The pumps to heater are used to pump the liquid desiccant solution 

through the heat exchanger into the heater and back to the solution 

tank. As for the nozzle pump, plastic pumps are preferred. Since these 

pumps are carefully placed on the cold liquid side they need to manage 

a temperature range between zero and 60° C. To allow this placement 

the pumps must be self-priming. To be able to extract about 20 litres of 

water the flow rate should be set to about 0.7 l/min. 

http://www.mcmaster.com
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The Fresh Water Pump

The fresh water pump is used to transport the distilled water through 

the filter system to the drinking water tank. Since this water pump only 

transfer water a wider range of material could be used. It has the same 

temperature range as previous pumps.

10.5.1   Piping

Because of the highly corrosive LiCl the choice of material in the piping 

and fittings are of great importance. The parts that is most exposed to 

corrosion is the ones that is integrated in the hot cycle of the process. 

These pipes and fittings therefore need to be of extra sustainable non 

corrosive material. The couplings in the machine also have to be easy to 

mount, easy replaced for maintenance and leak proof. 

A material that cannot corrode is plastic, but the problem is that most 

plastics dissolve in LiCl solutions of high concentration and temperature. 

Plastic tubing that is easy to come by and can resist high temperature 

LiCl solutions is Teflon and silicon. Teflon tubing can resist temperatures 

up to 260° C, but are fairly expensive, so a better choice of material in 

the hot cycle, were the corrosion is highest, is silicon tubing. They are 

inexpensive, elastic and can resist temperatures up to 140° C (www.

envisupply.com, 2008), thus sufficient for the purpose. 

10.6   Heater and Distillation
 

In the reactivation process the absorbed water is extracted by heating 

the desiccant solution. The distilling process separates the water from 

the liquid desiccant simply by breaking the ion bonds. In order to do so, 

the solution has to be heated to a certain temperature, referred to as the 

reactivation temperature, which is highly dependent on the concentra-

10.0 Final Concept Development
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tion of the liquid desiccant. A LiCl solution with a concentration of 43 % 

mass fraction, requires a temperature of about 140°C to boil, releasing 

the vapour enabling the extraction of water. When testing the machine, 

a concentration of 35 % was used which has lower reactivation tempera-

ture about 120°C. A lower concentration is not as effective concerning 

the absorption capacity compared to higher concentrations. A lower con-

centration was used due to operational difficulties in dealing with higher 

temperatures in the heater. Also the pressure sensor used in the heater 

had an operating temperature range up to only 125°C.

The heater was designed to function both in a continuous- and in a 

batch-process to later test the benefits and the drawbacks. To ensure 

that enough water was extracted the heater chamber volume was de-

sign more than enough and the number of mounting hole. 

The condenser was designed without using an active energy to cool the 

water vapour except the air from the axial fan. The cooling effect had to 

be efficient enough in order to prevent steam losses to the surroundings. 

The aim was, therefore, to gradually decrease the vapour temperature 

until it reaches room temperature. No suitable condenser was found on 

the market that corresponded to the requirements set up for the proto-

type concerning dimensions and efficiency. Also, due to time restrictions 

a custom made condenser could not be ordered. Hence, a condenser 

based on brazed copper pipes was constructed. The reason for choosing 

copper pipes was due to its excellent ability to conduct heat.

10.7   Filter and Demister

There are four major areas that need filtration. These areas are very 

important because of need to filter dangerous particles and organic con-

taminants but also because of the big impact a possible wrong solution 

could affect both performance and the safety of the product.
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The Four areas are :

1.  Inlet air.

2.  Outlet air.

3.  Purifying and filtering collected water.

4.  Keeping the water clean and healthy in the water storage tank.

10.7.1   Inlet Air Filters

There are a lot of different technologies that can be implemented to 

reduce small particles and other contaminants. It is possible to use one 

technology or use several in tandem to create a 100 % safe technology 

(see appendix 19 for technologies).  This however would decrease the 

air flow significantly and reduce the performance of the prototype. A 

simple pre-filter can be used that will remove bigger particles without 

decreasing the airflow (see figure 65).

10.0 Final Concept Development

Figure 65: Inlet air pre-filters
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10.7.2   Outlet Air Filter and Demister

As for the outlet air filter, a filter is needed to stop the liquid desiccant 

solution from leaving the chamber. To solve this problem a demister 

such as Drop Stop from Munters is a possible filter. The drop stop filter 

will collect the small particles and return them to the camber. As for the 

prototype where the performance of the machine is important a simpler 

solution was used. A top layer of tower packing was placed just under 

the fan and this extra layer will collect the small particles and return 

them to the bottom of the chamber.    

10.7.3   Purifying and filtering collected water.

Because the prototype uses a true distillation process no salt will be 

transferred to the drinking water. The only particles that can be trans-

ferred is VOC´s. VOC stands for volatile organic contaminants and are in 

indoor air to be 2 to 5 times greater than in outdoor air. During certain 

activities indoor levels of VOCs may reach 1,000 times that of the out-

side air. To protect against these organic compounds, an active carbon 

filter can be used (see figure 66 below). 

Figure 66: Active carbon filter
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10.7.4   Keeping the water clean and healthy 

To prevent bacteria and virus growth within the water tank and keeping 

the water fresh, an Ultraviolet (UV) filter was placed in the water tank. 

UV light is electromagnetic radiation with a wavelength shorter than that 

of visible light, but longer than soft X-rays. The prototype uses the same 

UV-filter that is present in the first Immerse Global AWG (see figure 67 

below).

10.8   Front and Side Panels

Different users may want a different look and feel of the product. Also, 

different aspects of the design may fascinate different users. Hence, 

customization of the device may add to the desirability of the product. 

During the needfinding five key elements for achieving a unique design 

that attracts a broad spectrum of users was found. The design of the 

machine needed to express:

• Quality

• Branding

• Modern/trendy

• Safety

• Uniform

Figure 67: UV-filter
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Many different design concepts were developed and evaluated (see fig-

ure 68). The form and shape that best meet the design specifications 

and expressed the key elements that added desirability of the machine 

was the concept with the blue curved front.

The design development continued with three new concepts, based on 

the curved front, which was then evaluated (see figure 66).

Figure 68: Some exterior designs

Figure 69: Exterior designs
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10.9   Dispenser 

One of the most important factors for the user experience is the dis-

penser on the machine. One has to understand the user needs and then 

designing to meet and exceed them. The main goal when designing the 

dispenser was to have a good looking design and a user friendly inter-

face. The dispenser also needed to blend with the exterior. During the 

need finding five key elements for achieving a user friendly interface and 

design uniqueness were:

• Elucidate functions 

• Minimize sharp parts 

• Minimize extruding parts

• Express simplicity 

• Be intuitive

  

The first three elements were achieved by simply hide the dispenser 

inside the machine when not in use. To express simplicity and be intui-

tive the dispenser needed to be easy to use. To achieve this only two 

buttons were mounted, one for hot water and one for cold water, both 

in eye sight and in arm length. Four dispenser concepts were developed 

and evaluated (see figure 65).   

Figure 70: Dispenser concepts
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10.10   Display

The display needs to indicate three main things: RH level, room tem-

perature and drinking water level. Other things that the display also can 

show are for example time, filter life and hot/cold water temperature. 

The display needs to be user friendly and simple without diminishing 

the usefulness. It needs to have a god HMI, increase user productivity 

and satisfaction, to make the user interaction as simple and efficiency 

as possible. To achieve a simple design the car interface was used for 

inspiration. It’s easy to understand and people are familiar to it. Three 

display concepts were developed for future use (see figure 71).

10.11   Frame

Due to the need for a very modular frame that can easily be changed to 

house new or edited components, the frame consists of extruded aluminium 

profiles with lengthways slots. The makes the frame very versatile in terms 

of being able to quickly change the desired size. The frame has the dimen-

sions 1400 x 500 x 400 mm. The frame and exterior parts consist of a frame, 

wheels, front panel and side panels (see Appendix 18: Part Specification).

Figure 71: Dispenser concepts
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10.12   Control system

The Mímir AWG requires a laptop to control the functioning of the de-

vice. The laptop-machine interface is achieved using LabJack U12, a 

USB-based multifunction data acquisition and control device. LabJack 

U12 receives the required information from the temperature and level 

sensors and communicates with the electrical devices (pumps, fan, LEDs 

and valves) through the ON/OFF relays. The logic is programmed into 

LabJack using the software LabVIEW. LabVIEW and LabJack were used 

because it was easy to use in the development process but also because 

it could be use with an ordinary laptop. 
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11.0   Final Concept

In the following chapter the final prototype, Mìmir, and its different 

parts will be presented. For specification of each part, see appendix 18.

11.1   Overview

Various internal parts that have been implemented in Mìmir (see figure 

72 and figure 73. A detailed description of the each part of the process 

and its implementation is given next.

Figure 72: The parts visible from the right side of Mímir
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Figure 73: The parts visible from the left side of Mímir
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11.1.1   The Absorption Cycle

The ambient air first goes through two air filters on each side of the 

machine entering the absorption chamber (see figure 74 and figure 75). 

These filters stop dust and other particles from mixing with the desiccant 

solution and thus prevent clogging of important parts in the process. The 

air is pulled through the absorption chamber by a radial fan located on 

the top of the chamber.

Figure 74: Air enters the absorption chamber trough the air filter (right side view)
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Inside the chamber a bed of tower packings, 400 mm of depth, increas-

es the wet surface area to ensure good absorption of water vapour from 

the ambient air.  A nozzle located 100 mm above the top of the tower 

packings sprays concentrated LiCl solution in opposite direction to the 

airflow onto the tower packings.

11.0 Final Concept

Figure 75: Air enters the absorption chamber trough the air filter (back side view)
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The air goes through a layer of mist eliminators positioned above the 

nozzle in order to minimize the dissipation of solution particles that 

may get entrapped in the air stream (see figure 76 ).

The LiCl solution dripping down from the tower packings is collected in 

a storage tank under the absorption chamber. A pump circulates the 

solution from the storage tank to the chamber in a continuous process 

so that absorption of water is always running whenever the machine is 

on (see figure 77).

Figure 76: The mist eliminator

Figure 77: The storage tank and chamber pump circulating the solution
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11.1.2   The Extraction Cycle

In a parallel process, the water is extracted from the LiCl solution al-

most as soon as it is being absorbed in the chamber. It is important that 

the extraction process runs parallel to the absorption process in order 

to make the whole process as efficient as possible. This is because the 

desiccant’s absorption capacity decreases with its dilution. Hence, if the 

water extraction is unable to keep pace with the absorption process, this 

leads to desiccant dilution and consequent reduction in water absorption 

capacity.

In the extraction process, a heater heats the solution to its boiling point 

so that water leaves the solution in form of vapour. A heat exchanger 

ensures that the energy contributed by the heat coils in the heater is 

minimized as the solution entering the heater is already pre-heated by 

the desiccant solution leaving the heater. This not only heats the cold 

solution entering the heater but also cools the solution going into the 

absorption chamber (see figure 78). To ensure that the concentration is 

correct, a thermo sensor measures the boiling point temperature in the 

heater. This measurement controls how much energy is to be contrib-

uted by the heater coils. To avoid flooding and dry running in the heater 

a pressure sensor measures the solution level in the heater. To keep 

the process as efficient as possible, the process has a continuous flow 

through the heat exchanger. 

Figure 78: The condensing system
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The hot steam inside the heater rises up through a distillation colon of 

about 100 mm in the condenser. The height of the distillation colon en-

sures that no desiccant particles reach the final distilled water. The con-

denser cools down the vapour to fluid form and the liquid water is then 

collected in a distilled water tank (see figure 79). A water trap ensures 

that the water vapour goes through the whole length of the condenser. 

To increase the cooling effect of the condenser the outlet air from the 

chamber fan is diverted through the condensers cooling fins, thus allow-

ing forced convection to occur.

Inside the distilled water tank, the water is allowed to stay until its tem-

perature is lowered to room temperature. Two level sensors are used to 

determine when the tank is full or empty. When the distilled water tank 

is full the condensed water is pumped through a carbon filter to a fresh 

water tank, located at the top of the machine. The fresh water tank is 

the last storage tank before the water dispenser and to ensure that the 

water inside is pure and clean at all times, even after a prolonged pe-

Figure 79: The condensing system
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riod of storage, an UV-lamp is used to kill bacteria and algae (see figure 

80).  A level sensor inside the fresh water tank determines when the 

tank is full to avoid flooding. The following sections of this chapter deal 

with each part in the prototype and how they work more specific.

Figure 80: The dispenser system
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11.2   Absorption Chamber

In the final prototype (see figure 81), a cross-flow packed bed absorber 

chamber was designed with a cross-section of about 0.057 m2. The total 

amount of air passing through the chamber is almost 10,000 m3 per 24 

hours with an air velocity of about two m/s. The cross-section is slightly 

square shaped despite the fact that a round geometry might have been 

much better for the air stream. This was done since a square shape was 

easier to implement in this type of product when there was a lack of 

available space inside the machine due to the size constraints. 

Figure 81: Picture showing the final design of the chamber with radial fan, nozzle and tower packings.



130

® 11.0 Final Concept

The packed bed consisted of Hiflow plastic tower packings with a depth 

that was set to 400 mm. However, the effective length in this design was 

lesser due to the design of the air inlets. The total effective depth of the 

tower packings, according to simulations, was estimated to be at least 

300 mm, as was required for an absorption efficiency of approximately 

70 % (see section 10.3). 

