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Sammanfattning 

Detta examensarbete är ett produktutvecklingsprojekt som är framtaget för Electrolux. Projektet 

var ett samarbete med Kungliga Tekniska Högskolan, Lunds Universitet och Electrolux avdelning 

Healthy Home.  

 

Målet med projektet var att ta fram ett konceptförslag till Electrolux på en produkt med avsikt att 

kyla en person, ett koncept som kallas ”Personal cool”. Projektet avser kylning av en individ, med 

kylning i detta fall menas att sänka temperaturen för att uppnå en ökad komfort för användaren. 

Konceptet hade som avsikt att beakta genomförbarhet samt användarvänlighet. Det framtagna 

konceptet skulle vara möjligt att producera inom 3-4 år, därför skulle existerande teknik och 

befintliga komponenter användas. För att uppnå målet att leverera ett konceptförslag till Electrolux 

hade projektet som avsikt att besvara följande forskningsfrågor: 

 

Vilken teknik kan integreras i konceptet ”Personal cool”? Vilka huvudsakliga komponenter kan 

identifieras för den valda tekniken? Vilka är kraven för en ”Personal cool”? 

 

Projektet innehöll olika steg och metoder för att uppnå det levererade resultatet. Aktiviteter så som 

efterforskningar, marknadsundersökning, enkätstudie, konceptutveckling, beräkningar, prototyper 

samt CAD-modeller gjordes. Kundernas behov och krav sammanställdes och sammanslogs med 

de givna projektkraven satta av Electrolux. Det resulterande i en kravspecifikation som användes 

för att utvärdera de identifierande teknikerna samt koncepten. Resultatet blev att använda sig av 

Peltier -moduler som teknik i konceptet. Komponenterna som identifierades var Peltier -moduler, 

kylflänsar och fläktar. Dessa valdes efter beräkningar för att fastställa kapaciteten.  

 

Målet med projektet är uppnått och forskningsfrågorna är besvara, därav anses resultat av projekt 

vara framgångsrikt. Det framtagna konceptet på en ”Personal cool” innefattar vald teknik, 

huvudkomponenterna så väl som inre- och yttre design. Avslutningsvis kan konstateras att 

projektet bidrar till ett innovativt koncept för Electrolux, då denna produktkategori och teknik inte 

innefattas inom området på avdelningen Healthy Home.   
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Abstract 

This master thesis project within product development is established for Electrolux. The project 

was a collaboration between the Royal Institute of Technology, Lund University and Electrolux 

department Healthy Home. 

 

The goal with this project was to deliver a concept proposal for Electrolux on a product with the 

purpose to cool one individual, a concept called “Personal cool”. The project concerns the cooling 

of one individual, cooling in this case meaning to lower the temperature to achieve a greater 

comfort for the user. The concepts should consider feasibility as well as usability. The developed 

concept should be able to be produced within 3-4 years. In order to deliver a feasible concept 

within the project scope, the developed concept should use existing technologies and components. 

To achieve the set goal, to deliver a concept proposal for Electrolux, the project’s intention was to 

answer the following research questions:  

 

What technology could be integrated in a personal cool? Which main components can be identified 

for the chosen technology? What are the requirements for a personal cool? 

 

The project included various stages and methods to achieve the delivered result. Activities such as 

research, market analysis, consumer survey, concept development, calculations, prototypes and 

CAD-models were implemented. The customer needs and desires were collected and combined 

with the given project requirements set by Electrolux. The outcome of this resulted in a 

requirement specification, which was used to eliminate the identified technologies and the 

developed concepts. The result was to use Peltier Modules as the technology to generate cold for 

the concept. The main components were identified to be Peltier modules, heat sinks and fans. 

These were selected after performance calculations. 

 

The goal was achieved and the research questions are answered. The results of this project are 

considered to be successful. The developed concept of a Personal cool includes the selected 

technology, the main components as well as internal and outer design. Finally, it can be concluded 

that this project contributes to an innovative concept for Electrolux, when this product category 

and technology is not existing within the department, Healthy Home, at Electrolux.  
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NOMENCLATURE 

 

AC   Air Conditioner 

 

BTU  British thermal unit. A ratio of Cooling/Heating Capacity measured in 

BTU 

 

CAD   Computer-Aided Design 

 

COP  Coefficient of Performance. A ratio of Cooling/Heating Capacity in watts  

 

KTH Kungliga Tekniska Högskolan (Royal Institute of Technology) 

  

PCM   Phase change material 

 

Personal cool  The definition of personal cool for this project is “the cooling of one 

individual”. Most products have the target to cool an entire environment, 

this concept should focus on cooling the person instead of the entire room, 

called personal cool.  

 

Seeback effect Seeback effect is the results when two wires made from different metals 

are joined at both junctions, form a closed circuit and one of the ends is 

heated.  As a result of the applied heat a current flows continuously in the 

circuit.  The Seebeck effect is named after Thomas Seebeck, who made 

this discovery in year 1821 (Cengel, Turner, & Cimbala, 2008). 
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1. INTRODUCTION 

The introduction describes the background of the thesis and presents the problem description. The 

goal and research questions are stated, as well as the delimitations and the method used to 

implement this presented project. 

1.1 Background and problem description 

Electrolux has decided to developing a new type of product that has the project title “Personal 

Cool”. Traditional air conditioners (AC) are mounted permanently or placed in for example a 

window, ceiling or on a wall with the main function to cool a room and an indoor environment. 

The idea with the “Personal Cool” -project is to develop a new product with the main purpose to 

cool the consumer, instead of the entire environment, during different scenarios. Consumers 

should hypothetically be able to bring this product to different locations and use it during various 

situations. The development of products and the market in which they exist is constantly moving 

forward. At the same time society is becoming more and more in motion which increases the 

demands on products. Electrolux believes that this product is the future and expect it on the market 

in a couple of years. The company predicts that this product is the next stage to expand their current 

product family in the area Healthy Home, where this concept hopefully would fill up the existing 

gap. 

 

In the current situation there is inadequate material available on what kind of consumers are 

included in the target group, what the customers desire, need or what problem this new product 

will solve. Electrolux has seen that products within the range of personal cool have entered the 

market and want to investigate their possibilities to develop a concept within this range. Electrolux 

does not know what technology they want to integrate into this future concept.   

 

When Electrolux implements projects, they cooperate and work in form of a triangle. This 

threesome consists of one person from marketing, one from advanced engineering and one from 

design. These functions can be seen as the projects steering group. This project will have the same 

approach and will also be supported by these three people from different departments.  

1.2 Goal and Objective 

The goal with this project is to deliver a concept proposal for Electrolux on a product with the 

purpose to cool one individual, a concept called personal cool. The concepts should consider 

feasibility as well as usability and should include the essential main components that are needed 

for the defined requirements, dimensions, performance and possible placements.  

 

This project will deliver a first concept in an early stage of a product development design process, 

the intention is that Electrolux will continue to work with the concept proposal, make final 

construction and performance tests. The delivery will be in form of a CAD-model including outer 

design, interaction and placement of the main inner components. A prototype of the concepts 

housing will be delivered to Electrolux, to create an understanding of the concept feeling and size. 
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Research about what technologies would be possible to apply for this concept will be performed. 

Electrolux always have the consumer in focus, making it important to develop products with a 

purpose to meet the consumers’ needs.  

 

In order to reach the set goal to deliver a concept proposal for Electrolux on a product with the 

purpose to cool one individual, a concept called personal cool, the following research questions 

need to be investigated; 

 

 What technology could be integrated in a personal cool? 

 

 What main components can be identified for the chosen technology? 

 

 What are the requirements for a personal cool? 

1.3 Delimitations 

The developed concept should be producible within 3-4 years. In order to deliver a feasible concept 

within the project scope, the concept should use existing technologies and components. The 

concept will be delivered at an early stage in the product development process and the defined 

parameters and characteristics need to be further tested to be finalized.  

The concept should fit Electrolux premium range of products, therefore the manufacturing price 

as well as the market price will not be considered during the development of this concept.   

The developed concept will focus on the housing, components and their placements. How the 

electronics are connected in the developed concept will not be delivered in detail.   

1.4 Target group  

A product for cooling one person can be used almost worldwide during some periods of the year. 

Hence, the market for this concept could be the global market. However, during the project 

implementation a decision is made to limit the target group to Europe, this is done in collaboration 

with Electrolux with the motivation that households in warmer countries mostly have air 

conditioners mounted in the living areas, which may reduce the need for personal cooling. 

 

The concept is developed to correspond to Electrolux premium products. This refers to the design 

expression, materials and price range. What the consumers’ request is not defined by Electrolux, 

however what the customers desire and need are examined. 
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1.5 Introducing Electrolux 

Electrolux is a global leader in home appliances and appliances for professional use, with products 

ranging from washing machines, dishwashers, air conditioner, vacuum cleaners, refrigerators and 

small domestic appliances. The focus is on innovation with thoughtful design that is based on 

consumer insights and company’s vision is to be the best appliance company in the world as 

measured by customers, employees and shareholders. To achieve its vision, Electrolux’s strategy 

is to work with profitable growth, innovative products, operational excellence, people and 

leadership (Electrolux, Electrolux Annual Report 2014, 2014). 

 

“Our vision is to be the best appliance company in the world as 

measured by customers, employees and shareholders”. 

 

The history of Electrolux started in 1901 when AB lux was founded. Around two decades later, in 

1919, a cooperation between AB lux and Axel Wenner-Gren initiates and the first vacuum cleaner, 

Lux 1, was launched and Electrolux was founded. Thereafter Electrolux became listed on the 

London Stock Exchange and eventually on the Stockholm Stock Exchange. Electrolux headquarter 

is located at Stadshagen, in Stockholm, Sweden (Electrolux, Electrolux Annual Report 2014, 

2014). 

 

The consumer driven product development process is a key factor for Electrolux (Electrolux, 

Electrolux Annual Report 2014, 2014). Within the company, the department of design, R&D and 

marketing collaborate to make sure that all important factors are taken into account during the 

whole process, leading to insights about the consumer and the market (Alexanderson, 2015). The 

result of this approach is that the product can reach the market quickly and becomes desired by 

more consumers (Electrolux, Electrolux Annual Report 2014, 2014). 

 

Electrolux’s products are divided in four categories named; Kitchen, laundry, small appliances and 

adjacent product categories, a selection of products are presented in Figure 1-2. The sales in 2014 

were as high as 112 billion SEK (Electrolux, Electrolux Annual Report 2014, 2014). In Figure 1-

1 the share of group sales is presented. Electrolux Group have around 60 000 employees and they 

sell beyond 50 million products to consumers’ worldwide in more than 150 countries (Electrolux, 

Electrolux Annual Report 2014, 2014). 

 

 
Figure 1-1, Share of group sales (Electrolux, Electrolux Annual Report 2014, 2014). 

 

Kitchen; 64%

Laundry; 18%

Small appliances; 8%

Adjacent product 
categogories; 10%

Kitchen

Laundry

Small appliances

Adjacent product categogories
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Electrolux’s core markets are Western Europe, North America, Australia, New Zeeland and Japan. 

Some of the brands in the Electrolux Group are Electrolux, Zanussi, AEG, Frigidaire, Eureka and 

Electrolux Grand Cuisine (Electrolux, Electrolux Annual Report 2014, 2014). 

  

Products developed within the Healthy home area are included in the Electrolux’s adjacent 

product category. Regarding products for air conditioning, Electrolux are among the market 

leaders and have a strong position in US, Brazil and Australia. On the European market the 

company has started to sell air conditioners, heat pumps, dehumidifiers under the Zanussi brand 

in the mass-market segment and in the premium segment as the Electrolux brand (Electrolux, 

Electrolux Annual Report 2014, 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-2, Presenting a selection of Electroluxs products (Electrolux, Electrolux AB, 2015) 
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1.6 Methodology 

The method applied during this project was based on the product development process, from the 

book Product Design and Development (Ulrich & Eppinger, 2008). They describe product 

development as follows; “Product development is the set of activities beginning with the 

perception of a market opportunity and ending in the production, sale and delivery of a product” 

(Ulrich & Eppinger, 2008, p.2). Some modifications and adaptions were done to adapt the process 

for this project. The main focus was on the concept development phase, the front-end. The process 

for this project is illustrated in Figure 1-3.  

 

 
Figure 1-3, The process/activities for this project 

 

To succeed with a project and reach a good result it is crucial to make a fundamental pre-study 

(Ullman, 1997). A Gantt-schedule was made, see Appendix A. Background research was made in 

the beginning of the project including research on relevant areas through a literature study, 

conversations and discussions with professors at KTH and employees at Electrolux. Heat transfer, 

thermal comfort, research on air care and identified technologies are presented in Chapter 2 and 3. 

 

A market analysis was performed, the competitors and existing products with similar functions or 

purpose as the product that was going to be developed were analyzed. A comparison of the 

identified products was done in form of quadrant chart, which was used to find areas of 

opportunities. Benchmarking and disassembles were made on the most interesting products 

identified on the market.  

 

To identify the consumer needs, a brainstorming session was done. Consumer scenarios were 

created to cover different consumers and situations where a personal cooler could be used. The 

consumer scenarios were used in a consumer survey, to evaluate and identify consumer needs and 

behavior. The survey was an online survey made with help of the program Google Consumer 

Surveys (Google, 2015).   

 

Concept ideas were generated and developed by brainstorming, discussions, analyzing previous 

findings and by a concept workshop.  

 

Areas of opportunities and the project specification were identified by studying the insights from 

the consumer survey and previous research. Which in turn specified the project and a requirement 

specification was made. The output of this stage was a list of different requirements, including 

consumer needs and the initial brief from Electrolux. The specification include relevant needs that 

are comparable with details, reflect consumers’ need and be technically realizable (Ulrich & 

Eppinger, 2008). 