The flow rate of the solution was set to approximately 10 l/min. This val-

ue was taken as a default value from the literature (Westerlund, 1995)

Considering the constraints related to the flow rate, pressure drop, size 

and weight of the machine, radial fans were found to be the most suited 

category of fans. This was mostly due to the fact that conventional axial 

fans rarely handle pressure drops greater than 300 Pa. The calculated 

pressure drop was approximately 400 Pa for the chamber including filter 

etcetera. Important factors when choosing fan, was energy consump-

tion, sound level, sufficient pressure force and size. The radial fan cho-

sen had all the requirements but was a bit larger than necessary for 

safety reason.

The nozzle that was used was a whirl nozzle whit medium droplet size 

with a spray cone angle of 120˚. The necessary distance between the 

tower packings and nozzle is about 100 mm for this type (see figure 

82).

Figure 82: The whirl nozzle that was finally used in the prototype, characterized by 
medium droplet size.



Global Product Development of an Atmospheric Water Generator

2008 © Immerse Global, Inc

11.3   Heat Exchanger and Extraction System

The heat exchanger used in the prototype was a plate heat exchanger 

working with the counter flow principle (see  figure 83). The driving fac-

tor behind the heat exchanger choice was its low cost and quick avail-

ability.

The energy efficiency of the product highly depends on the heat ex-

changer. Since the heat exchanger is most efficient in a specific flow 

rate, this sets the value for the flow rate to and from the heater. In the 

final prototype, a flow rate of about 0.7 l/min was used but since the 

particular heat exchanger used was not developed for such a flow rate, 

the efficiency was to low and a lot of energy was lost in the process. 

There is ample scope to improve the heat exchanger performance fur-

ther and achieve increased overall efficiency. One of the more efficient 

heat exchangers is described in detailed (see appendix 18). The heat 

exchanger was, however, very expensive and difficult to procure at a 

Figure 83: Exploded view of a plate heat exchanger
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short notice. A very positive quality with the plate heat exchanger is that 

it is compact. This makes it easy to place the exchanger and still leave 

space for other components inside the product. However, one drawback 

of a plate heat exchanger is that it can have a major pressure drop, but 

with the low flow rate in the prototype, this was not estimated to be a 

major concern.

The heater chamber was manufactured from sheet metal and welded 

(see figure 81). On each side holes was mounted in order to attach a 

sight glass, temperature sensors, inlet/outlet for the desiccant solution 

as well as an outlet to direct the vapour into the condenser. For specifi-

cations, see appendix 18. The material used for the heater was stainless 

steel 316 which is LiCl resistant to some extent. In future prototypes, 

however, a more suitable material would probably have to be used that 

has a better ability to withstand the presence of corrosive substances. 

An immersion heater was attached inside the heater chamber and had 

a power consumption of 2000 W, which is very high compared to the 

actual required energy value. A highly rated immersion heater was used 

to ensure that the device is able to function even with high heat losses 

and without a heat exchanger. In order to control the process, the heater 

was turned on and off when the temperature reached the required reac-

tivation threshold.

Figure 84: The final heater chamber
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The final condenser system was manufactured from copper pipes and 

aluminium flanges. The flanges were attached to the pipe construction 

using heat transfer paste and metal straps to keep them in place (see 

figure 85). By using flanges, the surface area for emitting heat energy 

to the environment increases considerably, making the cooling process 

more efficient. The air outlet of the fan was diverted through the outside 

of the condenser to cool it effectively through forced convection.

The designed construction basically makes the vapour to flow through 

the condenser, thus condensing it inside the pipes. By using a gas trap 

the vapour is forced through the whole pipe construction while still ena-

bling the water to flow off from more than one place without using sev-

eral water storage tanks. When the air had been cooled to room tem-

perature, it was let out to the surroundings.

Gas trap

Water storage tank

Heater

Flanges

Figure 85: Schematic of the final condenser system
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11.4   Liquid Pumps and Piping 

11.4.1  Liquid Pumps

Four pumps are used in the machine for liquid circulation. The nozzle 

pump circulates the desiccant solution from the solution tank under the 

chamber to the nozzle.  A centrifugal pump is used as nozzle pump and 

must therefore be placed below the solution tank (see figure 86). The 

maximum flow rate is about 18 l/min which fulfil the requirement of ten 

to 15 l/min. 

There are also two pumps to heater - one of these pumps transports 

the liquid solution into the heater and the other pumps it back, from the 

heater, into the desiccant solution tank (see figure 87). A self-priming 

water pump is used for this application with a flow rate of maximum 7.6 

l/min.

Figure 86: Nozzle pump

Figure 87: Pump to heater
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The fresh water pump is used to pump the distilled water from the con-

densed water tank through the filter and in to the water tank (see figure 

88). A diaphragm Boost Pump is used as fresh water pump with a flow 

rate of 7.6 l/min.

11.4.2   Piping

Because of the highly corrosive LiCl the choice of material in the piping 

and fittings became plastic. The plastic tubing that was used in the hot 

cycle of the process was silicon. It is easy to come by, inexpensive, elas-

tic and can resist temperatures up to 140° C. The choice of couplings in 

the hot cycle was plastic chamfered couplings (see figure 89).

Figure 88: Fresh water pump

Figure 89: Chamfered Coupling
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The couplings that were used in the cold cycle were so called “push to 

connect” couplings (see figure 90), they need a rigid pipe to be leak 

proof. The material in these pipes was therefore polyether (HDPE).

11.5   Filters and Demister

As stated before there are four major areas that need filtration. The 

areas are inlet air filters, outlet air filters, purifying and filtering of col-

lected water and keeping the water clean and healthy in the water stor-

age tank. Following filters are used inte Mimir prototype.

Inlet Air Filters

Because this prototype is very focus on the performance, a basic inlet air 

filter was used. This filter can only filter bigger particles but have a very 

high airflow (see figure 91).

Figure 90: Push to connect couplings

Figure 91:Inlet filters
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Outlet Air Filter and Demister

The Mimir prototype uses a top layer of tower packing for a demister ef-

fect. This means that the layer catches any LiCl particles that are trying 

to follow the air stream out of the machine (see figure 92).

Purifying and Filtering Collected Water

As stated before the prototype uses a true distillation process no salt 

will be transferred to the drinking water. The only particles that can be 

transferred is VOC´s (volatile organic contaminants). To stop this threat 

the prototype uses a active carbon filter (see figure 93). 

Figure 92:Tower Packings

Figure 93:Active carbon filter
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Purifying and Filtering Collected Water

To prevent bacteria and virus growth within the water tank and keeping 

the water fresh, an Ultraviolet (UV) filter was placed in the water tank. 

The prototype reuses the old UV light from a previous Immerse machine 

(see figure 94).

11.6   Control System “LabJack”

LabJack is implemented into Mímir (see figure 95) with various ports 

controlling different devices (see Table 19.). For a complete LabJack 

wiring diagram, see figure 96. LabJack performs three broad ranges of 

functions: 

• Receives input from various sensors (temperature, pressure and 

 level sensors).

• Provides ON/OFF output to various relays that control the pumps. 

Figure 94:The spectrum of light
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• Provides plus five volt output to power the temperature sensor, 

 pressure & level sensors, the dispenser valve and buttons.

Figure 95: An actual picture of the LabJack wiring as it looks in the machine
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Table 19: Table showing the ports that control various input and output devices

Figure 96: LabJack Wiring diagram
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LabVIEW enables the machine to run in two modes:

• Manual Mode

• Automated Mode

Manual Mode

In this mode, the user can manually control the ON/OFF state of each 

electrical device. This is done by clicking on the control switch for the 

respective device (see Figure 95 and 96).  Specifically, the devices that 

can be controlled are: 

• Heater

• Fan

• Pump IN

Figure 97: The complete Block diagram of the .vi program in LabVIEW
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• Pump OUT

• Filter pump 

• Chamber pump

The Manual (or Automated) mode can be switched on by toggling the 

control switch to 0 (or 1). The manual mode enables the user to gain 

control of the machine and helps him in calibrating the temperature 

and the pressure sensors. The manual mode is also an invaluable tool 

for the service technicians and aids in testing the machine.  

Figure 98: LabVIEW running on the manual mode. The heater is currently switched on. Auto-
mated mode can be set by changing the control from 0 to 1

Figure 99: Block diagram for the manual mode as implemented in LabVIEW. This block diagram 
is activated when the control switch is set to 0.
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Automated Mode

In this mode, the machine runs automati-

cally with minimum intervention from the 

user. The heater temperature and pressure 

readings are displayed on the LabVIEW out-

put display. The on/off states of the heater 

and the pumps into and out of the heater 

are also displayed (see figure 97).This in-

formation helped the team in judging the 

functioning of the machine while it was be-

ing tested in the automated mode. For a 

complete flowchart of the functioning of the 

automated mode, see figure 100.

Figure 100: Automated mode display  

Figure 101: A flowchart showing the logic that has been implemented in LabVIEW
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11.7   Front and Side panels

The front panel in the final machine is 

made of transparent blue acrylic plastic 

with a reflective film on the back (see fig-

ure 101A/B). The front has a unique design 

that allows a new experience for the user. 

The dimension is 1460 x 510 mm and the 

thickness of the front panel is 6.35 mm 

(see appendix 20).

The side panels are made of brushed aluminum and 

has holes were the in/out air takes are placed (see 

figure 102). The side panels have the dimensions 

1454 mm x 500 mm and the panels thickness are 

two mm (see appendix 21).

Figure 101/B: Front panel

Figure 102/B: Side panel

Figure 101/A: Reflective film

Figure 102/A: Perforated holes
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11.8   Dispenser

In the final prototype the concept with the “drawers” were implemented 

in the machine (see figure 103). It has a unique design and a new 

user experience because of the elucidate functions. When the drawers 

are closed the machine express a slick design and simplicity. When the 

drawers are out it is easy to use and if there is need for a container big-

ger then a glass/cup, just close the lower drawer and one can easily fit 

a bigger container under the tap (see figure 104).

Figure 103: The final dispenser concept - the “drawers”

Figure 104: Lower drawer closed to fit a bigger glass/cup.
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A simple push is needed to slide the drawers in and out of the machine. 

One push to release to slide out mechanical and one to push the drawers 

back in (see figure 105).

The final dispenser concept has two buttons on the upper drawer, one 

red button for hot water and one blue button for cold water. Both buttons 

light up when pushed by LED’s (see figure 106).  The system also has a 

solenoid valve to provide the water to the user when these buttons are 

pushed (see figure 107).

Figure 105: Push mechanism to slide the drawers in and out

Figure 106: Water buttons with LED’s

Figure 107: Solenoid valve
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To add an extra effect to the tap a LED, light emitting diode, is used to 

colour the tap water, red for hot water and blue for cold water. The LED 

is turned on when the water is passing the negative and positive pole 

(see figure 108).

Figure 108: LED on the tap
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11.9   Requirements versus Specifications

Due to paucity of time, the team was not able to test the system as 

rigorously as it had hoped. The machine was tested for four hours at 41 

% RH and 22 C temperatures. The desiccant solution at the time of 

testing was 35 wt % (see table 20). 

Even with this ’proof of concept’ prototype, the team has been able 

to nearly achieve its three most important critical requirements: water 

production, energy efficiency and cost of the water produced (see figure 

109). The amount of water production would increase as the LiCl con-

centration is increased from 35 % to 45 %. Further testing is necessary 

to gauge the performance of the machine under different atmospheric 

conditions and prolonged operation periods. 

As a conclusion the team believes that the LDC technology has many 

advantages compared to other technologies. The main advantages is for 

example capability to work in low RH, price per litre water, sound level 

and capacity to work in many different fields on the market (home use 

or large scale industry). 

Figure 109: Three most critical requirements of the system, namely water production, energy efficiency and 
cost of the water produced, have been met. Blue column shows achieved value, red shows the theoretical 

value and the black box shows the required value.
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Table 20: Mimir’s performance comparison with the set design requirements
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12.0   Evaluation of Final Concept

The final prototype built by the team fulfils major design requirements 

and works admirably well, especially considering the time constraints 

that the project had. However, there are still many improvements that 

can be made to improve its efficiency and performance. Presently, the 

prototype is not highly optimized. Many design compromises needed to 

be made in the final stages due to paucity of time and lack of available 

components. 

12.1   Heat Exchanger

Since the LiCl solution is highly corrosive, the material used in the heat 

exchanger has to be resistant to this solution. The heat exchanger that 

was used for the prototype was copper brazed. As shown during earlier 

prototypes, this is not suitable since copper gets corroded and in turn, 

destroys the LiCl solution. However, the team had gone for the cop-

per brazed heat exchanger in this prototype due to lack of availability 

of a better alternative. A heat exchanger made of stainless steel 316L 

should work better. An even better alternative would probably be tita-

nium, plastic or some kind of ceramic. 

Another aspect that needs to be improved is the heat exchanger’s ef-

ficiency. The heat exchanger used in this prototype is designed for a 

higher flow rate than needed and, therefore, the heat transfer across 

the heat exchanger is not sufficient. The team’s research indicates that 

it is possible to have a heat exchanger with very high efficiency (around 

98 %). This would improve the energy efficiency of the whole product 

as less energy would need to be contributed by the heater. Besides, the 

temperature of the solution in the absorption chamber would also be 

lower which improves the absorption ability.
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12.2   Heater

The heat losses in the heater can be reduced. More testing needs to be 

done with several alternatives to find an optimum solution. Some pos-

sible alternatives may be:

• Manufacturing the heater container in either heat resistant plastic, 

Teflon laminated steel, ceramics or glass: The present heater is made of 

stainless steel 316. As steel is a good thermal conductor, the heat losses 

in the present design are large.

• Manufacturing the immersion heater with a ceramic or Teflon layer

• Optimizing the volume of the heater: The heater volume is presently 

larger than required. This leads to increased losses.

In the present process, the heater was turned on and off when the 

temperature reached the required threshold. A continuous heat infusion 

would probably be a better solution in order to avoid the solution to be 

too heavily boiled, thus increasing the risk of LiCl getting mixed together 

with water vapour. A continuous heating process will also make the con-

densation uniform.

12.3   Condenser

Some possible alternatives in the condenser design that may be tested 

further are:

• Increasing the heat transfer to the ambient by increasing the exposed 

surface area of the flanges.

• Controlling the vapour flow (by better control over heat rate) in order 
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to make sure that the vapour generated is always commensurate with 

the cooling capacity of the heater.

• The condensation colon needs to have sufficient height to prevent 

drops of LiCl to end up in the pure distilled water. 

12.4   Demister

The team had ordered a commercial demister but due to the delay in its 

arrival, the team used tower packings as demister. This is clearly not the 

best solution. In future, one should use better filters (see figure 105).

Figure 110: Demister process
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12.5   Air Filter

The air filters that are presently used are not adequate. They should be 

replaced by better and deeper filters. This would increase the energy 

consumption but are necessary to prevent particles in the air to end up 

in the solution.

12.6   Water Filter

The condensed water is presently passed through a single active car-

bon filter. Since the water collected is in distilled form, it lacks essential 

minerals that impart the necessary taste and nutrients to the user. Extra 

mineral filters should be used.

12.7   Refilling of Desiccant Solution and Filtering 

One improvement to the present design may be to include a storage 

tank to hold extra desiccant that may be used to change/refill the solu-

tion from time to time.

Another improvement may be to attach a filter to the LiCl solution so 

that particles from for example the ambient air are collected.

12.8   Tilt and Transport System

Since the machine contains liquid, it may be difficult to transport it. One 

might need to empty the desiccant solution before transporting the ma-

chine from one place to another. There is also a scope to include safety 

features (tilt sensors, auto lock mechanisms) in the device.
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12.9   Better Control System

There are many ways in which the present control system can be im-

proved. There is a need to explore a better mechanism to measure the 

LiCl concentration in the solution. It is hard to get a precise concentra-

tion measurement with the present method as it is very hard to estimate 

the exact temperature at which boiling commences inside the heater. 

One can only switch the heater on or off in the present design. Further, 

the flow rate through the pumps needs to be changed manually. The ef-

ficiency of the boiling process will increase if the heater magnitude and 

the pump flow rate could somehow be adjusted depending on the solu-

tion concentration. Also, the present laptop-based control system should 

necessarily be programmed into a microcontroller before the next “ready 

to ship” prototype is built.

12.10   Additional Features

There is ample scope for introducing additional features in the machine. 

Some of these are:

• Hot and cold water capability can be introduced as an added utility to 

the consumer.

• The display can be improved to inform the user about the environ-

mental conditions (temperature, humidity values etcetera), amount and 

quality of water in the machine, calendar, and time etcetera.
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12.11   Extensive Testing

Lastly, extensive testing needs to be done to gauge the performance 

of the machine over prolonged duration and under varied atmospheric 

conditions. Prolonged tested will also provide information about machine 

durability, corrosion resistance and desiccant lifetime.

The purity of the water produced must be tested by a certified chemi-

cal laboratory. The distillation process is inbuilt into the machine cycle. 

Hence, the team estimates the generated water to be extremely pure. 

However, further testing should be performed to ensure that the water 

is free of even minute quantities of LiCl.
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13.0   Discussion

13.1   Global Teamwork

The composition of team Immerse was very different from a regular 

Engineering 310 team. The project team was composed of ten mem-

bers dispersed over four different universities. The vast team strength 

enabled the team to explore a vast solution space, especially during the 

early phases of the project. This proved extremely advantageous, es-

pecially due to the highly technical nature and limited time span of the 

project. However, the management of such a large and dispersed team 

proved particularly challenging. 

The loss of one team member in winter quarter and another one in 

spring quarter reduced the Stanford team to just one member. There 

was a consequent mismatch between the global and local team strength, 

especially during the end of the quarter. However, the team was able to 

overcome all the challenges and kept its focus on the development of a 

high quality, working prototype.

13.2   Technology-Driven Project

Since the project has been a technology-driven project less focus has 

been given to the user design. In spite of that the team has made a 

strong effort to maintain the user in the design process. Many of the 

user design ideas are not verified by user tests but analyzed by the team 

itself from their own knowledge and experiences. 
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13.3   Change of Project Focus

In the beginning of the project many goals and wishes were discussed 

with the company Immerse Global. After careful investigations of the 

present machine and products using similar or related technologies the 

team realized that some of the constraints and goals setup were con-

tradicted to each other. The team had to compromise in some areas. 

Since the project main focus area was the water production the team 

wanted to have a machine that could produce enough water for a house 

hold even in low humidity levels. Therefore the power requirements of 

1000 Watts were relaxed as well as the cost of the production of the 

machine. 

In the end of the project, though, the water cost of the machine became 

of higher importance to Immerse Global which made it vital that the ma-

chine consumed less power. The size of the product was also discussed 

more carefully and it was preferred that it should be of similar size as the 

present machine. With these new important constraints the water pro-

duction capacity was limited to certain power consumption and dimen-

sions which made the last prototypes even more challenging to build.
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14.1   Concept Testing

Extensive testing needs to be done to gauge the performance of the ma-

chine over prolonged duration and under varied atmospheric conditions. 

Prolonged tested will also provide information about machine durability, 

corrosion resistance and desiccant lifetime. 

The purity of the water produced must be tested by a certified chemi-

cal laboratory. The distillation process is inbuilt into the machine cycle. 

Hence, the team estimates the generated water to be extremely pure. 

However, further testing should be performed to ensure that the water 

is free of even minute quantities of LiCl.

14.2   Design for Manufacturing

When manufacturing the final machine it is crucial to keep down the 

overall cost.  Find companies that can produce cheap parts in large 

quantities. The most expensive part in the machine is the heat exchang-

er so it is important to find an inexpensive one without diminishing the 

efficiency.  There is also a lot that can be done with the size of the ma-

chine. The final concept is much too big but it is also far from optimized. 

The machine parts have to be closer together and there placement have 

to be checked. When manufacturing the parts the highly corrosive fluid 

must be considered. The parts need to be in either heat resistant plastic, 

Teflon laminated steel, ceramics or glass.  In the hot cycle of the process 

the heat losses in the machine are also extremely high; therefore these 

parts should have an extra isolated layer.

14.0   Recommendation
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Appendix 2: LiCl Cycle 

 
LiCl is a salt with very hygroscopic ability. It has high solubility in water and is able to absorb water 
even in low RH. The absorption of water takes place when the vapour pressure on the surface of the 
salt particles is lower than the vapour pressure of water molecules in the ambient air. The bigger this 
difference is between the two substances’ vapour pressure, the stronger is the driving force for 
water absorption. When the water molecule is absorbed on a salt particle, it releases heat to the 
surrounding which increases the temperature in the outgoing air. This heat release is due to the 
strong water‐LiCl ionic bonds that are formed. 

The graph in figure 1 shows the solubility boundary of LiCl together with corresponding RH‐levels in 
the ambient air. Looking at the solubility boundary in normal room temperature around 20˚ C for 
LiCl, it gives a corresponding RH level of about 12 % when the concentration of the solution is about 
43 % mass fraction. This means that, in theory, an infinitively long absorption chamber with LiCl 
dissolved in water to 43 % concentration could dehumidify the ambient air going in to the chamber 
down to 12 % RH.   
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Figure 1: Graph showing LiCl solution concentration with corresponding RH level and 
temperature. Source: M. Conde Engineering 2004 
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In real life, however, a number of different factors must match to achieve this value. Based on the 
extensive literature study and experiments conducted with the functional prototype, the team 
concluded that the following design parameters need to be satisfied if optimum absorption is to take 
place:  

• The absorption bed has to be around 300 mm of depth  in order to dehumidify the ambient 
air to 70 % of the amount that is theoretically possible to absorb 
 

• The nozzle that wets the tower packings must reach the whole top surface and the flow rate 
of the solution has to be 10 l/min or higher. 

 

• A heat exchanger is needed to ensure energy efficiency 
 

• To minimize the dissipation of solution from the chamber the air velocity should not exceed 
2 m/s and mist eliminators must be employed 

 

• The water extraction process must be run parallel to the absorption process in order to keep 
the whole process to ensure high desiccant concentration at all times 

 

• The air stream in the chamber must be as homogeneous as possible to ensure that ambient 
air is in contact with as much of the tower packings as possible 

The graph in figure 2 shows the LiCl solution temperature together with corresponding vapour 
pressure. Assuming that the vapour pressure in the ambient air is close to 1 atm, one can see that 
the boiling point for the LiCl solution increases with higher concentration. A LiCl concentration of 
about 40 % gives a boiling point of around 133˚C and 45 % concentration gives a boiling point of 
about 145˚ C. 

This boiling point elevation in the solution makes it possible to optimally extract water from the 
solution by distillation since the solution boiling point may be directly correlated to its concentration.  
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Figure 2: Graph showing the boiling point of different LiCl solution concentrations. 
Source: M. Conde Engineering 2004 
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The amount of water that can potentially be absorbed by the LiCl solution depends on the RH level 
and temperature of the ambient air. From figure 2 above, one can infer that it is theoretically 
possible to absorb ambient air down to 12 % RH. With a packing depth of 300 mm, it is possible to 
absorb ~70 % of the theoretically limit. Hence, care was taken that the packing depth in the final 
prototype was kept at 300mm. The chamber in the prototype has a cross‐section that can process up 
to 9000‐10 000 m3/day with an air velocity of about two m/s. All these factors indicate that the 
amount of water that is possible to extract is approximately 10 to 20 litres per day at RH values of 30‐

40 % and 20° C.  
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Appendix 3: Present Immerse Machine Specification 
 

Specification        Value

Production capacity           20L/24hr

RH conditions           40‐95%

Temperature conditions           15‐32°C

Power Supply           220V/50Hz

Production power           580‐620W

Filter systems           PP, CTO, RO, T33, UV

Height           120cm

Width           40cm

Depth           42cm

Net weight           50kg

Noise level           42dB

Water PH           6.8

Hot water temp.           90‐95°C

Cold water temp           6‐8°C

Water storage capacity           4L
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Appendix 4: Performance Test on the Present Immerse 
Machine 
 

To learn more about the product itself and investigate how it performs, three tests were made on 
the Immerse Global AWG. In the first test the machine was tested not containing any initial amount 
of water put in to it and the other two were executed with different amounts of water and for 
different scopes of time. 

All the measurements were made by comparing the difference between the initial amount of water 
and the final obtained amount of water, which equals the amount produced by the machine. The 
water was measured with a volumetric measuring device. 

 

Result 

Experiment 1 – zero litres water 

In this first test the device was started and run for 0.5 hours with 4 litres of water and then emptied. 
After that the device was run for 5 hours without any water to start with. This resulted in 0.3 litres of 
produced water. 

• Four litres in 
• Four litres out 
• Five hours 
• 0.3 litre out 
 
Experiment 2 – four litres water 

The second test was performed with four litres of water in the device initially. Thereafter it ran for 
eight hours, and the result was 5.2 litres of water, which gives a result of 1.2 litres of produced water. 

• Four litres in 
• Eight hours 
• 5.2 litre out 
 
Experiment 3 – ten litres 

In the last test the device ran for 24 hours with ten litres of water initially. The result after that was 
8.6 litres of water, which would give a negative result, the device consumed 1.4 litres of water. 

• Ten litres in 
• 24 hours 
• 8.6 litres out 
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The testing was made under different circumstances to investigate the impact of each variable. As 
the graph above illustrates (see table 1) the initial amount water in the device has a substantial effect 
on the amount of water produced. 

 

Table 1: X-axis Time, Y-axis litres of water produced 

 

As the device was running in the enclosed area the level of Relative Humidity decreased as time 
passed and the moisture of the air was extracted (table 2). The testing was performed under such 
circumstances that the Relative humidity never dropped below ≈ 40%. 

RH %

37

38

39

40

41

42

43

44

12.00 13.00 14.00 15.00 16.00

RH %

 

Table 2: X-axis Time, Y-axis RH 

 

As the machine was running an increase in temperature in the room could be registered, this due to 
the waste heat of the device. The small decrease in temperature during the fourth hour, as observed 
in table 3, is a result of opened door in an effort to ensure the RH level of the air. 
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6,00 
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4 L WATER 
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Temperature (C)

21,5

22

22,5

23

23,5

24

24,5

25

25,5

12.00 13.00 14.00 15.00 16.00

Temperature (C)

 

Table 3: X-axis Time, Y-axis Temperature 

 

Discussion 

It is not possible to decide how well the device from Immerse Global works judging on the result 
from the tests. From the first two tests it is shown that the device works but not as well as it is 
supposed to. The result of the final test is hard to interpret, due to the fact that the amount of water 
is less after the experiment than the initial amount. This does, however, illustrate the unreliability of 
the product. 