Background

research

Market 
analysis

Consumer 
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Concept 
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Project 
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The method used for eliminate technologies was an elimination matrix (Johannesson, Persson, & 

Pettersson, 2004). The evaluation was done against the requirement specification, to investigate 

which of the technologies that fulfilled the requirements in the best way.  

 

When the elimination of technologies was done, further concepts were developed by brainstorming 

and sketching. This step contained several iterations before the final concept was identified. 

Models on some of the concept were created to make the decision phase easier. These models were 

used to visualize the concepts in a clearer way and were tested in different scenarios.  

 

The final concept, including the inner system was developed and specified. Calculations were done 

in order to identify the parameter values that were needed for the specified performance of the 

system. Some of the parameters were defined through benchmarking tests, air flow and 

temperature test. The main components needed for the system were selected based on the 

calculations.  

  

The final concept was developed and constructed with help of the computer-aided design (CAD) 

CATIA V6 (Dassault Systèmes, 2012). To visualize the final concept physically, a model in a 

scale 1:1 was build. The final concept is described and the interactions are presented.  
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2. FRAME OF REFERENCE 

This chapter summarizes research essential for the project and the product development 

implementation. Theory about heat transfer and thermal comfort are presented as well as research 

on air care. The purpose is to gain an understanding of the background of cooling; how heat and 

cool behave and are perceived.   

2.1 Methods to achieve low temperatures  

Refrigeration is used to decrease the temperature of a substance below the temperatures of the 

other surroundings. To make it possible to decrease body temperature, internal energy must be 

removed in order to cool the body (Cengel, Turner, & Cimbala, 2008). The most commonly used 

methods to do this are by change of phase of a material, endothermic processes or by thermal 

processes (Granryd, et al., 2009). 

 

Change of phase involves melting, boiling and sublimation of a material. The heat used in such 

processes is what generate the refrigeration effect. Endothermic processes is for example a 

chemical reaction generated by mixing different chemical, or by an electric process or even by a 

magnetic phenomenon. A thermal process is when there is a temperature decrease by adding work 

(Granryd, et al., 2009).  

2.2 Heat Transfer Theory 

Heat can be described as the form of thermal energy, transferred between two systems or a system 

and its surroundings, because of different temperatures. The temperature differences between 

systems is the driving force for heat transfer, and there cannot be any heat transferred if they have 

the same temperature. Heat can be transferred in three ways: conduction, convection or radiation 

(Cengel, Turner, & Cimbala, 2008). 

 

Conduction is the energy transfer through a stationary solid or a fluid (Incropera, DeWitt, Begman, 

& Lavine, 2011). Convention is the transfer of energy between a solid surface and a nearby liquid 

or gas that is in motion, involving the combined effects of fluid motion and also conduction 

(Cengel, Turner, & Cimbala, 2008). Energy or heat transfer that include change of phase of a liquid 

or a material are also convection. Heat transfer though convection can be categorized by the flow, 

forced convection when the flow is generated by external sources for example by a fan or free 

convection when the flow is natural due to density differences, temperature variations between the 

media (Incropera, DeWitt, Begman, & Lavine, 2011). Radiation is the energy transfer caused by 

the emission of electromagnetic waves (Cengel, Turner, & Cimbala, 2008).  

 

The first law of thermodynamics states that energy cannot be created, decreased or increased in a 

system during a process. But energy can change from one form to another while the amount of 

energy stays constant which is called the conservation of energy principle or energy balance 

(Cengel, Turner, & Cimbala, 2008), meaning that the change in internal energy in a system is 

equivalent to the heat added to the system minus the work created by the system (Cengel, Turner, 

& Cimbala, 2008): 
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∆𝐸𝑠𝑦𝑠𝑡𝑒𝑚 = 𝑄 − 𝑊 

 

Where: 

∆Esystem, is the change in total energy stored within the system 

Q, is the heat transferred to the system  

W, is the work done by the system 

 

The first law of thermodynamics refers to total energy, mechanical energy and internal energy 

(Incropera, DeWitt, Begman, & Lavine, 2011). The internal energy consists of latent energy and 

sensible energy, called thermal energy. The latent energy corresponds to change of phase, for 

example melting (material goes from solid to liquid) or vaporization (material goes from liquid to 

vapor). If a material changes from liquid to vapor, the latent energy will increase and if the material 

goes from liquid to solid there is a decrease in the latent energy. The sensible energy is the one 

connected with change in temperature (Incropera, DeWitt, Begman, & Lavine, 2011).  

 

The second law of thermodynamics states that the operating energy, E, must be used to enable the 

system to transfer energy from low to high temperatures. The combination of heat transfer to the 

system, Q, and the operating energy, E, create the following formula, resulting in the coefficient 

of performance, COP (Granryd, et al., 2009): 

𝐶𝑂𝑃 =
𝑄

𝐸
 

 

Work, in form of energy created by a system to change the temperature is defined as cooling 

capacity during this project. This is most commonly measured in Watt, W. However, British 

thermal unit, BTU, is also used on products on the market.  

2.3 Thermal comfort 

Thermal comfort is defined as “that condition of mind that expresses satisfaction with the thermal 

environment and is assessed by subjective evolution” according to ASHRAE and ISO 7730 

(Commitee, 2004). A person’s perception of thermal comfort is individual and depends on the 

amount of heat that is exchanged between the environment and the person. The amount depends 

on a number of factors like for example air temperature, humidity, the person’s activity, age, 

gender and size (Havtun & Bohdanowicz, Sustainable Energy Utilisation, 2013). 

 

There are many factors that need to be taken into account when defining thermal comfort and 

designing products with purpose to create thermal comfort. The six main aspects are: 

 

 Metabolic rate 

 Clothing insulation 

 Air temperature 

 Radiant temperature 

 Air speed 

 Humidity 
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In a human body, heat is generated in two categories. One is by metabolic activities, which is when 

the body breaks down food and organic substances that are stored in fat. The other category is 

mechanical work, which is when heat is created in the human body from muscle activities. 

Metabolic activity is described as heat generation per unit of body surface, Du Bois area, AD, and 

are measured in W/m2. To calculate the Du Bois area of one specific person, the person’s weight 

and height is needed. An average adult has a Du Bois area, AD, of 1.8 m2 (Havtun & Bohdanowicz, 

Sustainable Energy Utilisation, 2013). 

 

𝐴𝐷 = 0,202𝑀0,425𝐻0,725 

 

Where: 

M, is the body mass [kg] 

H, is the body height [m] 

 

The most common activities related to the home environment are listed below, see Table 2-1. 

These numbers are approximations and vary between individuals. However the table is intended 

to give an idea of how much heat a person generates during different activities (Havtun & 

Bohdanowicz, Sustainable Energy Utilisation, 2013). 

 
Activity                                                                   Heat generation, W/m2  Heat generated for one person, 

     W, (AD = 1.8 m2)  

Sleeping                                                                  40     72 W (246 BTU) 

Seated, quit    60    108 W (369 BTU) 

Walking (1.2 m/s)           150    270 W (921 BTU) 

Cooking     100    180 W (614 BTU) 

Washing dishes, standing   145    261 W (890 BTU) 

Housecleaning    150    270 W (921 BTU) 

Writing     60    108 W (369 BTU) 

Reading, seated    55    99 W (338 BTU) 

 

Table 2-1, Activities and the amount of heat generated  

 

The definition of clothing insulation is dependent on the person’s clothes which makes it hard to 

determine a general value for this factor due to broad variation of clothing, styles and fabrics. 

Insulation meaning the resistance to sensible heat transfer that is provided by the entire clothing. 

This factor is also related to the heat transfer from a person’s entire body and therefore also the 

parts that are not covered by clothing (ASHRAE Handbook - Fundamentals (SI), 2005) 

(Commitee, 2004). This factor is not going to be considered during this project, but it is important 

to take into account that clothes affect the product efficiency. 

 

The optimal air temperature for thermal comfort is between a broad range of 20 to 27 degrees 

Celsius (Havtun & Bohdanowicz, Sustainable Energy Utilisation, 2013). The definition of air 

speed is the rate of air that is moving at a point (Commitee, 2004). Humidity ratio is the ratio 

between the water vapor and the mass of dry air in a given volume (Commitee, 2004).  
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2.4 Research on air care 

Several internal reports from Electrolux were studied and analyzed to create an understanding of 

Electrolux’s consumers and their opinions about the air care area. Portable AC, is something that 

is referred to in the following sections. A Portable AC, is a portable air conditioner product with 

all components assembled in one unit. The unit can be standing on the floor and does not need to 

be fixed, mounted in a home. A portable AC works in the same way like a wall mounted AC, but 

since the entire unit is indoors, it requires an exhaust air outlet to remove the heat. The exhaust air 

house is connected to the outside, commonly through a window or a door. 

 

The analysis shows that there is no clear market leader among the air conditioner brands. 

Consumers’ image of Electrolux is that they set the standard in appliances for the home 

environment, compared to other brands in the air care sector. Furthermore, consumers indicate that 

the brand has a good heritage. The consumers’¸ nevertheless, do not associate the brand with 

modernity or innovativeness regarding air care (Electrolux, Electrolux Air Care U&A, Global 

presentation, 2013). 

 

Research shows that the most important consideration when purchasing an air conditioner unit is 

the reliability, closely followed by cost of running, easy to operate and quiet when operating. 

Reliability in this case means that the appliance will be reliable and last long (Electrolux, 

Electrolux Air Care U&A, Global presentation, 2013). 

 

When it comes to portable AC, the consumers especially appreciate the mobility and the portability 

of the unit, which is significantly higher compared to other types of ACs (Electrolux, Portable Air 

Conditioners - Attitude & Usage Study, 2011).  

 

“Portable is easier to move from room to room. We have a large family of 6 so we are not all in 

the same room at the same time” (Electrolux, Portable Air Conditioners - Attitude & Usage Study, 

2011). 

 

Two further important factors are low noise and that the unit operates quietly. The noise that 

bothers the consumers the most is the loud compressor and motor noise. The fan blowing noise is 

also one thing which the consumer think is bothersome (Electrolux, Portable Air Conditioners - 

Attitude & Usage Study, 2011). 

 

The energy efficiency and the environmental aspect are important for the consumers. However, 

the energy efficiency is not as substantial when it comes to a portable unit compared to other types 

of AC. People who decide not to purchase a portable AC base their reasons and decisions on the 

cost, that they do not work well and that they do not want to give up floor space. The things that 

the consumers mostly dislike with their portable unit are the design, they think it is bulky and takes 

up space. These aspects regarding the appearance are significant higher on portable AC’s, 

compared to other types of AC’s (Electrolux, Portable Air Conditioners - Attitude & Usage Study, 

2011). 

 

“Didn’t really have the open space to store it in the room on the floor” (Electrolux, Portable Air 

Conditioners - Attitude & Usage Study, 2011). 
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On the other hand, besides keeping the consumer cool the fourth most appreciated consideration 

is the size, shape and weight. 

 

Air conditioner owners’ usage behaviors vary between different countries in Europe; what 

functions they use in their product, how they use it, in which situations and where they use it. This 

is partly due to climate, but also habits. 31% out of 639 persons living in Spain that owns a unit 

use their unit equally for cooling and heating. Although the statistic show that only 12% out of 

191 persons living in the UK use it for both cooling and heating. The difference may be due to 

their living conditions, however it clearly shows that there is a need for both heating and cooling 

the environment (Electrolux, Electrolux Air Care U&A, Global presentation, 2013). 

 

Outcome from the research  

Several important findings were identified. The consumers do not associate Electrolux with 

modernity and innovativeness as a brand in air care, which is perceived as a major weakness. 

However, this offers an opportunity to adjust the consumer perception of Electrolux in this 

category, by entering a product in the personal cool segment. This project will propose ideas and 

concepts that could strengthen Electrolux’s position compared to other brands in air care. This 

would contribute and communicate a modern message to the consumer in order to present 

Electrolux in the forefront of development.   

 

The analysis resulted in the following list of conclusions that are assumed to be important to take 

into consideration for this project. Although, this is a totally new product for Electrolux and the 

developed concept will not be classified as an air conditioner unit.  

 

 Noise  

 Size and volume 

 Limited floor space 

 Portability and movability 

 Settings, possibility to use different functions  
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3. RESARCH ABOUT TECHNOLOGIES  

This section covers research about technologies that can be used to create cold in general. The 

technologies were identified by brainstorming, interviews with professors at KTH, research and 

by previous experiences. The identified technologies were examined in order to get a deeper 

understanding and knowledge about the underlying technology and how it operate. However, the 

aim was to identify the overall picture of the technologies. Advantages and disadvantages were 

identified for facilitate further comparison of them. The investigated technologies are described 

below.  

3.1 Vapor-compression system 

A vapor-compression system is a refrigerant cycle, see Figure 3-1. The vapor-compressor cycle is 

the most common technology used in air conditioners (Granryd, et al., 2009). Air conditioners are 

often used for cooling an environment, a room or a house (ASHRAE, ASHRAE Handbook - 

HVAC Applications (SI), 2007). The main components that are included in the refrigeration cycle 

are a compressor, a condenser, an expansion value and an evaporator. There is also a working fluid 

called refrigerant in the system (Cengel, Turner, & Cimbala, 2008). 

 
Figure 3-1, Illustrating the vapor-compression cycle (Cengel, Turner, & Cimbala, 2008) 

 

This technology has been used for many years (Granryd, et al., 2009). The trend indicates that the 

components are becoming smaller, which makes this technology suitable and relevant for this 

application area. There is also a system called miniaturized vapor-compressor system, which is 

based on the traditional vapor compressor cycle, but with a more compact system, smaller 

components and lower capacity (Weixing, et al., 2014). 