The tests were made in an RH of approximately 40‐45%, and a temperature around 24, the device 
has a working humidity between 40‐95% and a working temperature between 10‐38 degrees Celsius. 
The device is supposed to produce 20 l of water every 24 hours but it doesn’t specify the working 
conditions which probably are better suitable than in the tests, this means higher RH value and 
higher temperature. Further tests would be made in a climate with higher RH value to investigate if 
the device works better with other conditions. 
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Appendix 5: Gantt Chart 
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Appendix 6: Risk Analysis 
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Appendix 7: Project Budget 
 
 
LTUs total budget and expenses for the project (1 US dollar approximately equals 6.50 SEK). 

 

Total Budget 

Item      Amount [USD]

Supplies        500

Prototypes        16500

Domestic travel        3250

International travel        11840

Total        32090

       

       

 

Travel Expenses 

                         Date  Purpose  Amount [USD]

Domestic  2007‐09‐24  Kickoff in Stockholm  385

Domestic  2007‐12‐17  Flight to Stockholm  415

Domestic  2007‐12‐17  Hotel in Stockholm  452

Domestic  2007‐12‐17  Taxi Arlanda  123

Domestic  2008‐03‐25  Immerse meeting in Stockholm  261

International  2007‐10‐27  Flight to Stanford  6203

International  2007‐10‐27  Hotel in Stanford  626

International  2007‐10‐27  Phone calls  185

International  2008‐05‐01  Flight to Stanford  4804

International  2008‐05‐01  Hotel in Stanford  2829
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International  2008‐05‐01  Hotel internet   5

International  2008‐05‐01  Car fuel  600

International  2008‐05‐01  Rental car  1585

International  2008‐05‐01  Roadside service  200

International  2008‐05‐01  Travel allowance  3077

International  2008‐05‐01  Cell phone  50

International  2008‐05‐01  Refill Cell phone  25

    Total:  21825

    Remaining:  ‐6735

       

       

 
Prototype Expenses 

                         Date  Purpose  Amount [USD]

Plexiglas  2007‐11‐22  Critical Function Prototype  108

Glue  2007‐11‐22  Critical Function Prototype  8

Peltier element  2007‐11‐22  Critical Function Prototype  23

Cooling paste  2007‐11‐22  Critical Function Prototype  18

Nylon stocking  2007‐11‐22  Critical Function Prototype  7

Plastic tape  2007‐11‐22  Critical Function Prototype  7

Soldering  2007‐11‐22  Critical Function Prototype  9

Banana plug  2007‐11‐22  Critical Function Prototype  6

Battery 9V  2007‐11‐22  Critical Function Prototype  6

Air pump  2007‐11‐22  Critical Function Prototype  31

Calcium Chloride  2007‐11‐22  Critical Function Prototype  13

Rapeseed oil  2007‐11‐22  Critical Function Prototype  4

Air dryer  2007‐11‐22  Critical Function Prototype  46
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Hygrometer  2007‐11‐22  Critical Function Prototype  23

LiCl 450g   2008‐01‐03  Dark Horse Prototype  69

Plexiglas tube  2008‐01‐03  Dark Horse Prototype  107

Pump  2008‐01‐03  Dark Horse Prototype  15

Pestle  2008‐02‐22  Functional Prototype  15

Fan  2008‐02‐22  Functional Prototype  26

Thermometers  2008‐02‐22  Functional Prototype  30

Cord  2008‐02‐22  Functional Prototype  22

Plug  2008‐02‐22  Functional Prototype  6

Glue  2008‐02‐22  Functional Prototype  17

Thermoplastic  2008‐02‐22  Functional Prototype  30

Switch  2008‐02‐22  Functional Prototype  4

Glows  2008‐02‐22  Functional Prototype  8

Rubber bands  2008‐02‐22  Functional Prototype  3

Straws  2008‐02‐22  Functional Prototype  6

LiCl 500g  2008‐02‐22  Functional Prototype  364

Nozzles  2008‐02‐22  Functional Prototype  125

Chemistry Equipment  2008‐02‐22  Functional Prototype  52

Pumps  2008‐04‐25  Final Prototype  430

Chamber  2008‐04‐25  Final Prototype  160

Weather Station  2008‐05‐05  Final Prototype  100

McMaster  2008‐05‐15  Final Prototype  100

Home Depot  2008‐05‐15  Final Prototype  300

Heat Exchanger  2008‐05‐15  Final Prototype  150

    Total:  2448

    Remaining:  14052
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Supplies Expenses 

                         Date  Purpose  Amount [USD]

Computer locks  2007‐11‐12  Office Supplies  276

Post‐its  2007‐11‐12  Office Supplies  8

Watches  2007‐11‐12  Office Supplies  56

Other office supplies  2007‐11‐12  Office Supplies  230

Ink cartridge  2008‐02‐04  Office Supplies  29

    Total:  599

    Remaining:  ‐99

 
 

 
   

       

Total 

Expenses        Amount [USD]

Spent                                        24872

Remaining                                      7218
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Appendix 8: Existing Products 
 
 

1. Atmospheric Water Generators 

   

OEM Brand 

Similar or the same as the Immerse product, figure 1. Read more about the AWG at www.sino‐
bao.com, 2007. 

 
Figure 1: OEM Brand 

Air Water Corporation 

Many different products, for example see figure 2. Read more about the AWG at 
www.airwatercorp.com, 2007. 

 
Figure 2: Air Water Corp. 

Air & Water Incorporate 

AWGs, coolers and purifiers, for example figure 3. Read more about the AWG at 
www.air‐n‐water.com, 2007. 

 
Figure 3: Air & Water Inc. 

 

http://www.sino%E2%80%90bao.com
http://www.sino%E2%80%90bao.com
http://www.sino%E2%80%90bao.com
http://www.airwatercorp.com
http://www.air%E2%80%90n%E2%80%90water.com


 24 

Air 2 Water 

Water from atmosphere and tap, see figure 4. Read more about the AWG at www.air2water.net, 
2007. 

 
Figure 4: Air 2 Water 

Air to H2O 

Supplies hot or cold pure drinking water from air from Australia, see figure 5. Read more about the 
AWG at www.airtoh2o.com.au, 2007. 

 

 
Figure 5: Air to h20 

Water Maker India 

Many different products, similar to Air water corp., see figure 6. Read more about the AWG at 
www.watermakerindia.com, 2007. 

 
Figure 6: Water maker India 

http://www.air2water.net
http://www.airtoh2o.com.au
http://www.watermakerindia.com
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Wataire Industries Incorporate 

AWG from Canada, see figure 7. Read more about the AWG at 
www.alibaba.com, 2007.  

 
Figure 7: Wataire industries inc. 

Pure Water 2 Go 

AWGs and filters, see figure 8. Read more about the AWG at www.purewater2go.com, 2007. 

 

Figure 8: Pure water 2 go 

Xdobs 

Uses night radiant IR cooling to harvest water from air, see figure 9. Read more about the AWG at 
www.tradekey.com, 2007. 

 
Figure 9: Xdobs 

 

 

 

http://www.alibaba.com
http://www.purewater2go.com
http://www.tradekey.com
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Free Energy News 

A list of products that can extract drinking water from air, sea and waste water, for example figure 
10. Read more about the AWG at www.freeenergynews.com, 2007. 

 
Figure 10: Free energy news 

 

2. Portable Water Filter  
 
Water products 

Sells water treatment products and water filters backed by premium customer service, see figure 11. 
Read more about the water filters at www.waterproducts.com, 2007. 

 
 

 

Figure 11: Water products 

 

Life straw 

Portable water purifier, see figure 12. Read more about the water purifier at www.lifestraw.com, 
2007. 

  

Figure 12: Life straw 

 

http://www.freeenergynews.com
http://www.waterproducts.com
http://www.lifestraw.com
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Steripen 

SteriPEN is a portable water purifier that uses ultraviolet (UV) light to destroy waterborne microbes, 
see figure 13. Read more about the water purifier at www.steripen.com, 2007. 

 
Figure 13: Steripen 

Katadyn 

Katadyn Pocket is a rugged, longest lasting micro filter, figure 14. Read more about the water filter at 
www.katadyn.ch, 2007. 

 
Figure 14: Katadyn 

 

Augustin Produktentwicklung 

The Watercone is a solar powered water desalinator that takes salt or brackish water and generates 
freshwater, see figure 15. Read more about the water desalinator at www.watercone.com, 2007. 

 
Figure 15: Augustin Produktentwicklung 

 

http://www.steripen.com
http://www.katadyn.ch
http://www.watercone.com
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3. Stationary Water Filters 

 

Nordic Water 

Stationary filter, see figure 16. Read more about the water filter at www.nordicwater.se, 2007. 

 
Figure 16: Nordic water 

 

Lenntech 

Lenntech are making water cleaning products with systems like Ozonisation UV disinfection 
Filtration, see figure 17. Read more about the water filters at www.lenntech.com, 2007. 

 
Figure 17: Lenntech 

Aqua Expert 

They are a complete supplier which both develops and produces water filters and pressure tanks. 
Moreover, they provide all types of filter materials, see figure 18. Read more about the water filters 
at www.aquaexpert.se, 2007. 

 
Figure 18: Aqua expert 

 

http://www.nordicwater.se
http://www.lenntech.com
http://www.aquaexpert.se
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Ocees 

Produces drinking water by removal of non‐condensable gases from the seawater, see figure 19. 
Read more about the water filters at www.ocees.com, 2007. 

 
Figure 19: Aqua expert 

Science and Technology 

A simple way to clean water with just the UV light from the sun, see figure 20. Read more about the 
water filters at www.treehugger.com, 2007. 

 

 

 

 

 

 
 

Figure 20: Science & technology 

eCompressedair 

D4 Van Air Freedom Deliquescent Dryer 

Wet air enters the bottom of the dryer and flows upward through a bed of desiccant which adsorbs 
moisture as it slowly dissolves, see figure 21. Read more about the water filters at 
http://store.ecompressedair.com, 2007. 

 
Figure 21: Aqua expert 

 

http://www.ocees.com
http://www.treehugger.com
http://store.ecompressedair.com
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3. Water Pumps and Transports of Water 

 

PlayPumps International 

The PlayPump systems are a water pump powered by children at play.  Installed near schools, the 
PlayPump system doubles as a water pump and a merry‐go‐round for children, see figure 22. Read 
more about the water pumps at 
www.playpumps.org, 2007. 

 
Figure 22: Playpump 

Imvubu Projects 

The Hippo Water Roller is a barrel‐shaped container designed to transport 90 litres (20 gallons) of 
water, see figure 23. So people do not have to carry the heavy barrels. Read more about the water 
pumps at www.hipporoller.org, 2007. 

 
Figure 23: Imvubu Project 

http://www.playpumps.org
http://www.hipporoller.org
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Appendix 9: Patent AWG 
 
 
Following patent was found on www.freepatentsonline.com, keyword AWG.  

 
1. With Absorbing Material 

http://www.freepatentsonline.com/6511525.html 

http://www.freepatentsonline.com/20020189448.pdf 

http://www.freepatentsonline.com/6960243.html 

http://www.freepatentsonline.com/20070095209.pdf 

http://www.freepatentsonline.com/20070101862.pdf 

http://www.freepatentsonline.com/20060130654.html 

http://www.freepatentsonline.com/4285702.html 

http://www.freepatentsonline.com/20060272344.pdf 

http://www.freepatentsonline.com/6336957.pdf 

http://www.freepatentsonline.com/20070220843.html 

http://www.freepatentsonline.com/20060278089.html 

http://www.freepatentsonline.com/6644060.pdf 

http://www.freepatentsonline.com/20060191411.html 

 
2. Using Cooling System 

http://www.freepatentsonline.com/20070256430.html 

http://www.freepatentsonline.com/5203989.html 

http://www.freepatentsonline.com/20040040322.html ‐ Refrigerator system 

http://www.freepatentsonline.com/20050097901.html ‐ Refrigerator system 

http://www.freepatentsonline.com/7000410.html ‐ Refrigerator system 

http://www.freepatentsonline.com/4351651.html 

http://www.freepatentsonline.com/6302944.html ‐ Dehumidifier condensation 

http://www.freepatentsonline.com/6755037.html ‐ Dehumidifier condensation 

http://www.freepatentsonline.com
http://www.freepatentsonline.com/6511525.html
http://www.freepatentsonline.com/20020189448.pdf
http://www.freepatentsonline.com/6960243.html
http://www.freepatentsonline.com/20070095209.pdf
http://www.freepatentsonline.com/20070101862.pdf
http://www.freepatentsonline.com/20060130654.html
http://www.freepatentsonline.com/4285702.html
http://www.freepatentsonline.com/20060272344.pdf
http://www.freepatentsonline.com/6336957.pdf
http://www.freepatentsonline.com/20070220843.html
http://www.freepatentsonline.com/20060278089.html
http://www.freepatentsonline.com/6644060.pdf
http://www.freepatentsonline.com/20060191411.html
http://www.freepatentsonline.com/20070256430.html
http://www.freepatentsonline.com/5203989.html
http://www.freepatentsonline.com/20040040322.html
http://www.freepatentsonline.com/20050097901.html
http://www.freepatentsonline.com/7000410.html
http://www.freepatentsonline.com/4351651.html
http://www.freepatentsonline.com/6302944.html
http://www.freepatentsonline.com/6755037.html


 32 

http://www.freepatentsonline.com/20040123607.html ‐Dehumidifier condensation 

http://www.freepatentsonline.com/5106512.html  

http://www.freepatentsonline.com/5729981.html ‐ Peltier principal 

 
3. Using Pressure Chambers 

http://www.freepatentsonline.com/6230503.pdf 

http://www.freepatentsonline.com/6453684.pdf 

http://www.freepatentsonline.com/6360549.pdf 

http://www.freepatentsonline.com/4050262.pdf 

http://www.freepatentsonline.com/4080186.pdf 

http://www.freepatentsonline.com/7043934.html 

http://www.freepatentsonline.com/20040244398.html 

 
4. Other Interesting Patents 

http://www.freepatentsonline.com/5672277.html ‐ Water from oil 

http://www.freepatentsonline.com/4205529.html ‐ Dehumidifier by LiCl 

http://www.freepatentsonline.com/20040123607.html
http://www.freepatentsonline.com/5106512.html
http://www.freepatentsonline.com/5729981.html
http://www.freepatentsonline.com/6230503.pdf
http://www.freepatentsonline.com/6453684.pdf
http://www.freepatentsonline.com/6360549.pdf
http://www.freepatentsonline.com/4050262.pdf
http://www.freepatentsonline.com/4080186.pdf
http://www.freepatentsonline.com/7043934.html
http://www.freepatentsonline.com/20040244398.html
http://www.freepatentsonline.com/5672277.html
http://www.freepatentsonline.com/4205529.html
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Appendix 10: Related technologies 
 
 

1. Thermoelectric Cooling ‐ Peltier Effect 

This principle is presently used in few commercial dehumidifiers and refrigerators. It works on a 
principle called Peltier effect that generates a temperature difference across a Peltier element 
(thermocouple) when an electric current is passed through it (see figure 1 & 2). The key advantages 
of using this principle are that it makes the devices highly compact, noiseless and light in weight. 
However, this technology is not scalable and cannot be presently used for high power applications 
(www.peltier‐info.com, 2007). 

 

 
Figure 1: Basic parts of Peltier device 

 

 
Figure 2: Peltier element 

 

http://www.peltier%E2%80%90info.com
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2. Condensers 

Condensers are used in many air‐drying and water extracting applications as in most atmospheric 
water generators, dehumidifiers and air conditioners. These kind of condensing systems work mainly 
by letting humid air pass through cold refrigerated coils, described earlier in the vapour compression 
cycle. The moisture in the air is condensed into droplets when the temperature drops below the 
current dew point and is then collected in a container (figure 6). The amount of water that can be 
produced in a certain period of time depends on the climate conditions such as humidity level and 
temperature as well as the volume of air passing through the coils and the cooling capacity 
(www.humiditycontrol.co.uk, 2007). 

 

 

 

 

 

 

 

 

 
Figure 6: Basic principle of condensers 

3. Microwaves 

Microwave ovens (figure 7) are popular because their ability to warm up food in a short amount of 
time. They are very efficient in their use of electricity because the microwave only heat the water 
molecules in the food and do not waste energy on heating the surrounding air. 

Microwaves are radio waves that have a frequency of about 2,500 megahertz. Radio waves in this 
frequency range will be absorbed by water, fats and sugars and converted into atomic motion 
causing an increased temperature. The microwaves are not absorbed by most plastics, glass or 
ceramics which explains why these not get warm (www.gallawa.com,   
www.howstuffworks.com, www.colorado.edu, 2007). 

 
Figure 7: Microwave own 

http://www.humiditycontrol.co.uk
http://www.gallawa.com
http://www.howstuffworks.com
http://www.colorado.edu
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4. Reverse Osmosis 

Reverse osmosis or RO as it often is abbreviated is a process of cleaning water. One side of the RO 
device is pressurized which forces water molecules to go through a membrane with microscopic 
holes in order to filter out larger particles. The water that comes out from the other side of the 
membrane is free from dust and other unwanted particles (figure 8). 

The membrane also reduces salts and minerals in the water solutions which makes the water very 
pure. Some of these salts and minerals are therefore added to the water after the RO process by 
using different kind of filters. 

 
Figure 8: Basic principle of RO systems 

5. Compressor 

When atmospheric air is compressed the humidity level in the gas will increase quickly causing the 
moist in the air to condense almost immediately. When the relative humidity level reaches past 100% 
water droplets will occur which makes it possible to extract water. Many compressors in the industry 
build up a pressure of around 8 bars far enough to make moisture condensate (figure 13). The same 
phenomenon occurs in airplane turbines where the air is compressed and condensed leaving a white 
cloud behind (www.plant‐maintenance.com, www.about‐air‐compressors.com, 2007). 

 
Figure 9: Compressor 

http://www.plant%E2%80%90maintenance.com
http://www.about%E2%80%90air%E2%80%90compressors.com
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6. Micro Cooling 

Micro cooling systems are used to cool electronic parts for example diode lasers, see figure 10 
(www.prolas.de, 2007). 

 
Figure 10: Micro cooling copper flanges 

7. NASA Technology 

NASA uses a system of different technologies to gather and produce water in space stations 
(http://members.nova.org, 2007). 
 
 

8. Air Conditioner 

Air conditioners works in a similar way as refrigerators, see figure 11 (www.energyquest.ca.gov, 
2007) 

 
Figure 11: Air conditioner 

http://www.prolas.de
http://members.nova.org
http://www.energyquest.ca.gov


 37 

Appendix 11: Minutes - reality check meeting with liaison 
 
 
Date 

31st January 2008 

 

Venue 

Stanford University 

 

Attendees 

Whole Stanford Team (Chaitanya, Harshit, Anders) 

Liaison: George Alvarez, Syed Mannaf 

Global Team over Video Conferencing 

 

Meeting Minutes 
Following are the points that were discussed. They can be under two categories: 

A. Machine Related 

1. Product Constraints 
The team raised the issue that there are three constraints that we were dealing with:  

• Amount of water to be produced (~ 6 to 7 gallons) 
• Power consumption of the machine (~ 600 Watts)  
• Cost of production 

 
All of these were difficult to be achieved, and so some of them needed to be relaxed. 

Outcome 
It was agreed that the amount of water produced is the most important objective which cannot be 
relaxed. The total power requirement of the machine, including purification and heating/cooling 
cycle is relaxed for the time being. We can start from as high a power as 1000 Watts, and then later if 
possible try and reduce it. 

Also the cost of production (of the machine) is not a concern for us at the moment, if it is in 
reasonable bounds (approx $ 300 on a mass production scale). 
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2. Target Market 
The team raised the issue of target market for the product. It was unclear whether we are targeting 
the USA only, or Africa and Asia which look like a promising market. 

Outcome 
As USA is a market leader in the adoption of new technologies, we start with USA as the target 
market, move on to UK and the Middle East and then in the later stages move on to Asia and Africa. 
The user mentioned is a tech savvy, middle aged person concerned about health. 

3. User Interface 
The team raised the issue about user interface of the product. How should that be dealt with, and 
more importantly who deals with it? 

Outcome 

It was decided that we can have a go at it, develop not only the interface but the design of the 
machine. It should most probably be done by the Swedish teams as there are more industrial 
designers there. However, George said that this would be handled by another design university, and 
so we should focus more on the technological aspects of the project. 

B. Work Methodology Related 

1. Management 
Each team should deal with some specific task. Each team develops a report of their weekly work, 
highlighting the specific results obtained over the week, and giving a copy both to George, as well as 
to the others. The same could be used for the weekly SGM that is held at Stanford University. So the 
deadline for these would be Sunday 7 PM PST (Stanford Time). 

2. Communication 
On occasional weekly scheduled Marratech 6.1 meetings, George would join in and the team as well 
as he can ask directly whatever confusion there might be. 

3. Support 
The team at Stanford can ask for Immerse Global’s help for anything to facilitate the progress, in 
particular like procurement of any equipment. 
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Appendix 12: Healthy Lifestyle Products for Women 
 

Needs found; Improving User Experience, Accessibility, Nature Inspired, User Friendly, Practical, 
Trustworthy, Personal, Stylish 

A healthy lifestyle is defined by Bloch (1984) as an orientation toward the prevention of health 
problems and the maximization of personal wellbeing. But nowadays most people associate the 
word healthy with diet and exercise which most healthy lifestyle researches have tend to focus on. 
To live healthy is not only about feeling good but also to look good (www.emeraldinsight.com, 2008). 

During the past 30 years the market of healthy lifestyle products has tended to grow. According to 
market researches the consumer interest in healthy products is still growing. For example it could be 
mentioned that natural products sales in the United States grew 9.7 percent in 2006, accounted for 
more than $56.7 billion dollars, according to The Natural Foods Merchandiser. The article “Analysis of 
the healthy lifestyle consumer” explains that the growing need for healthy products is not only being 
driven by those strictly maintaining a healthy lifestyle, but also by mainstream people who are 
attempting to live a little healthier. It is also states that the percentage of consumers who are truly 
maintaining a healthy lifestyle probably does not constitute a large segment of the population. Due 
to this statement it is important to look at the healthy lifestyles from a broader perspective to 
maintain the large segment of consumers (www.emeraldinsight.com, 2008). 

The article “Analysis of the healthy lifestyle consumer” indicate that people who maintain a healthy 
lifestyle tend to be female, older, more educated, place less importance on the value of 
“excitement”, have a greater tendency to plan ahead and tend to experience less role overload. 

 

User Experience 

From this analysis it can be drawn to the conclusion that, in order to attract the large segment of 
healthy lifestyle people, you must fulfil the need of excitement for those who need it. In fact, many 
exercising products are marketed for fitness and fun.  One example below is the Jump Boots, which 
according to the website jumpboots.com, has shown to increase the fun in exercise, see figure 1 
(jumpboot.com, 2008). 

 

http://www.emeraldinsight.com
http://www.emeraldinsight.com
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Figure 1: Jump Boot 

 

One other example is the OSIM iGallop© who claims to give you fitness and fun at the same time, 
see figure 2 (www.osim.com, 2008). 

 

 
Figure 2: OSIM iGallop©  

 

It must be added though that people have a varying opinion about what is fun, but in this case it 
could be summarized in the term of creating a good user experience.  The user experience could for 

http://www.osim.com
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example be innovative which stimulates people’s curiosity and excitement to have fun, see figure 4. 
Many healthy products are also marketed to inspire a good user experience, see figure 5. 

 

 
Figure 4: Example of innovative user experience 

 

 
Figure 5: The bottles are marketed by showing a good user experience. 

 

Accessibility 

As the article “Analysis of the healthy lifestyle consumer” states, it is people with organizing skills and 
stress tolerance that maintain a healthy lifestyle. Therefore it is important that the healthy products 
are not time consuming nor something you must plan for to fulfil the needs of the larger segment 
group of healthy living consumers.  Research indicates that the two biggest trends in the food 
industry are health and convenience (www.emeraldinsight.com, 2008). Combining these two trends 
could be the key to a product with great success. One example of this is the Nutrition Bar, see figure 
6. The need discussed could be summarized in the term of accessibility for the user. That is also one 
of the key abilities in the popular IPods, see figure 7. The IPod wheel allows the user to have easy 
access to the functions at any time. 

http://www.emeraldinsight.com
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Figure 6 & 7: The Nutrition Bar &  Apple´s IPod Nano 

Nature Inspired 

During this research of healthy lifestyle product it has been noticed that many products are marketed 
by showing the healthy food, see figure 8‐10. By doing this the product gets a fresh appearance 
attractive to the costumer.   

 
Figure 8: The packing shows the containing product kiwi. 

 
Figure 9 & 10: The juice press and the packing are marketed by fruits and vegetables. 
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Healthy living products are often inspired by nature to reveal its purpose. One example of that is 
Toyota’s RiN concept car designed to inspire "serene, healthy living", see figure 11 (blog.wired.com, 
2008). 

 
Figure 11: Toyota's RiN concept car. 

User Friendly (for Women) 

From the analysis conclusion that women are more likely to maintain a healthy lifestyle follows a 
discussion of female product design. In the article “Towards Female Preferences in Design – A Pilot 
Study” following conclusion is stated: 

“The concept of a well‐defined, gender‐oriented product characteristic remains difficult to grasp, as 
there is no complete theory that embraces all the different aspects and the complexity related to 
such a concept. It is evident that careful attention needs to be given to the selection of applied 
associations in order to avoid domains with strong masculine or feminine overtones 
(www.ijdesign.org, 2008).” 

From this statement it is drawn to the conclusion that when designing it is more important to focus 
on how different gender uses the product rather than trying to specify a specific women’s need for 
all products. 

One example is the company Tranzend where the owner Ying Cheng creates cell phones for women 
needs. According to her these needs are mobility and multitasking. With mobility she refers to the 
ability of being constant on‐line. Multitasking refer to women’s need of doing several tasks at the 
same time, for example talking on the cell phone and cook. Another not as good example is the 
Samsungs cell phones SGH‐L310 and SGH‐L320 made especially for women, see figure 13. The cell 
phones are stuffed with "female applications" inside like a shopping list function, a perfume‐
matching system and a calorie counter. Whether or not these are the women’s true needs could be 
discussed (gizmodo.com, 2008).  