 

An advantage with this technology is the high efficiency that is produced. It is an effective way to 

create cooling and it can achieve low temperatures (Granryd, et al., 2009). Vapor-compression 

systems are well-known and used for several application areas, which is an advantage. Some of 

the disadvantages are the moving parts in the system. A vapor-compression system creates 

condense water when operating. The condense water needs to be handled in some way. Most air 



14 

 

conditioners have a container for the water or allow it to flow directly out form the unit on the 

outside of the product. The system create heat as a waste product that needs to be considered.  

3.2 Rangue-Hilsch Vortex Tube 

The Rangue-Hilsch Vortex tube, also called Hilsch-tube or Vortex tube, is a method that expand 

compressed gas and separate it into one cold and one hot stream. Basically, the system consist of 

a tube and require compressed air, see Figure 3-2. Though, the technology is free from moving 

parts (Granryd, et al., 2009). 

 

Compressed air is entering the tube by a radial or tangential inlet to a spin chamber. The air creates 

a strong vortex inside the tube. The temperature in the center of the vortex is lower than the 

periphery. The cold air ends up in the center and the hot air at the edges of the vortex. The cold air 

in the center is entering an orifice and leads the air to one side of the tube. The rest of the air, which 

is warmer, is going the opposite way in the tube, resulting in a temperature difference on each side 

of the tube. The cold air can be used to cooling various application areas. The compressed air 

entering the tube should be around 7 bar, at +20°C. It is easy to create cold air around -10°C and 

on the other side of the tube hot air around +50°C (Granryd, et al., 2009). 

 

 
Figure 3-2, Illustrating the design of a vortex tube (Liew, Zeegers, Kuerten, & Michalek, 2012) 

 

The dimensions vary after the wanted performance, the length can be 100-300 mm and the 

maximum refrigeration between 40-1900 W (Energy Technology, 2014).  

 

The advantages with this method are that there are no moving parts, creating a reliable system, and 

the system is maintenance free (Behera, o.a., May, 2005). It is ozone friendly, has a low weight 

and free from pollution (U.S.Gupta, M.K.Joshi, & C.B.Pawar, July- September 2012). This 

method is good to use when there is compressed air available and for a low price (Granryd, et al., 

2009). Otherwise, the compressed air can be a limitation and a disadvantage. 

 

The method creates a temperature drop of 1-2%, the efficiency (COP) is very low in comparison 

with the temperature drop that could be created if the expansion was done in a traditional turbine 

(Granryd, et al., 2009). The system creates a high noise level during the operation, approximately 

between 60-90 dB depending on dimensions and air low. The vortex tube itself uses no electricity, 

more than the eventual compressor creating compressed air (AiRTX International, 2015).   
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3.3 Absorption refrigeration  

Absorption is the most common process for heat operated systems and it is based on the Careé 

cycle (Granryd, et al., 2009). Absorption uses heat sources which provide the energy needed to 

drive the cooling process. The heat sources can come from many different sources, some examples 

are waste heat, solar energy and natural gas (Cengel, Turner, & Cimbala, 2008). Absorption means 

that the refrigerant is absorbed by another media and transported as a liquid solution during part 

of the cycle (Granryd, et al., 2009). This method is good to use in cases where there is access to a 

lot of heating energy, free or cheap, at an applicable temperature (Cengel, Turner, & Cimbala, 

2008). The only moving part in this method is a liquid pump (Granryd, et al., 2009). 

 

An absorption process consist of one refrigerate medium pair; one refrigerant and one absorber. 

The two most common media par are ammonia, which is the refrigerant, and water which is the 

absorption medium (Granryd, et al., 2009). The system looks almost like the vapor compression 

system, however the compressor is replaced by an absorber, a generator, a pump, a regenerator, a 

rectifier and a valve (Cengel, Turner, & Cimbala, 2008).  

 

The absorption cycle can easily be described in three different phases. First is the evaporating 

phase, where the refrigerant is in liquid and evaporates in a low pressure and extracting heat from 

the environment. The second phase is absorption, now the refrigerant is changed to gas and 

absorbed by another liquid and lower the pressure in the evaporator and more refrigerant can then 

evaporate. The third phase is regeneration, the refrigerant liquid is now saturated and heated, 

which evaporates the refrigerant during a high pressure. Then the refrigerate media is condensed 

and the cycle continue again. (Cengel, Turner, & Cimbala, 2008) (Granryd, et al., 2009) (ASHRAE 

Handbook - Fundamentals (SI), 2005). 

 

One benefit with this system is that it does not need any electricity (if for example the system is 

driven by waste heat), which can create an application area where there is no electrical energy 

available (Dr. Critoph, 1999). Another advantage is that the noise level is lower than the vapor-

compressor cycle, because of the system only has one moving part and that is the liquid. In 

comparison with a vapor compression system, an absorption refrigeration system is more 

expensive. They are also larger and more complexed. The absorption systems are less efficient and 

demand larger cooling towers to reject the waste heat that the system creates. As a result of this, 

those systems are less common and also more difficult to service (Cengel, Turner, & Cimbala, 

2008). 

   

As previously mentioned, the absorption refrigeration method is good to use when there is a lot of 

cheap heat or waste heat offered, and should be considered when the unit cost of thermal energy 

is lower in relation to electricity (Cengel, Turner, & Cimbala, 2008). The absorption refrigeration 

systems are friendly to the environment, in comparison to other techniques (Dr. Critoph, 1999). 

These systems are mostly used in large industrial installations as well as in large commercial 

installations (Cengel, Turner, & Cimbala, 2008). 
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3.4 Peltier process 

The Peltier process is a thermoelectric effect most commonly applied in so called Peltier elements 

or Peltier modules. A thermocouple has an electric potential difference when the hot and the cold 

connections of the thermocouples has different temperatures. Adding power to the Peltier module, 

generate a hot and a cold side of the module (Cengel, Turner, & Cimbala, 2008) (Lee, 2010). 

 

The performance of a Peltier cooler is mainly depending on the materials, as you can see in Figure 

3-3 as N and P, most common are so called semiconductors (Lee, 2010). Suitable materials for the 

Peltier process should have a high Seeback coefficient, in order to create electric potential in the 

thermocouple for a temperature different between the cold/hot connections, this property is 

important. The materials should also have low electric resistance to minimize the electric losses 

and also low thermal conductivity to minimize large losses that accords from heat conduction 

among the hot and cold side (Granryd, et al., 2009). 

 

 
 

Figure 3-3, Illustrating a thermoelectrically power generator (Cengel, Turner, & Cimbala, 2008). 

 

To combine these properties and find suitable materials are difficult, which are why the properties 

of the materials are the most critical point to the performance of a Peltier process. New materials 

are under development and will hopefully increase the performance and the Seeback effect 

(Lecture, 2014) (Granryd, et al., 2009). However, if purchasing a Peltier Modules from a 

manufacture, they have modules for different purposes and with already finished solutions with 

material combinations for the desired purpose (TE Technology, 2015). 

 

The major disadvantage with this technology the relatively low efficiency, in comparison to other 

technologies (Cengel, Turner, & Cimbala, 2008). It is compact and small, the dimension of a 

Peltier modules are around 50x50x3 mm (TE Technology, 2015). The small size creates a 

flexibility in the design of the entire system. Most common products with cooling purpose using 

Peltier modules are cooling for electronic components as well as small refrigerators. No 

compressor is needed in the system, resulting in a low noise level and there are no moving parts 

creating a safe operation (Lee, 2010). The noise that may be created from the external components 

needed for the whole system, most likely from the fans used to move the cold to the consumer.  
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3.5 Evaporative cooling 

In comparison with conventional cooling systems that operate on a refrigerant cycle, that have an 

relatively high operating cost, the evaporative cooling process is based on the natural process that 

evaporate water to the air and deliver a fresh humid mist of cool air, which can decrease the high 

cost of cooling. This technology is used in many products both for humidify the air and generate 

the cooling effect (Cengel, Turner, & Cimbala, 2008). 

 

When water evaporate, the latent heat of the vaporization is absorbed from the water and the 

surrounding air, making both the air and the water cooled during this process. The typical process 

for an evaporative cooler is that hot, dry air is entering the evaporative cooler. The air becomes 

sprayed with water, which is in liquid form, some of the water evaporates during this process by 

absorbing heat from the airstream. This resulting in that the temperature of the air decreases and 

the humidity of the air increases (Cengel, Turner, & Cimbala, 2008).  

 

This means that, if the air already has a high humidity ratio, 100% is the maximum, it is not 

possible for the air to take up the water from the system and there is no cooling effect created. 

Resulting in that if the air is very humid, this technic is not going to be efficient. Evaporate cooling 

is useful for refrigeration in an environment with dry air and are then providing effective cooling 

(Cengel, Turner, & Cimbala, 2008). Because of that this technology consume water, water must 

be refilled. How long the system can operate without being refilled dependents on the volume of 

the water container, this however, results in some maintenance.  

 

This is a low-tec solution, in comparison to other cooling technologies. The system can have a 

quite low noise level, depending on the design and components. The system’s size is linked to the 

design and the desired operation time, the system can be designed quite small. The biggest volume 

of the system is likely the water container. Regarding the weight of the system, it is also depending 

of the previous factors.  

 

Evaporative cooling is environmentally friendly, energy efficient and also cost efficient 

(ASHRAE, ASHRAE Handbook - HVAC Applications (SI), 2007). 

3.6 Mechanical fan 

A fan is a technology that create airflow with blades that are mounted on a shaft that rotates, it is 

an air pump, creating a pressure difference in the air that causes the airflow (ASHRAE, HVAC 

Systems and Equipment (SI), 2008). The most common is that the shaft work is from an electrical 

motor (Cengel, Turner, & Cimbala, 2008). There are different types of fans for different types of 

purpose that vary in air flow direction as well in air speed (Cory, 2005).  

 

Fans are often a component in a larger cooling system, however there are many fans on the market 

used to create air flow and a cooling effect for personal use. It is a cheap technology and the size 

can vary from small to large. Smaller fans can be driven with batteries, which increase the 

flexibility. 
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As stated, a fan creates airflow, the airflow helps the human body to remove energy, heat, which 

it produces. Meaning that a fan does not cool down the air, but it creates a wind chill effect. A fan 

increases the convection from the skin, helping the sweat to evaporate. (Havtun & Bohdanowicz, 

Sustainable Energy Utilisation, 2013).  

3.7 Phase change material 

A phase change material (PCM) store thermal energy when the material is changing phase. The 

phase change can be between solid, liquid and gas. When a material changes, a large amount of 

energy is released or absorbed. The realest energy is called latent energy and can be used for both 

heating and cooling. Phenomena used to change a material’s phase are melting, boiling or 

evaporation and sublimation. The heat included to produce the change can create the refrigeration 

effect (Granryd, et al., 2009). 

 

The PCM can be integrated into products for different cooling effects. There are wearable personal 

cooling products that are integrated with phase change material with the purpose to increase the 

thermal comfort. This cooling method is good to use in places when there is no air conditioner or 

electricity available (Gao, Kuklane, Wang, & Holmér, 2012). 

 

The capacity is limited and the amount of material depends of the operation time and cooling 

purpose. The most important disadvantage is that the material needs to be changed back and forth 

between the different phases so that the latent energy can be released and replenished. One 

advantage with PCM is that the material itself does not need any electricity, as well that it is free 

from noise (depending on if the PCM is integrated to a system with components that create noise 

or not). This results in great flexibility and portability. The amount of other components and the 

weight of the whole system is not possible to specify, it depends of the design and requirements. 

However, it is important to take into consideration that a phase change material does not work as 

a method for this purpose by itself. The material is depending on external components as well, to 

change form and also to deliver the cold from the material out to the consumer. A phase change 

material expand when changing phase, which needs to be considered. 

3.8 Magnetic refrigeration 

Magnetic refrigeration is based on the so called magnetocaloric effect, created though a working 

material, magnetocaloric material and placed in a magnetic field. The magnetic field is created by 

magnets and the working materials are placed within the magnetic field and become disoriented, 

generate a rising temperature in the working material. A fluid, typically water-glycol brine, is 

pumped around the working material to take benefit of the created temperature differences. The 

brine cools the working material and the magnetic field is then removed. The working material 

will then decrease to a low temperature. This temperature difference that is generated can be used 

for cooling. The procedure requires to be repeated for the material to be cooled again (Granryd, et 

al., 2009) (USA Patent No. US4332135 A, 1981). The working material is a solid magnetic 

material, and thus minimizes the risk for leakage and the global warming potential is almost zero. 

Other advantages with magnetic refrigeration is the low noise level, compact design and high 

efficiency. Those major benefits are some reasons to the increased research within this area. (Yu, 
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Liu, Egolf, & Kitanovski, 2010). Magnetic refrigeration is considered to be more common in the 

future, due to that the technology consumes a low energy amount. The efficiency is better than a 

vapor compression refrigeration system and it is more environmental friendly as it does not use 

any working fluid containing fluorocarbon (Jing, 2014). 

 

The area is under research and development in order to improve the efficiency and make the 

technology better. There are no devices including this technology for commercial households. 

Magnetic refrigeration is a complex technology, in comparison with other technologies to generate 

cold. The systems are big and the materials are expensive and when cheaper materials are found, 

there will be a breakthrough one the market (Jing, 2014). 

3.9 Trend development of technologies  

Research was done to investigate the trend development on the different technologies during the 

past decades. A study was done on how many research papers that were published from 1950 until 

today. This is done to provide a clear picture and demonstrate the technologies different 

development and enable a comparison. The following Table 3-1 present the research trend on the 

investigated technologies described earlier. Mechanical fan was excluded from the trend 

development research, because of that fans are integrated into many other of the technologies 

which can lead to a misleading result. The data is retrieved from Primo, KTHB library catalog 

(KTHB, 2015). The results are depending on the exact search term, the terms in the graph were 

used during the research collection. 