 

http://www.ijdesign.org
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Figure 13: According to Samsung, the SGH-L310 and SGH-L320 are specially made for 

women because "they know what women want". 

 
Another example is the need for a women’s sport watch. What is an essential need is the fit of the 
watch since women usually have smaller wrists. Women are also often practical and want functions 
they use rather than have too many functions that compromise the usability of the product, see 
figure 14. With a lighter design it gives the impression of a not so complicated product. 

 
Figure 14: High gear Women’s Enduro Mini Watch 

 
A good example of female design is Volvo’s 'Your Concept Car' designed by women for women. What 
they found was that women want everything in a car that men want in terms of performance and 
styling, plus a lot more than male car buyers have never thought to ask for. Hans‐Olov Olsson, 
president and chief executive of the Swedish carmaker comment this by saying: 

"We learned that if you meet women's expectations, you exceed those for men (news.bbc.co.uk, 
2008)."  

The key needs fulfilled by this exceptional car are that it is stylish, practical and could be trusted. It is 
stylish because of the seat pads in different colours and textures to match the women’s style or the 
weather for example. It is practical since it has a lot of storage. One example is the back seats which, 
like cinema seats, are folded down only when needed for seating, leaving space for shopping and 
sports bags behind the front seats when they are not being used. It is trusted since the car is 
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programmed to discover any problems under the bonnet, which could be opened only of mechanics. 
The filling station for washing fluid is placed next to where you fill the fuel. 

 
Figure 15 & 16: Volvo’s Your Concept Car 
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Appendix 13: Kitchen Design Trends in America 
 
 
One of the more recent trends in modern kitchen design ideas is to make the kitchen part of a ”great 
room”. To combine the kitchen with an adjacent family room. To create the great room the wall 
separating the kitchen and family room or dining room is completely removed creating a more open 
space centred by a spacious kitchen island or peninsula.  

Because of the gradual merging of these rooms, the many different functional elements of these 
areas have been forced to try and accommodate each other. It has become important to come up 
with a thoughtful, experienced and creative design in which these differing elements exist together. 

Kitchen islands are getting a lot bigger and wider. Some larger kitchens even have two islands. One 
island being used for food preparation and a nother island for buffets and breakfast service. As with 
cabinets, islands often have the look of freestanding furniture rather than matching cabinetry.  

According to kitchen designers, today's kitchen expands in size and complexity and is becoming more 
commonplace. Thought the kitchens size expands, less time is being spent on preparing food. More 
people are buying microwave food or diner‐out. 

American homes are generally decorated in either a traditional European style, or in a modern 
contemporary style. Traditional European styles tend to be relatively plain. Rather than using striking 
contrasts their colours tend to melt seamlessly into one another. Rooms are often symmetrical, and 
wall space is more prevalent than window space. In contrast, furnishings from these eras tend to be 
very intricate, and contain complex and detailed work. Contemporary styles have fewer rules, but 
generally they feature heavy contrasting themes. In these styles brick walls will be placed side by side 
with silk tapestries, wrought iron will be grouped with antiqued hardwood. 

Furniture‐style cabinetry will continue to be a popular trend in kitchen design at least according to 
the National Kitchen & Bath Association (NKBA). These furniture‐style cabinets are considered to be 
especially popular in the development of kitchen islands. Features that give cabinets a furniture‐like 
appearance are legs or bun feet, corbals on lays and mouldings. Cabinet doors are made with solid 
hardwoods, the most popular being maple and cherry. As for finishes light and medium finishes 
continue to be popular, although kitchen designers and trend watcher also see a growing interest in 
deep, rich browns as influenced by the furniture industry to some extent and to create a more formal 
look for the kitchen. 

Cabinet manufacturers and kitchen designers are starting to design more individual and freestanding 
pieces of furniture instead of the usual built‐in cabinetry for expanded 'great room' kitchens. This is 
known as the 'unfitted' kitchen design first popularized by English designers and cabinetmakers. This 
also leads to another trend of incorporating features from heirloom quality furniture such as glazed, 
distressed and antique finishes. Furniture style cabinetry with an Asian or European influence ‐ the 
use of lighter colours in wood cabinetry combined with dark stained wood ‐developing clean clear 
lines that can help show off the counters and cabinetry ‐ the use of granite, marble and stainless 
steel counters ‐ detailing and inlaid counter surfaces and café tables ‐ high‐tech, smart appliances 
and gadgets that integrate with the cabinet design ‐ built‐in TVs. 
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There are an almost unlimited number of kitchen gadgets available today. For example there are 
built‐in espresso machines, as well as food mixers that can be hidden away when not in use with pop 
out shelves. There is a microwave drawer that places the microwave at the most convenient height 
for frequent use. This drawer opens with the touch of a button. 

Looking at kitchen design trends we can see that home owners desire appliances that are time 
savers, convenient, are easy to clean and maintain, stylish, able to do many tasks, prepare foods 
more efficiently, and promote healthy cooking. Among these new trends is the use of cordless 
electric appliances in the kitchen that will permit more than one cook to be able to use the product 
without being confined to areas near electrical outlets. 

Some of the most in demand items are kitchen appliances that have a retro stainless steel look and 
kitchen appliances that have a high‐end professional or commercial look. Customization and 
personalization are sought after concepts by consumers. People want to have kitchen appliances that 
offer high function and convenience that also comes with an integrated look. The new built‐in 
kitchen appliances can fit seamlessly into a kitchen. The key word is discreet. This is accomplished by 
having cabinet fronts created for the refrigerator and dishwasher fronts. This is how a more custom 
look is created. 

There have been big changes in the look of some other familiar kitchen appliances. For instance there 
has been a strong trend for several years in favour of the use of stainless steel in such appliances as: 
refrigerators, dishwashers, and ranges with large stainless steel hoods. This is because ranges are 
harder to conceal, particularly the larger, commercial type of ranges, not to mention the large 
exhaust hoods that come with them. Stainless steel is a good neutral material because it goes with 
almost anything; it can easily blend in to the background of the kitchen, although some people may 
feel that too much stainless steel can come across as too cold or industrial. This is also a reason that 
panelling dishwashers and refrigerators are becoming popular solutions because panelling can make 
the kitchen appear warmer and more welcoming (www.kitchendesignersideas.com, 2008). 

Conclusion 

∙ A trend in kitchen design is to make a ”great room” of the kitchen and family room or dining 
room. 

∙ Kitchens are getting bigger but the time spent on preparing food decreases. 
∙ American  homes  are  generally  decorated  in  either  a  traditional  European  style,  or  in  a 

modern contemporary style. 
∙ Cabinet doors are made with  solid hardwoods,  the most popular being maple and  cherry. 

There is also a growing interest in deep, rich brown hardwood. 
∙ The appliances  should be  time  savers,  convenient, are easy  to  clean and maintain,  stylish, 

able to do many tasks, prepare foods more efficiently, and promote healthy cooking 
∙ The appliances should be cordless. 
∙ Stainless steel looks and gives a high‐end professional and commercial look. 
∙ Stainless steel  is a good neutral material because  it goes with almost anything;  it can easily 

blend in to the background of the kitchen. 
∙ The built‐in kitchen appliances can fit seamlessly into a kitchen. The key word is discreet. 

http://www.kitchendesignersideas.com
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Appendix 14: Analyzing Apple Design Form 
 
 
This paper focuses analyzing a number of questions. For example, what is Apple design? What does it 
mean to incorporate Apples way of designing? What are the materials being used. Not that the goal 
is not to copy the design from Apple, rather finding the spirit of the design, see figure 1. 

 
Figure 1: One example of Apple design is the iPod. 

 

When analyzing the past and the present Apple products, the focus lies in a number of key words, 
see figure 2. 

‐ Clean design. 
‐ No hard edges. 
‐ Bright colours. 
‐ Plastic combined with metallic materials. 
‐ Futuristic design. 
‐ Compact design. 
‐ Great human‐machine interface. 
‐ Simplicity. 
‐ Basic forms (cubes, squares etc). 
‐ Glossy surfaces. 
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Figure 2: Example of Apple products 

 

1. Analyzing Apple Design Colours 

When analyzing the past and the present Apple products, when looking at the colours, there are a 
number of key words, see figure 3. 

‐ Bright and clear colours. 
‐ About seven standard colours. 
‐ Past product = bright plastic colours. 
‐ Present product = more dull colours. 
 



 50 

 
Figure 3: Example of Apple colours 
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2. Analyzing Apple Design Materials 

When analyzing the materials being used for Apple design, the materials are plastic combined with 
metal, see figure 4. 

 

 
 

Figure 4: Example of Apple material; Brushed Aluminium (upper left), Brushed Stainless 
Steel (beneath), Apple Chrome (upper right) and Apple Plastic (lowest row). 
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3. Mood Board 

For inspiration, following mood board shows pictures with the same design feeling as Apple design. 
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4. The Conclusion 

Half a century ago, the average American kitchen measured about 80 square feet. Today the average 
American kitchen measures about 225 square feet. It’s not just that kitchens are getting bigger. Our 
whole attitude about them has changed. Once upon a time, the kitchen was a mostly closed‐off room 
where food was prepared before being brought out and served on a dining table. After the dishes 
were washed, the lights were flipped off and the family went elsewhere for the evening. But today’s 
kitchens are designed more like combination living rooms/dining rooms/entertainment centres that 
happen to come with their own stoves and refrigerators. But it is not only the kitchen that gets 
special attention, today the whole house gets a unique design. This means that to be able to create a 
successful product, the product needs to be design in a universal way. The design should fit in most 
homes with very different interior design. For an example, the colours and material should be very 
neutral but at the same time be interesting. It is a paradox that’s hard to achieve. Other products 
that have the same problem are coffee machines, speakers, kitchen appliances, TV’s, etc. 

 

Things to consider: 

• Colour 
• Material 
• Shape 
• Size 
• Interface 
• Interaction 

 

Colour: 

The colours should be around maximum three colours. For example: Black, white, Blue and green, 
see figure 5. 

 

 
Figure 5: Example of colours 
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Material: 

Focus on plastic combined with metal, for example brushed aluminium, chrome or stainless steel, see 
figure 6. 

 
Figure 6: Example of materials 

 

Shape: 

Try to use basic shapes and forms, see figure 7. 

 
Figure 7: Basic shapes 

 

Size:  

Two ways of approach, small or big, see figure 8. 
= standing on a table. 
= standing on the floor. 
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Figure 8: Examples of products standing on floor and products standing on a table. 

 

Interaction: 

Try to improve the interaction by using LED´s for example, see figure 9. 

 
Figure 9: Example of products using LED’s 
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Interface: 

Different LED displays. For example a hidden OLED display, see figure 10. 

 

 
Figure 10: Example of products using OLED display 
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Appendix 15: Concept Classification Tree Calculation 
 

Extract potable water from humidity in the air AM PQ  BU  OD  MM  Total  Weight 

Allow Movability  1 0 0 0 0  1  4%

Provide Quality Water  2 1 2 2 2  9  36%

Be User‐Friendly  2 0 1 0 2  5  20%

Own Design‐Uniqness  2 0 2 1 2  7  28%

Minimize Machine Cost  2 0 0 0 1  3  12%

Summary                 25  100%

 

Allow Movability  PG  MW  MS  SS  Total  Weight  Total Weight

Provide Grip  1 0 0 0 1 6.25%  0.25%

Minimize Weight  2 1 0 0 3 18.75%  0.75%

Minimize Size  2 2 1 0 5 31.25%  1.25%

Optimize Shape  2 2 2 1 7 43.75%  1.75%

Summary              16 100%  4%

 

Provide Quality Water  P2  AP MD GT GS  GH  Total  Weight  Total Weight

Provide 25l/day  1  2 0 0 0 0 3 8.33%  3%

Allow Production below 30% RH  0  1 0 0 0 0 1 2.77%  1%

Maximize Durability  2  2 1 0 0 0 5 13.88%  5%

Good Taste  2  2 2 1 1 1 9 25%  9%

Good Smell  2  2 2 1 1 1 9 25%  9%

Good Hygienics  2  2 2 1 1 1 9 25%  9%

Summary                    36 100%  36%

 

Be User‐Friendly  MH  AE  PS  MN BT  EM  Total  Weight  Total Weight
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Maximize HMI  1  2  0 1 0 2 6 16.66%  3.33%

Admit Ergonomics  0  1  0 0 0 2 3 8.33%  1.67%

Provide Safety  2  2  1 2 0 2 9 25%  5%

Minimize Noise  1  2  0 1 0 2 6 16.66%  3.33%

Be Trustworthy  2  2  2 2 1 2 11 30.55%  6.11%

Optimize Maintenance  0  0  0 0 0 1 1 2.77%  0.55%

Summary                    36 100%  19.99%

 

Own Design Uniqueness  EQ  EB  BU  EM  ES  Total  Weight  Total Weight

Express Quality  1  2 2 2 2 9 36%  10.08%

Express Branding  0  1 0 0 0 1 4%  1.12%

Be Uniform  0  2 1 0 2 5 20%  5.60%

Express Modern/Trendy  0  2 2 1 2 7 28%  7.84%

Express Safety  0  2 0 0 1 3 12%  3.36%

Summary                 25 100%  28%

 

Minimize Machine Costs  FI  EM FS  ME MM  MP  Total  Weight  Total Weight

Facilitate Installation  1  2 2 0 1 2 8 22.22%  2.64%

Enable Maintenance  0  1 2 0 1 1 5 13.88%  1.67%

Facilitate Shipment  0  0 1 0 0 0 1 2.77%  0.33%

Minimize Energy‐Consumption  2  2 2 1 2 2 11 30.55%  3.67%

Minimize Maintenance Costs  1  1 2 0 1 1 6 16.66%  2%

Minimize Production Costs  0  1 2 0 1 1 5 13.88%  1.67%

Summary                    36 100%  11.98

 

Maximize Durability  OV  WW  Total  Weight  Total Weight 
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Optimize Operation in divers climate  1 1 2 50%  2.5%

Withstand Wear and Tear  1 1 2 50%  2.5%

Summary        4 100%  5%

 

Maximize HMI  EF  BI  Total  Weight  Total Weight%

Elucidate Functions  1 1 2 50%  1.67%

Be Intuitive  1 1 2 50%  1.67%

Summary        4 100%  3.34%

 

Admit Ergonomics  SE  BE  AC  LE  Total  Weight  Total Weight

Light Ergonomics  1 2 0 1 4 25%  0.42%

Optimize Weight Ergonomics  0 1 0 0 1 6.25%  0.10%

Be Child friendly  2 2 1 0 5 31.25%  0.52%

Sound Ergonomics  1 2 2 1 6 37.50%  0.62%

Summary              16 100%  1.66%

 

Provide Safety  MSM  MST  PI  Total  Weight  Total Weight

Minimize Spill when Moving  1 0 0 1 11.11%  0.56%

Minimize Spill around Tap  2 1 0 3 33.33%  1.67%

Prevent Injury  2 2 1 5 55.55%  2.78%

Summary           9 100%  5.01%

 

Minimize Noise  MV  MD  Total  Weight  Total Weight 

Minimize Vibration  1 2 3 75%  2.50%

Maximize Damping  0 1 1 25%  0.83%

Summary        4 100%  3.33%
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Express Quality  EW  OU  ES  ER  Total  Weight  Total Weight

Express Water Freshness  1 0 2 2 5 31.25%  3.15%

Own Unique Functions  2 1 2 2 7 43.75%  4.41%

Express Sustainability  0 0 1 2 3 18.75%  1.89%

Express Robustness  0 0 0 1 1 6.25%  0.63%

Summary              16 100%  10.08%

 

Express Branding  EH  EA  OI  ER  Total  Weight  Total Weight

Express Healthiness  1 2 2 2 7 43.75%  0.49%

Express Active Lifestyle  0 1 2 1 4 25%  0.28%

Own Inspiration from Nature  0 0 1 0 1 6.25%  0.07%

Environmentally Friendly  0 1 2 1 4 25%  0.28%

Summary              16 100%  1.12%

 

Express Modern/Trendy  EI  EN  ES  Total  Weight  Total Weight

Express IPod‐Feeling  1 0 0 1 11.11%  0.87%

Allow New Experience  2 1 2 5 55.55%  4.36%

Express Simplicity  2 0 1 3 33.33%  2.61%

Summary           9 100%  7.84%

 

Enable Maintenance  FR  MU  Total  Weight  Total Weight 

Facilitate Reparations  1 1 2 50%  0.84%

Maximize Uniform‐Tools  1 1 2 50%  0.84%

Summary        4 100%  1.68%

 

Minimize Energy Consumption  PA  ME  Total  Weight  Total Weight 
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Provide Alternative Power Supply  1 0 1 25%  0.92%

Minimize Energy Consuming Parts  2 1 3 75%  2.75%

Summary        4 100%  3.67%

 

Prevent Injury  MS  MH  ME  Total  Weight  Total Weight

Minimize Sharp Parts  1 1 1 3 33.33%  0.93%

Minimize Hot Parts  1 1 1 3 33.33%  0.93%

Minimize Extruding Parts  1 1 1 3 33.33%  0.93%

Summary           9 100%  2.79%

 

Express IPod‐feeling  ES  EC  BP  Total  Weight  Total Weight

Express Style  1 1 2 4 44.44%  0.39%

Express Pure Design  1 1 2 4 44.44%  0.39%

Be Personal  0 0 1 1 11.11%  0.10%

Summary           9 100%  0.88%

 

Express Simplicity  OC  BH  Total  Weight  Total Weight 

Own Consistency  1 1 2 50%  1.31%

Be Harmonious  1 1 2 50%  1.31%

Summary        4 100%  2.62%
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Appendix 16: Pugh Matrix 
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Appendix 17: Pump Pressure Calculation 

 
 
The density for LiCl at 45% RH, ρLiCl, is about 1300 kg/m

3 according to tables in appendix X. 

Height, h: 1 m  

Hydrostatic pressure, ph = ρLiCl • g • h = 1300 [kg/m3] • 9.81 [m/s2] • 1 [m] = 12753 kg/ms2 = 12.753 
kPa  

Air pressure, p0 = 101,325 kPa  

Pump pressure, ppump = ptot = p0 + ph = 12.753 + 101.325 = 114.078 kPa ≈ 114 kPa = 1.14 bar  

(hyperphysics.phy‐astr.gsu.edu/Hbase/pflu.html, 2007) 
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Appendix 18: Part Specification 
 
 
In this section, all the physical specifications are discussed. The entire CAD assembly with the bill of 
materials is shown on next page (drawing 1). The Mìmir consists of the following parts: 

• Frame and exterior parts 
- Aluminium frame 
- Wheels x 4 
- Front panel 
- Side panels 

 Air filters 
 

• Absorption chamber 
- Plastic chamber 
- Mist eliminator 

 Plastic net 
- Nozzle 
- Tower packings 

 Plastic mesh 
- Radial fan 

 Air duct 
- LiCl storage tank 
- Circulation pump for absorption chamber 

 
• Heater 

- Immersion Heater 
- Thermo sensor 
- Pressure sensor 
- Heat exchanger 
- Circulation pump 1 for heater 

 Flow rate meter 
- Circulation pump 2 for heater 

 Flow rate meter 
 

• Condenser 
- Condenser piping 
- Water trap 
- Distilled water tank 

 2 x Level sensor 
- Fresh water pump 
- Active carbon filter 
- Fresh water tank 

 Level sensor 
 UV‐lamp 
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• Water dispenser 
- Led diode 
- Solenoid valve 
- Tap 
- Sliding mechanism 
- Hot and cold water switches 

 
• Control unit 

- Lab jack 
- Laptop with Lab view 
- Solid state relays 
- RH sensor 
- Pressure and temperature sensors 

 
• Power transformers 

 
• TFT‐display 

 
• Fittings and pipes 
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Drawing 1: CAD assembly with bill of materials.
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1. Frame and Exterior Parts 

The frame and exterior parts consists of a frame, wheels, front panel and side panels. 

 
1.1 Frame 
 
The frame has the dimensions 1400 x 500 x 400 mm, see drawing 2. It is made of extruded aluminium 
profiles with lengthways slots (see figure 1).  The profile dimensions are 25.4 x 25.4 mm. 

 

 
Figure 1: Extruded aluminium profile 
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Drawing 2: The frame 
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1.2 Wheels 

4 wheels allow the machine to be portable. 

 

1.3 Front Panel 

The  front panel has  the dimensions 1460 x 510 mm, see drawing 3.  It  is made of  transparent blue 
acrylic plastic with a reflective film on the back (see figure 2). The panel thickness is 6.35 mm. 

 

 
Figure 2: Front panel 
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Drawing 3: The front panel 
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1.4 Side Panels  

The side panels have the dimensions 1454mm x 500 mm, see drawing 4. They are made of brushed 
aluminium (see figure 3). The panel thickness is 2 mm. 
 

 
Figure 3: Side panel 
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Drawing 4: The side panel 
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2. Absorption Chamber 

The absorption chamber consists of a plastic chamber, mist eliminator, nozzle, tower packings and a 
fan. 
 
 

2.1 Plastic Chamber 

The plastic chamber is made of acrylic plastic (Lexan) (see Figure) and is vacuum formed from 3 mm 
plastic sheets on LTU, see drawing 5 and 6 for dimensions. The chamber cross‐section is about 0.057 
m2 and the total height is about 765 mm. 
 

 
Figure 4: Plastic chamber 
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Drawing 5: The chamber part 1 



 76 

 
Drawing 6: The chamber part 2 
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2.2 Mist eliminator 

 

For mist elimination has dry tower packings been used, with the total depth 250 mm. A plastic net 
has been used to hold the packings in position.  
 
Model: Hiflow 25‐7   Manufacturer: Rauchert 
 
 

2.3 Nozzle 

The nozzle is a whirl type nozzle characterized by medium atomization (relatively large drops). It 
gives a full cone, 120° spray pattern, see figure 5. 

Model: MP187  Manufacturer: BETE 

 
Figure 1: Nozzle 

 

2.4 Tower packings 

Total absorption depth: 400 mm. A plastic mesh holds the tower packings in position. 
 
Model: Hiflow 25‐7  Manufacturer: Rauschert, see figure 6.  

 

 
Figure 6: Tower packings 
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2.5 Radial fan 

Product number: G2E180EH0301  
Manufacturer: EBMpapst, see figure 7, drawing 7 and table 1.  
 

 
Figure 7: Radial fan 

 

 
Drawing 7: The fan 
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Table 1: Fan performance 

 

2.6 Fan Duct 

90˚ duct to lead air to condenser fins.  
Acrylic. 
 

 
2.7 LiCl Storage Tank 

The LiCl storage tank has the dimensions 350 x 110 x 150 mm. 
 
 
 
2.8 Circulation Pumps 

Three different circulation pumps are used, see figure 8‐10 and table 2. 
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Figure 8: Fresh water tank pump 

 
 

 

 

Figure 9: Pump to Heater 

 
 

 

 

Figure 10: Nozzle pump 
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Pump  Use  Name  Voltage  Max flow 

rate 
Flow rate 

1 

Pumps the 
water to the 
fresh water 

tank 

E‐CHEN 
Diaphragm 
Boost Pump 

230 VAC  1.0 GPM  1.0 GPM 

2 

Pumps the 
solution 

to/from the 
heater 

Aqua King 
Junior 2.0 Fresh 
Water Pump 
Diaphragm 

Pump 

12 VDC  2.0 GPM  0.18 GPM 

3 

Pumps 
solution to 
the nozzle 

Extended‐Life 
Seal less 
Centrifugal 
Pump 

115 VCD  2.0 GPM  2.0GPM 

Table 2: Pump specifications 

 

3 Heater 

The heater consists of a heat chamber, immersion heater, sensors, pumps and a heat exchanger. 
 
 
 
3.1 Heat chamber 

The heat chamber is designed by the team as seen in figure 11.  
Manufacturer: EM Manufacturing, Manteca, CA. 
 
Stainless steel 316  
 
Top wall:      100x300 mm 
Parallel walls:      150x300 mm 
Tilted bottom walls:    70x300 mm 
Short side walls:    Custom made to fit top, parallel and bottom walls 
Total volume:      5 litres 
Heating coil:      2000 Watts 
Mountings:  1/2 inch, threaded (4 on top, 6 on one short sided wall, 2 

on one parallel wall and 2 on one tilted bottom wall) 
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Figure 11: Heat chamber 

 

3.2 Immersion Heater  

The immersion heater is a product from McMaster‐Carr with product no. 3656K346, see figure 12. 
 

 

Figure 12: Immersion heater 

 

3.3 Heat Exchanger 

The  heat  exchanger  has  the  dimensions  315 x 71 x 74 mm  (see  figure  13,  14  and  table  3).  It  is 
manufactured in 316 L Stainless steel. 

 

 

Figure 13: Heat exchanger 
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Two pumps control the flow in and out from the heater: Circulation pump 1 (PumpIN) to the heater 
and circulation pump 2 (PumpOUT) from the heater.  

 
Figure 14: Heat exchanger dimensions 

 

Dimensions  L:  12.4"   W: 2.8"   H: 2.9" 

Ports  3/4" Male NPT 

Heat Transfer Area/Plate  .023 m^2/plate (.24 ft^2/plate) 

Thickness of plates  .3 mm 

Max Flow Rate  1050 g/h 

Channel Capacities  .04 L/channel 

Design pressure  3.0 Mpa to 4.5 Mpa (435 psi to 650 psi) 

Test Pressure  4.5 Mpa to 6.0 Mpa (650 psi to 870 psi) 

Design Temperature  ‐195 ? ~+220 ? (‐319 F ‐ 430 F) 

Max Heat Transfer  5‐25 KW 
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Flow direction  F1‐F3 and F2‐F4 (see diagram above) 

Welding Material  99.9% Copper 

Corrosion Resistance  Will NOT rust under normal usage (regular pH levels) 

Manufacture Material  316L Stainless Steel (9% better heat transfer than 304) 

Applications 
Heat pump system, household type central air conditioning, 
afterheat recycling, refrigeration equipment, industry cold  
water machine, cooleroil and so on 

                  (cgi.ebay.com, 2008)  

Table 3: Heat exchanger specifications 

 

3.4 Sensors and Meters 

Sensors have been used to sense the heater temperature and liquid level in various tanks. The 
product uses following sensors: 

Temperature Sensor 

Temperature Sensor: A universal Temperature probe (Model No. EI‐1034) has been used to monitor 
the temperature inside the heater (see figure 15). 