 

Table 3-1, Number of research paper published annually  

 

The most obvious trends are that evaporative cooling and phase change material have had a 

significant increase during the past decade. A high number of published materials indicate that 

these technologies are under research and development, which makes these technologies especially 

interesting. The increase of published material may depend on many factors, however it shows a 
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clear interest in these areas. Peltier and vapor compression also have had a great increase, while 

vortex tube and absorption refrigeration have a rather stable development.  

 

To develop a concept that follow the trends and the technological development, the result from 

this graph will be considered during further phases. A conclusion could be drawn that the most 

interesting technologies according to the trends are Evaporative cooling and Phase change 

material.    

3.10 Alternative Power Source  

Most of the investigated technologies, described earlier, need to be driven by some kind of power 

source to create the desired results and be able to work. The most common is the electrical grid, 

used for the different systems integrated to a product. To consider the concepts flexibility, other 

power sources were analyzed to investigate if it could be able to use some outer source than the 

most common used today, the electricity grid. The most interesting solutions were solar cells, fuel 

cells and small batteries with high efficiency. Those were further investigated and research was 

done to gain knowledge about their relevance to this area. Since this project’s objective is to 

develop a feasible concept within the defined scope, these power sources were considered to 

remain too long forward in the future and too expensive to become applied to this upcoming 

concept.  
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4. MARKET ANALYSIS 

This section presents a market analysis of personal cooling. Competitors, existing products with 

similar functions or purposes are analyzed and presented. The purposes with this chapter are to 

convey an understanding of the market and the competitors’ products, which is important and 

essential to successfully position a new product and to find areas of opportunities. 

4.1 Market analysis made on products within personal cool 

A market analysis was made, materials were searched internally and externally. Electrolux has 

products that refrigerate the environment, air conditioners. They produce split units, portable units 

and window units (Alexanderson, 2015). In the current product range, they have no products with 

the objective of cooling only one person. 

 

The market was analyzed and possible competitors were investigated. Products within the category 

personal cool were found. Products within other areas that could inspire were examined as well as 

products with the aim to cool in general. Figure 4-1 presents a Google hit on “Personal cool” 

(Google I. , 2015). A collection of products that were further benchmarked are described and 

presented in Appendix B.  

 

 

 
Figure 4-1, Hits on the word “Personal cool” on Google 

 

The identified competitors for this product segment are narrow. The research shows that the 

majority of the large companies that sell air care products, Electrolux most common competitors, 

do not have any specific products for personal cooling. Instead they offer products for indoor 

environment, for example; split air conditioners, portable units, window units and humidifiers. 
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However, there are several products on the market focusing on just personal cool. The results 

indicted a wide range, from low-tech to high-tech products. The most common applications were 

wearable and portable products with different functions, dimensions and design. A variation of 

how the products aim to cool one person were identified and could be divided into two categories; 

cooling the entire human body or cooling specific spots on the body (cooling a surface).  

 

One conclusion that could be drawn after analyzing the market was that the investigated products 

perceived to meet different kinds of consumer requirements. Some of the products target specific 

activities and some of them more general ones. The same can be said about which environment or 

location the products aim to be used in. Furthermore how they are driven, if the product needs a 

power source or not is a parameter that distinguishes the different products. 

The operation time depends on the technology, products using PCM has a limited operation time, 

while products with air conditioner systems driven by the electricity grid have limitless operation 

time. The consumers that the products seem to target are also different, nevertheless relatively 

narrow and specific. Especially the wearable products with the main aim to cool a person during 

very warm situations, like for example construction workers or military.  

 

General strengths and weaknesses with the products were discussed. There were not many 

remarkable products that were found and they did not meet the consumer in a desirable way. 

However, the most interesting products were one portable mini cooler, called Product A, and one 

personal cooler, called Product B. 

 

Product A is a portable mini cooler unit sold mostly on the Asian market. The technology used in 

this product is a traditional vapor-compression cycle and it operates in the same way as an air 

conditioner unit. The product was disassembled to investigate how it was constructed and how the 

components were placed, see Appendix C. It is constructed with two air outlets, one for the cold 

air and the other for warm air. Both the cold and warm air go directly out to the indoor air. The 

cold air can be directed into the desired position and the product has different cooling options. The 

power source is the electricity grid. It has a cooling capacity of around 300 W (1000 BTU). The 

product has a weight of 6,4 kg and the dimension is 141x534x263 mm.  

 

The strength of this product is the possibility to create a large temperature drop of the air leaving 

the unit from the cold outlet, due to the vapor-compression system. This technology operates in all 

temperatures as well as in high humidity. It is possible to place the product wherever the consumer 

wants and the only thing that limits the use is the access to power. The dimension and the high 

construction make the product suitable to be placed on the floor. However, it can be difficult to 

place the product on working surfaces such as desks or furniture because of its height. Even though 

the product is compact and relatively small, a weakness is still the weight which is 6.4 kg, which 

limits the portability. Another weakness with the product is that the room temperature will increase 

when the waste heat is spread directly out into the air.  

 

Product B is mostly sold on the Asian market, just like Product A. The technology used in this 

product is Peltier elements. The product was disassembled to investigate how it was constructed 

and how the components were placed, see Appendix C. It is constructed with two air outlets, one 

for the cold air and the other for warm air. Both the cold and warm air go directly out to the indoor 

air. The outlets have fixed positions, to change the directing of the air, the whole product needs to 
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be moved. There are two operating modes; one with cooled air, which is when the Peltier elements 

are active and one mode which uses only the fan. The consumer can also choose two different fan 

speeds. The power source is the electricity grid and the product weight is 3,63 kg. The dimensions 

are 125x326x170 mm.  

 

The strength with this product is the small size and the low weight, allowing it to be moved to 

different locations and increases the portability. Due to its design and size, it is easy to place the 

product beside you on a table without interfering too much on other interior or activity. This makes 

it possible to place the product wherever the consumer wants as long as there is access to a power 

outlet. One weakness is that the air flow could not be directed into different directions. Like the 

Product A, this product has the weakness that the room temperature will increase when the waste 

heat is spread directly out into the air. The feeling when the product was tested was that the 

temperature drop of the air is fairly low, in comparison with Product A. 

4.2 Disassembly of existing cooling products 

Both Product A and Product B were disassembled and are presented in Figure 4-2. The objective 

was to increase the understanding of the two different technologies and their internal construction, 

as well as to observe the placement of the components and a make a rough size approximation.  

Most parts were removed using standard tools, starting from the outer shell and in to the core parts. 

Parts that were difficult to remove were left in their existing places.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-2, Product A  

 

Product A 

The hypothesis was that the components could be placed in a way that could be more efficient and 

thereby minimize the product volume and as a result determine whether this technology, vapor-

compression cycle, could be developed smaller and more compact. The products construction and 

placement of components can be seen in Appendix C.  

 

Primarily, the result indicated that there is no significant opportunity to minimize the system 

volume without reducing the capacity. All components were tightly placed and without much air 
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between them. Another arrangement of the components can be more efficient, nevertheless the 

total volume will barely change.  

 

Regarding the components, they were considered to be standard and nothing new was identified. 

The condense water that is created on the evaporator is led to the warm condenser and some of the 

water evaporates. The remaining condense water ends up in the water tank at the bottom of the 

product. The water tank for condense water occupied a relatively large volume that can be seen on 

Appendix C. 

 

Product B 

The hypothesis was that the product’s main components consisted of two heat sinks, two fans and 

one Peltier module. As well as for Product A, a hypothesis was that the components could be 

placed in a way that could be more efficient and thereby minimize the product volume. 

 

The disassembly showed that the system consisted of two Peltier modules mounted beside one 

another against the two heat sinks. The difference between the volumes of the two heat sinks were 

expected, however the design did not differ widely.  

 

The disposition of the components, air inlet and outlet could be modified into many different 

variations. However, it is hard to determine if the volume of the whole system can be reduced.  

 

 

 

 

 

 

 

 

 

Figure 4-3, Product B 

4.3 Comparison of products on the market 

A trend indicates which direction the market is moving against. To identify a trend in an early 

phase can be valuable in order to gain profit from it (Logan, 2014). Two quadrant charts were 

made in order to position the products that were identified on the market and compare them against 

each other. The purpose was to identify empty openings and possible areas of opportunities, as 

well as investigate the market trend. Selections of axis were made based on that the products 

indicated on differences in these selected categories, combined with consumers possible needs. 
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The first chart shows the range of product size, from large to small, cross-checked with low climate 

control to high climate control. Climate control means in this case the ability to determine settings 

after personal preferences. The second chart presents the products on a range between hi-tech to 

low-tech, cross-checked with a range of small cooling areas to large cooling areas.  

 

The green squares in Figure 4-3 are interesting areas that were identified. The result shows that 

there is an opportunity for a small product with high climate control. Main competitors are located 

towards hi-tech, creating an opportunity to strategically work in this area to create a product that 

is innovative on the market.  
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Figure 4-4, Quadrant charts presenting the range of product on the market  
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5. CONSUMER IDENTIFICATION 

In this section, the consumer identification stage is presented. Consumer scenarios are composed 

and then used in a consumer survey. The purpose was to identify consumer needs and behavior, 

in order to meet the consumers’ requirements in the upcoming product development. 

5.1 Brainstorming; Areas of opportunities  

Brainstorming is used to generate ideas and concepts at an early stage (Otto & Wood). In order to 

develop concepts that meet the consumers’ needs, several questions were analyzed; what are the 

needs for personal cool in different scenarios and what can individual cool bring, as well as which 

new possibilities can it offer? If the customer already has an air conditioner at home, what new 

features could this product offer?  

A brainstorming session was performed, with the purpose to come up with ideas on the questions 

above as well as on: 

 

 How a personal cool could be used? 

 When could a personal cool be suitable? 

 Where may it be useful? 

 Who could need a personal cool? 

 Why a personal cool? 

 

The potential answers and solutions for these questions resulted in a large mind map of 

opportunities, see Appendix D. 

 

Situations and activities when a person might want to be cold were listed and categorized into 

different rooms such as; kitchen, bedroom, living room and garden (Outdoor, balcony, terrace 

etc.). Brainstorming was also done on already existing products in the nearest sphere when a person 

may want to be cooled and on products in general that could be integrated with cooling, presented 

in Appendix E. 
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5.2 Consumer scenarios 

Electrolux works with something they call consumer insights, which are created based on deep 

research and qualified guesses. An insight is a short description of a situation, a need or a 

consumer’s behavior. The aim with an insight is to investigate different possibilities and 

opportunities for product development (Electrolux, Insights Example) (Alexanderson, 2015). 

 

The method used to create the scenarios for this project are based on Electrolux’s way of creating 

insights, however some modification were made to meet this project in a more appropriate way. 

The conclusions from the mind map were that some areas were more interesting for further 

investigation. Seven scenarios were created based on the conclusion and outcome from the 

brainstorming and previous research about air care (section 2.4). The purpose was to cover the 

identified areas. Seven different scenarios were created, presented in Figure 5-1 and they are 

described below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-1, seven different scenarios  
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Scenario 1: Individual comfort 

 

"I want to choose my preferred temperature at home without 

affecting my family’s temperature preferences. I generally 

prefer a different temperature than the rest of the family but 

common AC’s cool the whole room which affects them. In 

addition, it is easy to become warm when cooking, cleaning 

and working out at home – regardless of the season." 

 

 

 

Scenario 2: Flexibility at home 

 

"I want to keep cool during outdoor dinner parties, as well as 

having a comfortable sleep temperature during the summer. 

AC’s are usually mounted in one room but I would like to have 

a solution that keeps me cool during my different home chores, 

both indoors and in the garden. I do not want to cool all the 

rooms in my home since it feels unnecessary and costly." 

 

 

 

Scenario 3: Public areas 

 

"I want to be cooled in public areas when I feel warm. I enjoy 

visiting places, such as the beach, restaurants, pubs, sport 

stadium and the local park. Existing products for cooling, 

which demand a power outlet, are not useful for me in these 

situations. In addition, it should be something that I can easily 

carry with me." 

 

 

 

Scenario 4: On-the-go in the city 

 

"I want to be cooled during my transportation between home 

and work/school/shopping. Moving around in the city during 

heat waves is uncomfortable, but I cannot avoid having to walk 

parts of the distance and public transport can lack proper 

ventilation. I do not want any product that interferes with my 

style." 

 

 

 

 

  



30 

 

Scenario 5: Summer house/Vacation home 

 

"I want to be cooled in my summer house, but I do not want to 

install a permanent AC in a temporary accommodation for a 

couple of weeks a year. Open windows or fans do not cool me 

enough and do not allow me to decide a specific temperature. 

Since my summer house is quite small, I do not have much 

space. In addition, it feels unnecessary and expensive to cool 

the whole house." 

 

 

 

Scenario 6: Off-the-grid 

 

"I want to be able to cool myself when out hiking in the wild, 

doing things such as walking, hunting, fishing and camping. I 

can only bring a limited amount of supplies with me and I 

cannot use products that needs power outlets. Since nature for 

me means quietness and peacefulness I do not want anything 

that distracts that feeling. Furthermore, it is difficult to predict 

the weather and heat waves can come unexpected." 

 

 

 

Scenario 7: Vacation  

 

"I want a cooling solution that I can bring with me on my 

vacations. I like to travel to different places, for sightseeing, 

swimming and sunbathing. I want to feel comfortably cooled 

when doing these activities. The solution needs to be easy to 

carry and should not complicate my travel." 
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5.3 Consumer survey 

To identify the consumers’ needs and get an understanding about how relevant the different 

scenarios are, an online based survey was created. A survey is a good and easy method to reach 

out to different kind of people, in this case people that live in warmer countries. It is also a great 

way to collect specific data and compare it in a valuable way for further studies and comparisons 

when all participants have answered the same questions. This survey is based on the 7 different 

scenarios, described earlier, in which an individual wants to be cooled. The approach is a mix of 

both qualitative and quantitative questions to create a distribution of the data. Some of the 

questions have open answers and some have given options to answer.  

 

The goal of the survey is to collect relevant data and use it to make additional demarcations for the 

project based on what the consumers’ desire and need. This survey is thought as a contribution to 

previous research and for selecting appropriate scenarios that are going to be used for the next 

phases.  

 

In order to get relevant data for this project, a decision was made to target specific consumers that 

could participate and answer this survey. With the help from Electrolux and their network the 

survey was sent to different Electrolux offices around the world, with focus to reach out to people 

that live in warmer locations. 

 

Survey arrangement  

The survey includes the 7 scenarios, described earlier, in which an individual wants to be cooled. 

The first questions are about general information; Gender, age, city and country they live in, how 

they live, in a house or in an apartment and with how many people. The participant is asked to 

imagine being part of the different scenarios and rate them according to how relevant they are for 

them; strongly agree, somewhat agree, somewhat disagree or strongly disagree. If the participant 

agrees and relate with the scenario, they are asked to answer how they cope with situations like 

that today and if they have some advice or suggestions that they want to share. This question is an 

opportunity for the participants to write what they want, which is related to the specific scenario 

and individual cooling in general. If they do not relate to the scenario and answer that they strongly 

disagree or somewhat disagree, they will be taken further to the next scenario. The following 

scenarios have the same approach and same questions. After the 7 scenarios an open question is 

asked; do you have any personal tricks or strategies for cooling yourself? This qualitative question 

is not connected to any specific scenario, which is to create a variety and receive as much 

information and data from the survey as possible. This open question allows the participant to 

think about the scenarios and maybe suggest a more relevant situation that suits them better or add 

something more that is important to emphasize.  

 

As the final question the participants are asked if they have any product for cooling themselves 

today. If they do and use products for cooling, they are asked to fill in what kind of products they 

use from a list. After this question they will have the option to leave their e-mail addresses, in 

order to be contacted with some follow-up questions. See appendix F, for the whole survey.  
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Result and analysis from survey 

The data obtained from the survey was analyzed and gave valuable information about the different 

scenarios and their relevance. The result meets the goal of the survey and the purpose is fulfilled. 

 

34 people answered the survey, 11 of them were females and 23 of them were males. Participants 

replied to the survey from a variety of geographic locations. One third of the participants lived in 

Sweden and the rest lived in warmer locations, for example Brazil, Singapore and Italy. 

 

A summary of the result from the research question “Can you relate to this scenario?” is presented 

in Table 5-1. The question?” was used to rank the importance of the scenarios. To be able to 

compare and rank them the four answers options were merged into two. Answers strongly agree 

and somewhat agree were merged together to agree. The same was done for strongly disagree and 

somewhat agree, merged together to disagree. The scenario that most of the participant can relate 

to is number 4, “On-the-go in the City”, with 76% of all the participants that could agree and relate 

to situations associated with this. Scenario 1, “Individual comfort”, is the one with second highest 

percent, with 73% that could agree. These two scenarios had a difference of only three percent, 

followed by “flexibility at home” with 68%, “public areas” with 64%. The last three scenarios had 

a percent between 53-23%, which is significantly lower than the top four.  

   

Scenario Participants that agree, % 

4. On-the-go in the city 76% 

1. Individual comfort 73% 

2. Flexibility at home 68% 

3. Public areas 64% 

5.Summer house/vacation home 53% 

6. Off-the-grid 47% 

7. Vacation 23 % 

Table 5-1, Result from survey, on the question ‘Can you relate to this scenario?’ 

 

The result shows that the three scenarios; on-the-go in the city, individual comfort and flexibility 

at home together represent more than fifty present of the total result. Further relevant and valuable 

data gained from this survey are suggestions of cooling methods, how the participants act in 

situations where they want to be cooled and other thoughts regarding the area of personal cooling, 

see appendix G for answers and quotes. 

 

Although the participants in Sweden are used to generally colder climate than other participants, 

they could relate to scenarios to the same extent as participants from warmer climates. Participants 

who live in Sweden may have been living in warmer climates and in the same way, a participant 

born in Northern Europe might be temporary based in Brazil and reply to the survey from there. 

The point is that nationalities are interesting in the sense that people might have different 

knowledge, understanding and relationship towards cooling. This means that replies from 

participants in a cold climate can be as useful as from participants living in warmer climates since 

anyone could have experiences from coping with heat-waves and cooling in warm temperatures. 
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6. CONCEPT IDEATION 

The concept ideation chapter presents general concept ideas and areas of possible concept 

opportunities. A concept workshop is presented as well as sketches on general concept ideas. The 

outcome of this phase is to find a concept area, for further concept development.  

6.1 Concept Workshop 

Different tools can be used in the process of creating concepts and come up with ideas. A workshop 

was performed with participants from the Electrolux design group and from Electrolux advanced 

development, regarding the topic of Personal Cool. The aim was to exchange ideas and to be open-

minded in order to come up with concepts, as well as to develop innovative concepts with the 

consumer in focus. The purpose was also to hear the participant’s thoughts about cooling and how 

they could transform their ideas into concepts, especially as the participants would not know as 

much about the topic and hopefully thereby have open thoughts around it.  

 

The participants were two engineers, one graphic designer and three industrial designers, with 

different nationalities. The mix of professions and nationalities was to generate and combine both 

technical and conceptual ideas and discuss them during the workshop. 

 

Workshop arrangement  

The scenarios, described earlier and presented in Figure 6-1, were the framework for the workshop. 

From the seven scenarios, three were chosen to go further with and to use in this workshop. The 

selected scenarios were based on the result from the survey. The three scenarios that most people 

could relate to were flexibility at home, on-the-go in the city and individual comfort, hence they 

were chosen to take further.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-1, The selected scenarios; flexibility at home, on-the-go in the city and individual comfort. 
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In addition a fourth scenario theme was created called, open for anything. This was an open 

scenario to let the participants to choose freely from any situation that they can come up with, in 

which cooling is essential. The purpose was to inspire and exam if there were additional scenarios 

that would be appropriate to consider for this project. 

  

To guide the workshop, keywords were constructed from previous research, the mind map and the 

market analysis. The keywords used were Portable, Wearable, Movable, Stationary and Modular, 

illustrated in Figure 6-2. They were to inspire the participants and to create a broad variety of 

concepts. 

 

 

 

 

 

 

Figure 6-2, Keywords to guide the workshop session  

 

The participants were divided into two groups, one engineer and two designers in each group. 

They received a brief explanation of the topic, Personal Cool, the defined definition about the area 

and this master project. The layout of the workshop and the expectations of them were also 

described. The participant’s purpose was to generate concepts in relation to a given scenario and 

keywords. 

 

The groups were given the scenarios, described above, one at the time. The five keywords were 

handed out for inspiration. The participants were guided to create concepts for each keyword, to 

the extent they were able to. Concept sketches were created and presented on A5 papers with a 

short explanation. The session was 10 minutes, after which each group presented and discussed 

their general thoughts around the given scenario and briefly described their concept ideas. The 

process was then repeated with each scenario.  

 

Result and analysis from the workshop 

The aim with the workshop was fulfilled and a wide range of concept ideas was developed. 

However, some concept ideas were repeated in the different scenarios and many concepts were 

very similar to existing products and already developed concepts ideas for this project. Many of 

the ideas were not feasible or were too far into the future. The most valuable outcomes of the 

workshop were the discussions that the groups had. Some of the discussions were about 

technology, materials, situations as well as SMART-solutions. The area of personal cool appeared 

interesting according to the discussion the participants had, they confirmed that it is a demand for 

a product in this area.  
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6.2 Concept ideas on personal cool 

Based on the previous findings and decisions a concept ideation phase began. Concepts were 

created by discussion, brainstorming and sketching. A broad range of shapes, functions and 

appearances were established. The concepts were made on a general level and details were 

excluded. This resulted in that the developed concepts varied in reliability and feasibility. In this 

first concept phase the purpose was to get inspiration and develop open minded concepts. The 

most motivating ideas and concepts were selected whereas the rest were eliminated. 

 

The outcome from section 5.1 - Brainstorming: Areas of opportunities, was used to inspire the 

development of concepts and to categorize the concept ideas. Concepts were made for different 

rooms as well as concepts for different activities. Other products in a home environment that may 

be used at the same time as this concept, as well as other products that could be integrated with a 

personal cool were used to develop concepts around. This resulted in a broad variation of concept 

ideas with different technologies. Sketches are presented in Figure 6-3. 

 

Figure 6-3, Sketches of different concepts  
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6.3 Findings from the concept ideation stage   

Demarcations needed to be done with the purpose of going further in the product development 

stages. Elimination of scenarios was done based on previous findings. The scenario, On-the-go in 

the city was the one that most consumers could relate to, according to the result from the survey. 

This scenario requires a technology without a power source or one driven by a flexible power 

source. Previous research showed that the use of alternative power sources for this project is 

inadequate and a decision was made to use the power grid as the electrical source, which resulted 

in an elimination of the scenario On-the-go in the city.  

 

After further analyzing of the research, a decision was made to go further with two scenarios, 

individual comfort and flexibility at home. The intention was to have the consumer in focus as well 

as generate realistic concepts within the scope. These scenarios were considered to be the most 

realistic to continue with according to the research ad findings. Individual comfort and flexibility 

at home were two strong scenarios with 73% and 68% of the asked consumers could relate to them, 

there are also many opportunities in these areas. During the discussions held at the workshop, these 

two scenarios were seen as the most interesting as well as most relevant according to the 

participants.  

 

Individual comfort and flexibility at home are connected to each other and are suitable to merge 

together to one scenario. Both of the chosen scenarios are connected to a home environment, with 

an unlimited source of power apply which facilitates the further concept phase. The individuality 

in a home environment for a family with different levels of thermal comfort is depending on the 

flexibility. In addition to the flexibility that comes with a home and all the possible activities, is it 

also important to consider the personal sphere and the different needs according to each person’s 

thermal comfort. 

 

This project is a delivery to Electrolux, healthy home group, which develop products regarding the 

product areas home comfort. The aim with this master thesis is to develop a concept that could fit 

in to Electrolux product range, which also a motivation to the decision to focus on these scenarios. 

 

The investigations showed that there is an obvious need for a product that cools a person. The 

market trends also indicate that the individual sphere becomes more important, where the person’s 

own preferences are taken into account and can be selected. This means that there is a demand on 

the market for this type of products. As stated earlier, based on all these findings, a decision was 

made to go further with Individual comfort and flexibility at home. The next stages will target 

concepts for these two scenarios. 
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7. OPPORTUNITIES AND REQUIREMENT 

SPECIFICATION  

In this section the consumer needs and the project objectives are translated into requirements and 

presented in form of a requirement specification. The specification is the translation of the whole 

research into technical terms. When the requirements are set and defined, each requirement 

receives an individual weight of importance based on previous research and findings. The outcome 

from this stage is further used for elimination of concepts and technologies.  

7.1 Method used to weight the requirements  

The requirement specification is listed in Table 7-1. There were in total eighteen different 

requirements. They were valued in a three level scale: 1, 3 or 9. The numbers represent their weight 

of importance, where nine was the highest and one the lowest weight. The requirements and the 

weight were necessary to have defined in order to evaluate the concepts in further phases (Ulrich 

& Eppinger, 2008). 

 

This specification was first done individually, with the weight based on the research. Thereafter it 

was discussed with Electrolux, to ensure that the project requirements and their wishes were 

included in the table. 

 

Table 7-1, Requirement specification with their weight of importance 

 

 

 Requirement Weight (Importance) 

1 Cool one individual 9 

2 Be able to be produced, feasibility 9 

3 Operate/cools during temperatures between 20-40 °C 9 

4 Cooling capacity, which is suitable for home activities (200 W) 3 

5 Operate in air with humidity up to 60 % 3 

6 Noise level, max 40 dB  3 

7 Different operation time (up to 120 min) 3 

8 Compact design/space efficient 9 

9 Low weight (max 7 kg) 3 

10 Easy to use/maintain 9 

11 Durability 1 

12 Energy efficient 1 

13 Sustainability 3 

14 Safety 3 

15 Flexible in mobility 9 

16 Low cost 1 

17 Individual settings (airflow, temp., humidity) 1 

18 Add value for consumer 9 
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7.2 Result and motivation for values in the requirement 

specification 

The following section presents the requirements in Table 7-1, with a motivation of the determined 

weight. 

 

Five of the requirements were determined to receive the highest importance value, 9, as these were 

considered to be the most important requirements for what the product must deliver or achieve. 

Cool one individual is the main goal with this project, set by Electrolux. This is the most important 

requirement the product need to fulfill, in order to deliver its functionality. Be able to be produced, 

feasibility, means that the concept needs to be feasible and realistic. It should be able to be 

produced with today’s technologies, materials etc. One other requirement is operate/cool during 

temperatures between 20-40 °C, meaning that the concept should be functional during a variation 

of temperatures. This is determined due to the target groups’ variation in climates and 

temperatures. The temperature in Europe can be between 20-40 ° C during the summer months. 

One important need identified from the consumers’ scenario is that the concept must be 

compact/space efficient. This is also essential in regards to Electrolux portable AC units and to the 

competitors’ products, which is quite large. To make this concept unique and to distinguish it from 

other products it needs to be small and compact. Results from the survey indicated on a need from 

the consumers to have a product that could cool them during different activities. To enable that, 

the concept needs to be flexible in mobility. The last requirement that received the highest 

importance weight was the requirement, add value for consumer. This means that the concept 

should add something for the consumer, increase their thermal comfort, their performance, their 

well-being and thereby create an added value.  