 

 
Figure 15: The Universal EI-1034 temperature sensor 
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The sensor specifications are: 

Range with 0/5 volt supply:   +10 to +300 °F (‐12 to +150 °C) with the LabJack U12  

Output to LabJack or Meter:   10 mV per °F 

   

Accuracy:     

  +/‐ 0.4°F Typical     Room Temperature  

  +/‐ 1°F Max      Room Temperature   

  +/‐ 2°F Max      0°F to 230°F    

  +/‐ 3°F Max      ‐40°F to 0°F   

  +/‐ 1°F Typical     ‐50 °F to 300 °F   

   

Sensor device in probe:   LM34CAZ   

Cable length:    6 ft supplied max 25 ft user extended  

Probe dimensions:     6 in x 0.25in diameter  

Power:       +4 to 35 VDC at 90 uA  

Output Current:      10 mA  

 

The probe required three connections:  

Red: +5 volts port of LabJack 

Black:  ground port of LabJack  

White: Output signal (AI0 port of LabJack) 

 

The output voltage can be converted into temperature readings using the formulae given below: 

°F = 100*volts  

°K = (55.56*volts) + 255.37  

°C = (55.56*volts) + 255.37 ‐ 273.15  
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Pressure Sensor 

The pressure sensor has been used to gauge the top and bottom liquid level inside the heater. The 
information is used to control the on/off states of the pumps (PumpIN and PumpOUT), thus 
controlling the water flow in and out of the heater. 
 
The sensor used is the Motorola MPX5100D Differential port pressure sensor (see figure 16) The 
datasheet is attached as Appendix 25. Relevant specifications for the sensor are (see table 4):  

 
Characteristic Value 
Operating Temperature -40C to 125C 
Differential Pressure Range 0-100kPa 
Output Voltage 0.2V to 4.7V 
Sensitivity 45mV/kPa 

Table 4: Relevant specifications of the pressure sensor 

 

 
 

Figure 16: The pressure sensor in operation 
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Relays 

Eight relays have been used to control various electrical components used in the system. Depending 
on the power rating of the device, the relay output is either DC or AC (see figure 17). The output 
power rating of the relays also vary based on the device requirement. The specifications of the relays 
are (see table 5):  

Relay  Type  Input  Output  Controls 

Cosmo KSD240AC8  SS, DC/AC  4‐32 V DC  240V AC @ 40A  Heater 

Cosmo KSD240AC8  SS, DC/AC  4‐32 V DC  240V AC @ 40A  UV Light  

ECE S‐2181  SS, DC/AC  3‐32 V DC  24‐240V AC, 10A  Chamber Pump 

ECE S‐2181  SS, DC/AC  3‐32 V DC  24‐240V AC, 10A  Fan 

Kyoto KF0604D  SS, DC/DC  3‐32V DC  60V DC @ 4A  PumpIN 

Kyoto KF0604D  SS, DC/DC  3‐32V DC  60V DC @ 4A  PumpOUT 

Kyoto KF0604D  SS, DC/DC  3‐32V DC  60V DC @ 4A  Filter Pump 

Kyoto KF0604D  SS, DC/DC  3‐32V DC  60V DC @ 4A  Dispenser Valve 

SS: Solid State 

Table 5: Specifications for the relays 

 

 

 

(a) 

(b)  (c) 

Figure 17: (a) Cosmo DC/AC SS Relay, (b) ECE DC/AC SS Relay and (c) Kyoto 
DC/DC SS Relay 
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Level sensor 

The level sensors are vertical mount switches, normally off. There are two sensors in the distilled 
water tank and one sensor in the fresh water tank. 
 
Model similar to McMaster – Carr, Product nr: 50195K65, see figure 18. 

 

Figure 18: Level sensor 

Dispenser Control System 

The dispenser control system consists of a valve, two LEDs (for hot and cold water each) and two 
buttons, see figure 19. Figure 20 shows a schematic of the circuit diagram for the dispenser control. 

 
Figure 19: The Dispenser system. The LED buttons are on the top panel of the User 

Control. 
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Figure 20: Schematic of the Dispenser control System. The valve has not been connected 

to the hot water switch (Red) as the hot water function was not implemented 

 

Flow Rate Meter 

Acrylic flow meter from McMaster‐Carr, Product n0. 4350K41 (see figure 21). 

 
Figure 21: Flow meter 
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4 Condenser System 

The condenser system consists of a condenser, water trap, distilled water tank system, water pump, 
active carbon filter and a fresh water tank (see figure 22). 

 

4.1 Condenser 

The condenser is manufactured using copper pipes and heat sinks . Its specifications are: 

• 5 flanges, McMaster‐Carr, Product nr: 8717T13 
• Copper pipe construction (350 mm high and 150 mm wide) 
• Flanged aluminium pipe (1 meter long) 
• Water trap 

.  

Figure 22: The Condenser system 

 
4.2 Water Tank 

The water tank is manufactured in acrylic plastic with the dimensions 160 x 150 x 160 mm.  
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5. Dispenser System 

The water dispenser system consists of a LED (Light emitting diode) tap (see figure 23). 
 

 
Figure 23: LED tap 

The  system  also  has  a  solenoid  valve,  a  sliding mechanism  (see  figure  24)  and  hot &  cold water 
switches to provide the water to the user.  

 

 
Figure 24: Sliding mechanism 

6. Power Supplies 

Variac or variable transformer (for absorption chamber fan): used to control voltage input to fan 
between 0‐240VAC) 

Company:    Powerstat 

Model:    3PN1168 

Current:    10A 

Voltage:    0‐140V 
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Transformer (for Variac): used to convert 120VAC supply to 240 V (feeds power to the variac) 

Company:    Voltage Valet 

Model:    TGC500 

Step up:    120V to 240V, 60 Hz 

Step down:    240V to 120V, 50 Hz 

Max output:  500W 

Power supply (pump into heater): 

Company:    BK Precision 

Model:    1670A DC 

Current:    5A 

Voltage:    0‐30V 

Power supply (pump from heater):   

Company:    BK Precision 

Model:    1670 DC 

Current:    3A 

Voltage:    0‐30V 

7 Pipes and Fittings 

Pipes: 

Silicon 3/8”, 1/2” for hot solution 

PE 3/8”, 1/2” for cold solution 

Fittings (see figure 25): 

PE 3/8”, 1/2”  

 

Figure 25: 90˚ Elbow adapter 
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Appendix 19: Filter Technology 
 
 

1. Filters 
 
Several different processes of varying effectiveness can be used to purify the inlet air. Different 
processes may remove different contaminants, so there is advantage in using more than one process 
in a purifier/AWG (air water generator).  Filter‐based purification traps airborne particles by size 
exclusion. Air is forced through a filter and particles are physically captured by the filter. For different 
filter technologies look below. 
 
 
1.1 HEPA-Filter, High Efficiency Particulate Air Filter 
 
HEPA filters can, by definition, remove at least 99.97% of 0.3‐micrometer particles, and are usually 
more effective for particles which are larger or slightly smaller. They are effective down to 0.01 
micrometers in many cases, but become very ineffective for particles smaller than 0.01 micrometer. 
In dusty environments, a HEPA filter may follow an easily cleaned conventional filter (prefilter) which 
removes coarser impurities so that the HEPA filter does not need to be changed or cleaned 
frequently 

 
Figure 1: HEPA filters  

 

1.2 MERV, Minimun Effiency Reporting Value Filter 
 

MERV, is a number from 1 to 16 that is relative to an air filter’s 
efficiency. The higher the MERV, the more efficient the air filter is 
at removing particles. At the lower end of the efficiency spectrum 
a fibreglass panel filter may have a MERV of 4 or 5. At the higher 
end, a MERV 14 filter is typically the filter of choice for critical 
areas of a hospital (to prevent transfer of bacteria and infectious 
diseases). Higher MERV filters are also capable of removing higher 
quantities of extremely small contaminant (particles as small as 
1/300 the diameter of a human hair). A higher MERV creates more 
resistance to airflow because the filter media becomes denser as 
efficiency increases. For the cleanest air, a user should select the 
highest MERV filter that their unit is capable of forcing air through 
based on the limit of the unit’s fan power. 

Figure 2: MERV filter  
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1.3 Activated Carbon Filters 
 
Activated carbon is a highly porous material that can absorb volatile chemicals on a molecular basis, 
but does not remove larger particles. It is normally used in conjunction with other filter technology, 
especially with HEPA. Can efficiently remove VOCs (Volatile organic contaminants), chemicals, and 
strong odours from the air. Other materials also can absorb chemicals, but at higher cost. VOCs are 
organic chemical compounds that have high enough vapour pressures under normal conditions to 
significantly vaporize and enter the atmosphere. 
 
Many VOCs found around the house, such as paint strippers and 
wood preservatives, contribute to sick building syndrome 
because of their high vapour pressure. VOC's are often used in 
paint, carpet backing, plastics, and cosmetics. The United States 
Environmental Protection Agency (EPA) has found concentrations 
of VOCs in indoor air to be 2 to 5 times greater than in outdoor 
air. During certain activities indoor levels of VOCs may reach 
1,000 times that of the outside air.  
 

 

 

1.4 Absolute Filter 
 
An absolute filter is a filter capable of cutting off 100% by weight of solid particles greater than a 
stated micron size. Generally absolute means 100% removal of solids above a specified micron size 
by use of absolute filter. Absolute filters are suitable for applications where a far‐reaching disposal of 
sub micron substance particles is required or where one has to do with toxic or dangerous substance 
particles. They can be used as a last step of a substance disposal system, after for example 
electrostatic or cloth filter. Absolute filters are used a lot for inside air filtration and at places where a 
high air quality is necessary, for example in operation chambers of hospitals or in production spaces 
in pharmaceutical, photographic and the electronics sector. The filter comes in a variety of different 
filters, such as HEPA and ULPA for an example. 

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Active carbon filter  

Figure 4: Absolute filter  
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2. Demister Filters 
 
To prevent mist from leaving the machine via the outlet air several types of demister filters can be 
used. 
 
2.1 Lamella Shaped Filter 
 
By using the fact that the inertia in small water drops is higher than the inertia of air. This relation 
makes it possible to separate the small drops from the air in the drop separator. When separated the 
design uses gravity for returning the drops to the machine.  

 
Figure 5: Lamella shaped filter 1 

 

 
2.2 Moisture Filters 

 
A moisture filter is a device which removes contaminants from an air stream. This can be done using 
a number of different techniques, from using a "media" type that traps particulates, but allows air to 
pass through to a venture, to a membrane that only allows air to pass through. 

 
Figure 6: Moisture filter  
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3. Purifying and Filtering Collected Water 
 
Water can be purified by a number of processes, reverse osmosis, carbon filtration, micro porous 
filtration, ultra filtration, ultraviolet oxidation, or electro dialysis and distillation. 
 
 
3.1 Distillation Process 
 
Distilled water has virtually all of its impurities 
removed through distillation. Distillation involves 
boiling the water and then condensing the steam 
into a clean container, leaving nearly all of the 
solid contaminants behind. Two different forms 
of distillation is continuous distillation and batch 
distillation. Continuous distillation is an ongoing 
separation in which a mixture is continuously 
(without interruption) fed into the process and 
separated fractions are removed continuously as 
output streams as time passes during the 
operation. Batch distillation is where the 
mixture is added to the unit at the start of the 
distillation, distillate fractions are taken out 
sequentially in time (one after another) during 
the distillation, and the remaining bottoms 
fraction is removed at the end. Batch distillation 
is often used when smaller quantities are 
distilled. In a continuous distillation, each of the 
fraction streams is taken simultaneously 
throughout operation; therefore, a separate exit point is needed for each fraction. Although it is 
possible to run a small‐scale or laboratory continuous distillation, most often continuous distillation 
is used in a large‐scale industrial process. 
 
3.2 Reverse Osmosis 
 
Reverse osmosis (RO) is a separation process that uses pressure to force a solution through a 
membrane that retains the solute on one side and allows the pure solvent to pass to the other side. 
More formally, it is the process of forcing a solvent from a region of high solute concentration 
through a membrane to a region of low solute concentration by applying a pressure in excess of the 
osmotic pressure. This is the reverse of the normal osmosis process, which is the natural movement 
of solvent from an area of low solute concentration, through a membrane, to an area of high solute 
concentration when no external pressure is applied. The membrane here is semi permeable, 
meaning it allows the passage of solvent but not of solute. This process is best known for its use in 
desalination (removing the salt from sea water to get fresh water), but it has also been used to purify 
fresh water for medical, industrial and domestic applications since the early 1970s. 
 

 
 
 
 

Figure 7: Distillation process  
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4. Water Chamber Filtration 
 
To prevent bacteria and virus growth within  the chamber and keep  the water  fresh, an Ultraviolet 
(UV)  filter  will  be  placed  in  the  water  chamber.  UV  light  is  electromagnetic  radiation  with  a 
wavelength shorter than that of visible light, but longer than soft X‐rays. 
 

4.1 UV – Filters 
 
UV filters are able to kill the majority of bacteria and viruses in the water which passes through them. 
However, they won't remove chemical pollutants from the water. UV filters use high frequency light 
to irradiate water through a glass element. Water passing the element is exposed to the light, which 
kills all living organisms. 

 

 
 

Figure 8: UV spectrum  
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Appendix 20: Front Panel 
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Appendix 21: Side Panels 
 

 