 

Seven of the requirements were determined to receive the importance weight of 3. Cooling 

capacity, which is suitable for home activities (200 W), is based on the most common activities 

performed in a home environment and how much heat a person produce to the air. The concept 

should therefore be able to cool a person during general home activities. Humidity is an important 

factor when thermal comfort is discussed and wants to be achieved. High humidity may occur in 

Europe, mostly outdoors. However, the most common indoor humidity ratio is about 50-60 % 

(ASHRAE Handbook - Fundamentals (SI), 2005). Therefore the concept should be able to operate 

in air with humidity up to 60 %. According to Electrolux’s research, noise is one of the most 

important things when a consumer buys a portable AC unit (Electrolux, Portable Air Conditioners 

- Attitude & Usage Study, 2011). This concept will be used in a home environment while diverse 

activities are performed, which means that the sound cannot be too high and distracting. An 

ordinary AC has a noise level around 25 dB (Martinez, 2015), which this concept will aim to 

achieve. Although, in order not to limit the concepts, the requirement is set to have a Noise level 

of max 40 dB. As said before, the concept shall be used during different activities. A decision was 

made that the concept should have different operation times. The different activities a person is 

doing are of course individual and applied for different lengths of time. However a demarcation is 

decided that the concept needs to be functional for shorter periods, up to two hours. Sustainability 

is set as one requirement for the concept. Sustainability is something that Electrolux is aiming for 

and work with constantly in order to be improved in this area. Therefore it is important that the 

concept is aiming to be sustainable and environmental friendly. Sustainability is also something 

that the customers think is important and the whole society is working with.  
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A desire of the consumers is to become cooled in different situations and environments. This 

requires the product to be able to be moved. One factor that is important regarding movability is 

the weight. Product A is used as benchmarking for this requirement. It weighs slightly less than 

seven kilograms, which is a weight that almost any person can manage to carry between short 

distances. Hence, the requirement is set to Low weight (max 7 kg). Another requirement is that the 

concept should be safe. This means that the product should not expose anyone to danger during 

use or when it is stored. Safety is always important when it comes to products and always needs 

to be taken into account. 

 

The rest of the requirements, four out of eighteen, received an importance weight of 1; Durability, 

Energy efficient, Low cost and individual settings. All of them are important needs to take into 

account, nevertheless for this concept they are the least important requirements in relation to the 

others. The aim of this project is to develop as small product as possible to cool a person. It will 

be used for a limited time and will therefore draw less energy than a standard AC, why the energy 

consumption received a weight of one. The market price for personal cool products on the market 

is high in relation to technology, components and the materials they are made in. This concept 

should fall into Electrolux Premium range category. Therefore, low cost is given an important 

weight of only one. Being able to manage its own settings, such as air flow, is something that is 

an advantage on the concept and may increase its value. 

 

The requirements cover important parameters that are desirable to be familiar with, in order to 

distinguish what the product need to satisfy. All the requirements and their weight of importance 

will be used to eliminate technologies that could be used to create cool as well as eliminate 

developed concepts. 
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8. ELIMINATION OF IDENTIFIED TECHNOLOGIES  

This chapter covers the elimination of the investigated technologies, presented earlier in chapter 

3. The elimination method and the result, as well as motivation for each decision are presented. 

The purpose with this stage is to eliminate technologies and finally present which one that will be 

taken further in the process. This is done before further concept development stages will be 

implemented in order to limit and specify the outcomes.    

8.1 Elimination method 

The investigated technologies that could be suitable for cooling one individual were: 

 

 Vapor-compression 

 Vortex tube 

 Peltier module 

 Absorption refrigeration 

 Evaporative cooling 

 Mechanical fan 

 Magnetic refrigeration 

 Phase change material (in combination with other technologies)  

 

The requirement specification was used to compare the technologies and to get an understanding 

of which technologies that are appropriate to use further in the process. The technologies were 

compared against each requirement, to investigate if they meet the requirement and/or how well 

they meet it. A scale of 0-5 was used, where 0 means that the technology cannot fulfill the 

requirement at all, and where 5 correspond to the technology totally fulfilling the requirement. 

This scale was chosen to create a broad spread in order to obtain significant differences between 

the values. (Ulrich & Eppinger, 2008) 

 

The values, 0-5, were determined based on previous research about the technologies. To evaluate 

the result the determined values were afterwards discussed with the advanced development team 

at Electrolux, who gave their professional opinion about the values. Some values were updated 

after the discussion.  

 

When all the requirements were cross-checked against each technology, a comparison was done. 

The requirements have an importance weight of 1, 3 or 9, received from the requirement 

specification. The weight was multiplied with the received value that the technology had gained 

(0-5). All values were then summed-up and counted. Each technology received a score, depending 

on the determined values. A ranking could then be done presenting how appropriate the different 

technologies were based on the requirements. 
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8.2 Elimination matrix result 

The elimination matrix with all the values and received scores can be seen in Appendix I. The 

technology receiving the highest score had ranking number 1, which corresponds to this 

technology meet the requirement in the best way. The one with the lowest score had ranking 

number 7. The ranking results are presented in the Table 8-1.  

 

A decision was made that phase change material (PCM) would be excluded from the result. To 

use PCM as technology in the matrix may give an incorrect outcome, as a consequence of this 

technology being challenging to use by itself and is hard to evaluate against the requirements. 

PCM can be integrated and combined together with some of the other technologies and thus serve 

its function.  

 

Ranking Technology Score 

1 Peltier 368 

2 Vapor-compression system 364 

3 Absorption 341 

4 Evaporative cooling 322 

5 Fan 318 

6 Vortex tube 263 

7 Magnetic refrigeration 258 

Table 8-1, Elimination matrix results 

 

Analyze and motivation 

The result was relatively close between the technologies in the top, see Table 8-1, while the two 

in the bottom (vortex tube and magnetic refrigeration) had significantly lower scores. The result 

showed that the gap between Peltier and vapor-compression system was only distinguished by four 

points.  

 

Cool one individual, is considered to be the most important requirement in relation to the project 

objective and purpose. How well the different technologies meet it vary somewhat, however all 

the technologies that are evaluated in this phase meet it relatively well. An exception is the fan, 

which least meets this requirement and hence received the value 2.  

 

When it comes to the requirement regarding size, Compact design/space efficiency, the spread of 

how well it can be fulfilled by the technologies was wide. Peltier is a technology that can be 

designed quite compactly, and received the highest value together with the fan technology.     

 

Most of the technologies could operate during temperature between 20-40 °C, which resulted in 

high scores. Evaporative cooling received a lower value than Peltier, Vapor-compression and 

absorption, probably because of evaporative cooling humidifying the air with water. In really high 

temperatures the water condenses on the body and change form to vapor and the cooling effect is 

reduced. One other exception is the fan, which satisfies the requirement the least because of it only 

creating air flow.   
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Magnetic refrigeration obtained low scores on many of the requirements. On the requirement; be 

able to be produced, it was given a low value due to the technology being challenging to integrate 

into a personal cooler and thereby difficult to produce. The materials are expensive and it requires 

large volumes to generate a high efficiency, which will lead to the requirements Low weight, 

flexible in mobility and Compact design/space efficient getting low values. Large magnets with 

high force of gravitation must be handled safely and regarding the requirement Safety, this 

technology in relation to the other is among the least secure.  

 

Elimination 

Magnetic refrigeration and vortex tubes were eliminated directly, as a result of not meeting up to 

the most important requirements and thereby receiving such low scores. A decision was also made 

to eliminate the fan, as an independent technology. Fan as a single technology does not meet the 

requirement well enough and could only create air flow against the user, which creates convection 

against the skin and does not cool the air. Fan as a component is needed and integrated in most of 

the other technologies and thereby it is maintained. The aim with the concept that will be developed 

is to deliver an added value for the consumer. The target is to develop a small, compact and 

portable product. When it comes to these requirements absorption refrigeration is not a suitable 

method to use, due to its volume and need of heat to be driven.  

 

Evaporative cooling is a technology which is Sustainable, has Low noise and is easy to 

use/maintain and therefore received high scores on these requirements in comparison to the other 

technologies. It is a method that is suitable in an environment with low humidity, hence the lower 

value on this requirement.  

 

The technologies that were decided to look further upon were; Vapor-compression system, Peltier 

elements and evaporative method. A number of concepts were made on these technologies to 

investigate the possibilities. However, a decision was made rather quickly about doing further 

eliminations of the technologies in order to only focus on one technology.  

 

The benchmarking indicated that it is hard to develop a smaller vapor-compression system than 

the one used in products on the market, for example Product A. Electrolux develops and produce 

products with vapor-compression system, for example portable air conditioners, split units, as well 

as refrigerators. They have great knowledge within the company regarding air conditioning and 

vapor compression systems. One previous conclusion from research was that Electrolux has a 

possibility to strengthen the consumers’ view of the company’s innovativeness within the air care 

sector. To take an innovative approach, Peltier technology would be considered as something fresh 

and new. 

 

After analyzing and discussing the outcome from the elimination matrix together with all other 

research, a decision was taken together with Electrolux. The technology to use further was 

determined to be the Peltier modules, the rest of the technologies were eliminated.  
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9. CONCEPT GENERATION  

This section presents the concept generation phase. After deciding that the product is going to be 

used in a home environment and the technology which will be applied is Peltier modules, concepts 

were developed. The main components for the system are presented and concepts on the inner 

system with different placement of the identified components are made. Concepts were created to 

meet the consumer needs within a home environment with focus on the two scenarios Individual 

comfort and Flexibility at home. Previous findings about typical situations, activities and existing 

products in a home environment were used to generate concept ideas. Models in form of rough 

mock-ups are created, tested and presented in order to analyze the different concepts.  

9.1 Components needed for the selected technology  

The following is a short clarification of the main components which were identified to be required 

for the system based on the chosen technology, Peltier modules. There are lots of different 

possibilities when it comes to components, some typical designs and dimensions are presented 

here. To identify the main components, research was done. The findings resulted in the identified 

main components for a system based on Peltier modules being; two heat sinks, two fans and a 

Peltier module (Lee, 2010). Figure 9-1 illustrates an example on how the concept and system can 

look like with the identified components.  

 
Figure 9-1, 1- Fan; 2- Heat sink for the cold side; 3- Peltier module; 4- Het sink for the warm side; 5- Fan 

 

Peltier Modules 

A Peltier module, also called Peltier Element and thermoelectric module is based on the Peltier 

process described earlier in chapter 3. When power is added to the module, one side becomes 

warm and the other side becomes cold. The Peltier modules vary in dimension and design, however 

the most common modules have the design of a square with the dimension 50x50 mm and 5 mm 

in height (Ferrotec, 2015). The size depends on how much cooling capacity is required. Though, 

the increase is rather small being only a couple of millimeters larger. A variety of working material 

and mounting options are also available (Ferrotec, 2015). A typical design is presented in Figure 

9-2.  
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Figure 9-2, A typical design of a Peltier module 

 

Heat Sink 

A heat sink is a component used to effectively absorb and eliminate thermal energy, heat, from its 

surroundings. The most heat sinks are designed in metal with numerous of fins and by these 

extended surfaces thermal energy can easily be transported and removed. The cooling fins, fin 

array, are available in a wide variation of different designs. The performance is dependent of the 

thermal conductivity of the fins, the surface area and the heat transfer coefficient. There are both 

passive and active heat sinks available, the difference is that the active heat sinks are working 

together with a fan that forces the thermal energy to be removed faster (Lee, 2010). 

 

Room temperature air enters the heat sink. The heat sink can be colder or warmer than the initial 

room temperature, depending on which side of the Peltier module that is attached. For example if 

the heat sink is mounted on the cold side of the Peltier module, the air that enters the heat sink 

becomes cold and the air out from the heat sink receives a temperature drop. Figure 9-3, shows an 

illustration of this.  

 
Figure 9-3, Illustrating how a heat sink operate 

 

The dimensions are also connected to the presented factors; thermal conductivity, material, fin 

surface and area. When an existing heat sink is going to be selected from a manufacture, the 

thermal conductivity factor is the crucial parameter. Hence, these parameters are not decided and 

the size can only be assumed in this stage. A rough estimation about the size and dimensions where 

done to get an understanding of the final heat sinks possible outer dimensions. The assumed 

dimension for one heat sink is based on the market analysis and research, and is set to be around 

100x100x70 mm. A typical design of a heat sink is presented below, in Figure 9-4. 
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Figure 9-4, Examples on how a heat sink can look  

 

Fans 

A fan is an air pump, creating a pressure difference in the air that causes the airflow (ASHRAE, 

HVAC Systems and Equipment (SI), 2008). There are many options regarding fans and the market 

range is large. The main parameters that affect what type of fan is suitable for this system are; 

dimensions, desired air flow out from the unit, desired air flow through the heat sinks, noise and 

pressure drop.  

 

Two categories of fan design were selected, axial fans and centrifugal fans, presented in Figure 9-

5. These two categories were considered to be most suitable for the system. Axial fans blow the 

air straight through the impeller at a constant distance from its axis. The blade force is directly 

axially from the inlet side to the outlet side. Centrifugal fans work so that the air enters the impeller 

axially and the blades push the air in radial direction, 90°, and then out (Cory, 2005). 

 

 

 

 

 

 

 

 

 

Figure 9-5, presenting a typical design of a centrifugal fan and an axial fan (Cory, 2005) 

 

As indicated, fans vary in performance, shape, design and size. The purpose with these fans is to 

remove the thermal energy from the heat sinks, thereof the decision depends on all other 

components and factors. The size of the fans that will be used for further concept development is 

assumed to be different models and have a variation of sizes, though relatively small.   

9.2 System concepts  

Concepts were created based on the identified components the system is going to have. Large 

variations of different components, with different designs as well as different ways of operating 

are available on the market. To select the optimal components, further research and calculations 

are essential to reach the demanded performance as well as result. Specific components could not 

be determined in this phase.  
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The most common and typical components were used as a guide to generate concepts, these were 

presented in the previous paragraph. The size of the identified components through benchmarking, 

see Appendix J, were also used as size comparison. Based on these conditions, possible solutions 

for how the components could be placed resulted in concepts. These concepts are created to get an 

idea of the different possibilities that can be created and how the components could be placed in 

the best way. Air inlets and outlets depend on the whole system, how the components are placed 

and what kinds of fans are used.  

 

An illustration on how the concepts were developed is presented in Figure 9-6. These are two 

sketches of concepts with different components and placements. They are made to demonstrate 

the air flow and dimensions in a clear way. The components have different placements, which can 

be seen in the Figure 9-6.     

  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9-6, An illustration on how the concepts were developed       
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Five concepts were developed and are presented, named A to F. As stated, the developed concepts 

are based on a variation of components, different placement of components and different air flow 

directions. The components are sketched as blocks and the estimated dimensions and volume were 

roughly decided. The concepts are presented in Figure 9-7, more sketches on the concepts can be 

seen in Appendix J.  

 

 

 

Figure 9-7, Concept A-F, sketches with dimensions and market air flow 
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9.3 Volume mock-ups on concepts 

Peltier was selected as the technology to use further in the process, rough mock-ups were made to 

evaluate the volume. The volumes were generated from the developed concepts, A to F, which 

were based on existing components that are needed for the system and a variation of how they 

could be placed. A few modifications were made, some of the concepts were rotated to be either 

standing or laying down. Air flow was marked to demonstrate the inlets and outlets, see Figure 9-

8. The mock-ups were made in paper in a scale of 1:1. To symbolize the cooled air that blows 

towards the consumer, a handheld fan was mounted on the models.  

 

 

 
Figure 9-8, Volume mock-ups 

 

The dimensions of the models vary, depending on the different concepts and their placement of 

components, however the determined dimensions from the developed concepts were used. Each 

concept generated in a volume mock-up model.  

 

The mock-ups were tested during different scenarios to investigate their abilities and placement 

and also with the aim to provide a feeling of the dimensions, see Figure 9-10. The mock-ups were 

placed on a desk, in kitchen areas, on a coffee table and in an office. To proceed with the process, 

the tests were evaluated. It appeared that: 

 

 The mock-ups with a lower height are more likely to blow air closer to the surface they are 

standing on, which makes it more difficult to place things in front of the product without 

blocking the cooled air stream against the consumer.  

  

 Big footprint (the area that the product occupies on a surface) is harder to place on a surface, 

due to it taking up more space than the mock-ups that have a smaller footprint. 

 

 Air flow direction, inlets and outlets on both the cold and the warm side, were compared in 

order to find the most appropriate solution. One hypothesis is that the cold and warm outlet 

will affect each other if the inlet and outlets air is too close.   
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Figure 9-10, Mock-up test. Leisure, cleaning, working and cooking 

  

These conclusions resulted in the higher models being more interesting and suitable. Volume 

mock-ups made on Concept D and F, were chosen to take further in the process. They can both be 

placed to operate high and the outer dimensions on these to concept are rather similar.  

 

The final dimensions and the components volume were determined later on. The same applies to 

the air flow, inlet and outlet, which also depends on the final decision of components. Nevertheless, 

a target dimension of the outer shell was established from the volume mock-ups.  

9.4 Profile design concepts  

A form study was made on the outer profile. Different concept ideas were sketched to generate 

concepts on how the product can be presented and designed. This was done to create a feeling for 

the whole upcoming concept, with some details as handles, control bottoms etc. Sketches and 

rough CAD models are presented in Figure 9-11 and more sketches are presented in Appendix K.    
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Figure 9-11, Sketches on concepts, outer shells and profiles   

9.5 Profile design mock-ups on concepts 

Concepts of the outer profile were created and rough mock-ups in scale 1:1 were done. The main 

form is based on the concepts that were decided to take further from the volume mock-up 

evaluation. The design is also inspired of the concepts made on the profile design above. Split lines 

and assembly options were taken into consideration when the mock-ups were created. Figure 9-12 

present the developed profiles that were designed. In order to create a compact product, the aim is 

to keep the volume as small as possible, thereof the “box” design is to follow the internal 

components. Some of the mock-ups are designed with open sides, were the grid for air flow could 

be assembled. 

 

 
Figure 9-12, Profile mock-ups 

 

The different shapes were discussed and a conclusion was made to go with simplicity. One 

objective was furthermore to complement Electrolux existing products and their different 

expressions regarding profiles. Hence, some of the mock-ups were eliminated due to production 

issues with the design. The profile that is marked with a circle, see Figure 9-12, was selected to 

continue with. The chosen profiles was refined and then 3D-printed to create a better feeling of 

the expression. 
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10. SYSTEM DEVELOPMENT 

This chapter presents the development of the final concept. Focus is on the inner system in order 

to identify and select the main components. First the methods that are used for calculating the 

values are explained and presented. Thereafter the results of the calculations are described, as 

well as the taken assumptions and decisions.  

10.1 Introducing the general system  

A thermoelectric air cooler, based on Peltier modules, is going to be designed. The main 

components needed for the system are a Peltier module, two heat sinks and two fans, see Figure 

10-1. For designing a cooling system based on thermoelectric cooling a number of parameters 

must be defined. Some of them are already determined and the other needs to be calculated or 

estimated. Q̇c,total is the quantity of heat transported at the heat sink which is mounted against the 

cold side of the Peltier module. This is the cooling capacity of the system (Lee, 2010). The heat 

dissipation at the warm side on the Peltier module,Q̇h, is the amount of heat that is needed to be 

transported a way by the other heat sink (Lee, 2010). Electricity is added to the Peltier module,Ẇ, 

to make the energy go from a low temperature to a high temperature, creating a temperature 

difference (Lee, 2010). Energy balance and the first law of thermodynamics give the following 

equation (Cengel, Turner, & Cimbala, 2008): 

 

�̇�𝑐,𝑡𝑜𝑡𝑎𝑙 = �̇�ℎ − �̇�   [1] 

 

This specifies that Q̇h is Q̇c plus Ẇ, therefore the heat sink on the warm side may be larger than 

the heat sink on the cold side (Lee, 2010). 

 

The ratio of the desired cooling capacity effect to the cost expressed as work is the efficiency of 

the system, conveyed in coefficient of performance (COP) (Incropera, DeWitt, Begman, & Lavine, 

2011): 

 

 

 

 

 

 

 

 

 

 

 

 

�̇� =
�̇�𝑐

𝐶𝑂𝑃
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Figure 10-1, illustrating the system and the temperature changes through the system. 

 

To demonstrate the whole system, a schematic figure of the temperature distribution is created in 

Figure 10-1. The graph in the figure shows the temperature changes in the system. As it is seen in 

Figure 10-1, there are four temperature differences that need to be determined. The four 

temperatures in Figure 10-1 are described below: 

 

1. Tperson, is the air temperature around the user. 

2. Tc, is the junction temperature between the cold side on the Peltier module and the heat sink. 

3. Th, is the junction temperature between the warm side on the Peltier module and the heat sink. 

4. Tair, is the air temperature. 
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10.2 Air flow and temperature tests 

To deliver cold air at a determined temperature around the consumer, the air that leaves the heat 

sink needs to have a certain temperature and blow with a certain velocity. Hence, the volume flow 

rate, the velocity of the air and the temperatures on the heat sink are needed to be defined. Two 

different tests were performed. Both tests were performed on the Product A, which was used for 

benchmarking. The choice to use this product was made since the velocity was perceived as 

relatively good. Concerning the temperature of Product A, the user felt comfortable standing at a 

distance of 50-70 cm from the product. One test was done to create an idea of how much volume 

flow rate the fan needs to produce. The other test was done to investigate the air temperatures on 

the warm and cold side at different distances from the product. The purpose was to use these values 

as a guide for further development of the systems final parameters.  

 

Air flow test 

To measure the volume flow rate from the outlets, the velocity of the air and the outlet area needs 

to be identified. It is not possible to measure the velocity directly by the outlet, therefore it was 

decided to build a wind tunnel, see Figure 10-2. The tunnel was made in foam and the purpose was 

to lead the air into the tunnel. The tunnel was mounted on the outlet, tape was used to be sure there 

was no air leakage. The dimension of the tunnel was 86x143x680 mm and the outlet area was 

0,0123 m3. A small hole was made 340 mm into the tunnel. A velocimetry was used to measure 

the velocity and was placed in the middle of the tunnel. 

 

 
Figure 10-2, Air flow test 

 

Product A has two different settings. Both settings were required to be evaluated in order to collect 

a variation in data. The first test was done with turbo setting mode. The tunnel was mounted on 

the cold outlet and an air velocity meter was placed in the hole to measure the velocity of the air, 

V. The values on the air velocity meter were varying and to be able to collect trustworthy data, 

several tests were completed and a mean value of all the results was calculated. The tunnel was 

then mounted on the warm side and the same procedure was repeated. The second test was done 

with the other mode, called ** setting. Both the cold outlet and the warm outlet were tested, with 

the same procedure as the test with turbo setting.  
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After calculating a mean value for each test and for the different outlets, the volume flow rate was 

calculated by the following formula (Cengel, Turner, & Cimbala, 2008): 

 

�̇� = 𝐴𝑉 [m3/s] 

Where: 

A, is the area of the outlet [m2] 

V, is the speed of the air [m/s] 

 

A summary of the results is presented in Table 10-1. The entire test is presented in Appendix L. 

The result indicates that the differences between the two settings were relatively small. The flow 

rate from the cold outlet, V̇c, is around 0,019 m3/s and from the warm outlet, V̇h, is around 0,017 

m3/s. Allowing the parameters for this system to be defined to: 

�̇�𝑐 = 0,019 [m3/s] 

�̇�ℎ = 0,017 [m3/s] 

 

Setting Cold side [m3/s] Warm side [m3/s] Difference between the outlets [m3/s] 

Turbo 0,019995 0,017340 0,002655  

** 0,019194 0,017349 0,001845 

Table 10-1, Result of the air flow test 

 
Temperature test 

A temperature test was performed by measuring the air temperature with different settings and on 

different distances from Product A. The temperature was measured in Celsius, °C, with an air 

velocity. Three tests with different settings and different room temperatures were completed.  

 

Test 1: Turbo setting, in room temperature 21°C 

Test 2: ** Setting, in room temperature 23°C 

Test 3: Turbo setting, in room temperature 25°C 

The different room temperatures were selected because of the variation of conditions in home 

environments. Three different distances were used, during the tests. The temperatures at each 

distance were measured in order to gain knowledge about how much the temperature changes by 

the distance. The first distance was determined to be exactly by the outlet, named 0 mm at Table 

10-2 and Figure 10-3. The second distance was 50 cm away and the last distance was 70 cm away 

from the product. The temperature by the cold outlet is Tcold and the temperature by the warm 

outlet is Twarm. 

 

The first test, Test 1, was done with Turbo setting in a room temperature of 21°C and the first 

distance was at 0 cm. The temperature by the cold side, Tcold, was measured at three different points 

so that a mean value could be calculated.  After this, the distance was increased to 50 cm and three 

different temperatures were measured and a mean value was again calculated. The same was done 

with a distance of 70 cm. The same procedure was then repeated on the other outlet of the product, 
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the warm outlet Twarm. Test 2 and Test 3 had the same approach as Test 1, what changed were the 

setting and room temperature.  

 

A summary of the results from the temperature tests is presented in Table 10-2. The complete data 

is presented in Appendix L. 

 

Distance [cm] Test 1: 

Tcold [°C] 

Test 1: 

Twarm [°C] 

Test 2: 

Tcold [°C] 

Test 2: 

Twarm [°C] 

Test 3: 

Tcold [°C] 

Test 3: 

Twarm [°C] 

0  14,5 30,3 15,2 30,7 18,6 34 

50  18,7 24,9 18,9 24,7 22,4 27,6 

70  19,2 23,3 19,2 24 23,3 27,3 

Table 10-2, Result of the temperature test 

 

The result presented in Table 10-2, indicates that both the output temperatures, Tcold and Twarm, are 

somewhat affected by the room temperature. Higher room temperature resulted in higher outlet 

temperatures, which is reasonable. The outlet temperature by the cold outlet, Tcold, at a distance of 

0 cm, were between 14,5-18,6°C on the tests, with a temperature drop between 5,6-7,8 °C. The 

arm outlet, Twarm, was between 30,3-34°C, with a temperature upturn of 7,7-9,3°C. As seen in 

Figure 10-3, the temperature difference is the highest between the outlets at 0 cm.  

 

Figure 10-3, Temperature tests, at various distances 
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10.3 System heat load calculations 

The total heat load, Q̇c,total, is the cooling capacity required for the system. Thermal energy is the 

sensible and latent forms of internal energy, and the heat load can consists of both forms of heat, 

depending on the input parameters and the environment conditions (Incropera, DeWitt, Begman, 

& Lavine, 2011). The basic formula is as follows: 

 

 

 

Where: 

Q̇C, latent, is the latent heat [W] 

Q̇C, sensible, is the sensible heat [W] 

 

The sensible heat is heat transferred depending on temperatures, velocity and air parameters. If the 

temperature changes are above the dry bulb temperatures, there is no condensation. The latent heat 

is the amount of energy released during condensation, and the quantity is depending on the dry 

bulb temperature (Cengel, Turner, & Cimbala, 2008). The formula for calculating the sensible 

heat: 

 

 

 

Where: 

ṁ, is the mass flow rate [kg/s]  

Cp, is the specific heat capacity parameter.  

∆Tair, is the temperature difference between the achieved temperature Tperson and the room 

temperature Tair. Calculating from formula:  

 

 

 

The mass flow rate is calculated from the following formula (Cengel, Turner, & Cimbala, 2008): 

 

 

 

Where: 

ρ , is the density of the air and the volume flow rate [kg/m3] 

V̇, is the volume flow rate [m3/s] 

 

In order to receive the total heat load for the system, the following formula is used:  

 

 

 

 

Where: 
∆hair is the enthalpy change between the input and output parameters. Enthalpy is a property that includes 

the internal energy and flow work (ASHRAE Handbook - Fundamentals (SI), 2005).  

 

�̇�𝐶, 𝑡𝑜𝑡𝑎𝑙=�̇�𝐶𝑝∆ℎ𝑎𝑖𝑟 

�̇�𝐶, 𝑡𝑜𝑡𝑎𝑙=�̇�𝐶, 𝑙𝑎𝑡𝑒𝑛𝑡 + �̇�𝐶, 𝑠𝑒𝑛𝑠𝑖𝑏𝑙𝑒 

�̇�𝑐,𝑠𝑒𝑛𝑠𝑖𝑏𝑙𝑒=�̇�𝐶𝑝∆𝑇𝑎𝑖𝑟 

�̇�=ρ*�̇� 

∆𝑇𝑎𝑖𝑟=𝑇𝑅𝑜𝑜𝑚 − 𝑇𝑝𝑒𝑟𝑠𝑜𝑛 
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To investigate the possible enthalpy changes for the system, a computer program Atecyr was used. 

Different input parameters that were considered to be suitable were tested later on during the 

calculations, in order to use the values for calculation of the total heat load.  

 

The dew point is the temperature level where the vapor within the air condenses into water, thereby 

temperatures below the dew point will generate water from the air. Room temperature, cooling 

temperature and the relative humidity ratio are parameters that affect if the system will generate 

condense or not (ASHRAE Handbook - Fundamentals (SI), 2005).  

 

A computer program, Atecyr, was used to identify dew points. The room temperature, Troom, is 

defined to be between 26 °C and 27 °C and the humidity is determined to be 50% during all the 

calculation, with the advice from Israel Martinez, from Electrolux R&D Air care. Because of this 

these are the commonly used values when they test their air conditioner units. The results are 

presented in Table 10-3. 

 

Room temperature Relative Humidity Dew point 

26 °C 50% 14,8 °C 

27 °C 50% 15,7 °C 

Table 10-3, Dew points at different temperatures  

 

The conclusion is that if the heat sink by the cold side of the system is below the dew point, 

condense will be generated. This will affect and take energy from the system and needs to be 

considered during the calculations. The ideal would be if the system can operate over the dew 

point and at the same time cool the individual. If this cannot be achieved, the objective is to be as 

close as possible to the dew point in order to develop an effective system.    

 

The parameters in table 10-4 are the same through all the calculations and are determined from 

previous research or standard values. 

 

Parameter  Value 

V̇c 0,019 [m3/s] 

V̇h 0,017 [m3/s] 

Cp 1004 [J/(kg*K)] 

m ̇  0,019 [kg/s] 

 Table 10-4, Parameter values used for calculations  
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10.4 Guidelines to determine temperature values  

In order to determine appropriate temperature values for the four different stages in the system at; 

Tperson, Tc, Th, and at Tair, several iterations were needed to be done. Some initial temperature 

guidelines were developed and determined due to previous decisions and research. These 

guidelines were used to calculate the temperature difference, ∆Tair, needed to determine the 

cooling capacity. 

 

 The air temperature in the environment is defined to be between 20-40 °C, according to the 

requirements. The temperature is set to be between 26-27 °C during the calculations.  

 

 The result from the temperature test was that a temperature at 21 °C is a suitable approximation 

to use for the air around the user to feel comfort.  

 

 According to (Lee, 2010) it is usually assumed that Th is approximately 15 °C higher than the 

air temperature, Tair, allowing the heat dissipation to be possible.  

 

 The temperature test in section 10.2, showed that the air temperature by the cold outlet was 

around 14-15 °C. According to (Lee, 2010) it is usually assumed that Tc, is approximately 

10°C lower than the air temperature by the person, Tperson, because of the same reason as before. 

This was also taken in consideration during the calculations. 
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10.5 Calculation method to identify a suitable Peltier module 

To design the concept and to achieve a result based on the given and calculated parameters, a 

process consisting of the following three steps was used (Lee, 2010):  

 

Step 1: Determine Q̇max 

Step 2: Select a Peltier module with the obtained Q̇max  

Step 3: Determine the current I, input power Ẇ, voltage V and the heat load on the warm side of 

the Peltier module Q̇h. 

 

These three steps are essential to be able to choose a module based on the defined parameters, and 

also to identify possible difficulties with the set values. The outcome may result in that there are 

no components that can fulfill the criteria’s which means that the process needs to be iterated and 

the parameters revised.  

 

Step 1 

The maximum temperature ratio is the required temperature difference between the two sides of 

the Peltier module, divided with the maximum temperature difference that the module can deliver. 

Most commercial Peltier modules have a ∆Tmax at approximately 68 °C (Lee, 2010). This was also 

assumed during the initial calculations and was then updated when the Peltier module was selected 

and the real value could be identified. The temperature difference is calculated with the following 

formula: 

 

                                                       [2]    

 

 

Where: 

 

 

The resulted value were used to determine the COP and the maximum current ratio through from 

Appendix M, graph a. The maximum current ratio has the formula (Lee, 2010): 

 

                                                    [3] 

 

 

Thereafter, the received values were used in graph b in Appendix M, to identify the approximate 

maximum cooling rate ratio: 

 

  

 

 

When this value was received, could Q̇max be dissolved. Q̇c,total was identified from previous 

calculations, which allows Q̇max to be obtained from the above formula. 

 

 

∆𝑇𝑝𝑒𝑙𝑡𝑖𝑒𝑟

∆𝑇𝑚𝑎𝑥
 

∆𝑇𝑝𝑒𝑙𝑡𝑖𝑒𝑟=𝑇ℎ − 𝑇𝑐 

𝐼

𝐼𝑚𝑎𝑥
 

�̇�𝐶,𝑡𝑜𝑡𝑎𝑙

�̇�𝑚𝑎𝑥
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Step 2 

With the above parameters it was possible to select a suitable commercial Peltier module, based 

on Q̇max. The Peltier modules have specific data on their performance. If the selected commercial 

modules parameters, Q̇max or ∆Tmax is significant different from the ones used during the 

calculations, a recalculation could be needed with the specific values obtain from the manufacture 

of the Peltier module (Lee, 2010). However, if the values used during the calculations are almost 

similar, could these values remain. 

 

Step 3 

The electrical input power, Ẇ, that were needed for the system were determined from earlier stated 

formula, [1],  Q̇c,total = Q̇h − Ẇ , together with the following formula: 

 

�̇� =
�̇�𝑐,𝑡𝑜𝑡𝑎𝑙

𝐶𝑂𝑃
 

 

As a result of this Q̇𝑐 and COP are known values, the input power could be identified. The heat 

that need to be rejected,Q̇h, from the hot junction were determined from formula [1] resulting in 

the following:  

 

�̇�ℎ = �̇�𝑐,𝑡𝑜𝑡𝑎𝑙 + �̇� 

 

The current that is needed for the system, with the selected Peltier module, were identified through 

the following formula, [4]. Where the first term is from equation [3] and the second term, Imax,p , 

is received from the Peltier modules data sheet. 

 

𝐼 =
𝐼

𝐼𝑚𝑎𝑥
∗  𝐼𝑚𝑎𝑥,𝑝  [4] 

 

Using the resulted values from formula [2] and [4], the maximum voltage ratio was identified 

through graph c, from Appendix M: 

 

𝑉

𝑉𝑚𝑎𝑥
 

 

The desirable voltage, V, was then determined through the formula: 

 

𝑉 =
𝑉

𝑉𝑚𝑎𝑥
∗  𝑉𝑚𝑎𝑥,𝑝 

 

All the required parameters are now identified in order to select a Peltier module. The only things 

left for the system are the heat sinks, which will be presented in the next section. 
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10.6 Calculation method to identify suitable heat sinks 

To identify suitable heat sinks for both the warm and the cold side of the Peltier module, some 

calculations were needed to be done. When selecting existing heat sinks from the market, the 

manufactures of heat sinks provide a value of the thermal resistance, Rth, which is used to find a 

suitable solution for the system. It is important to study the size in comparison to capacity, when 

selecting heat sinks. 

 

The thermal resistance value, Rth, was used to identify heat sinks that correspond to the calculated 

values. A simplified formula that does not take into account possible losses was used when 

studying the temperature differences and the heat load. This formula is possible to use when an 

existing heat sink needs to be selected and not design. The formula is as follow:   

 

�̇� =
𝑇ℎ − 𝑇𝑎𝑖𝑟

𝑅𝑡𝑠
 

 

Where: 

Q̇, is the heat dissipation, the quantity of heat that is transported 

Rth, is the thermal resistance, obtained from the manufacture  

Th, is the junction temperature between the warm side on the Peltier module and the heat sink 

Tair, is the air temperature 

All the parameters are known, except the thermal resistance, Rth, which makes it possible to 

calculate it. 

10.7 Implementation and result of the calculations 

To investigate the heat load for the system, Peltier module and the heat sinks, the process was 

iterated several times. The purpose was to get an idea of how big the different components needed 

to be for the final concept and precise parameters are not essential this project. Inlet parameters 

and conditions were updated and changed to find an optimal solution for this concept, based on 

system size, temperatures, efficiency and air flow. The resulted values need to be applicable for 

the whole system, both Peltier modules and the heat sinks need to be able to remove the waste heat 

and deliver the cold air to the consumer. Another important thing to take into consideration is the 

calculated values, which must correspond to the components on the market. The different values 

and components are dependent on each other, which is a difficulty. 

 

The procedure looked like this: 

 

 The first step was to determine the temperature values Tperson, Tc, Th and Tair. The initial 

temperatures used for the first iteration were done based on qualified guesses from the 

temperature guidelines stated earlier in section 10.4, together with the requirements.  

 The temperature values were used to identify the cooling capacity,Q̇c, through the heat load 

calculations, see section 10.3.  
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 Both the temperature values and the cooling capacity were used to find a suitable Peltier 

module, based on the calculation method described in section 10.5.   

 When a Peltier module was found, the parameters were updated based on the specific data 

from the manufacture. 

 Then, the next step was to identify the heat sink through the calculations described in section 

10.6 

This procedure was iterated several times, starting with the most desirable input temperatures with 

the hope of that the result would work and components could be found. The starting temperature 

creates a temperature drop of 6 °C, which is considered to be an ideal drop in order to really feel 

the cold (Metin, 2015).  

 

The result of the procedure with a starting temperature based in the temperature guidelines in 

section 10.4, showed that it is hard to find a Peltier module as well as a heat sink that could work 

for this concept. The size of the heat sink for the warm side needs to be big in order to remove all 

the necessary heat. A decision was taken to decrease the temperature difference between the 

values, in order to see if the result will be better. This was done in several iterations and the 

procedure was repeated. The findings were that temperatures drop of around 4 °C resulting in 

values that could correspond to components.    

 

An attempt was done to try to use two Peltier modules instead of one, to see if the outcome could 

be better (COP value and the other parameters). The only difference with the calculations described 

earlier is the cooling capacity,Q̇, which is now divided in two. Results in that one module need to 

generate half of the total cooling capacity. The procedure was iterated again and the finding was 

that two Peltier modules resulted in better values. The heat that generates on the warm side,Q̇h, of 

the Peltier module could be reduced a bit with two modules.  

 

A selection of the calculated iterations could be seen in Appendix N which presents the different 

input parameters as well as the results. To use two Peltier modules together with a smaller 

temperature drop creates values that could correspond to components on the market. The final 

outcome was that if the system is operated in an initial air temperature of 26 °C, Tair, the system 

will make a temperature drop of 4°C, resulting in Tperson to be 22°C. 

 

It is also an advantage to have the temperature Tc near the dew point in order to avoid the amount 

of condense water and reduce the heat load. Then again, it is a consideration regarding the 

temperatures in order to design a system based on requirements, existing components and size. If 

the temperature Tc is too high, there is a risk that the system cannot deliver air with the desired 

temperature. The dew points were earlier identified in table 10.3. Tc was approximated to be 14°C, 

which is only 0,8°C under the dew point.  

 

The components were selected to be two Peltier modules, two heat sinks and two fans. They are 

later presented in section 11.1. The calculations of the final values were updated based on the 

selected Peltier modules and the cooling capacity,Q̇h, of the system will be around 120 Watt, 

created of two modules. The concept will blow the cold air against the user and the cooling 

capacity together with the air flow is assumed to be enough for this concept. Together with air 

flow created by the fan, it will be a product that cools in a combination the air flow and the cold 



65 

 

air. Q̇h is determined to be around 200 W resulting in that the heat sink of the warm side require a 

thermal resistance, Rth, of approximately 0,08 °C/Watt and on the cold side 0,12 °C/Watt. 

 

Since this is a project in an early concept stage, the calculated values are primarily intended to give 

an idea of the concepts overall size. The values and the result should be taken as guidelines for 

further development and tests.    

10.8 Placement of components 

Two concept proposals with different air flow directions depending on how the possible main 

components are placed within the unit were developed, see Figure 10-4 and 10-5. The design of 

these two concepts are based on the volume mock-up tests, see section 9.3. What affects the 

possibilities for different concepts are mostly the components and their existing design and size, 

but also the air flow direction. The two arrows represent the airflow through the unit. When the air 

crosses the heat sink, a temperature drop/rise will occur. The blue arrow represents the temperature 

change and air flow for the cold air and the red one represent the temperature change and the air 

flow on the warm side.  

 

Concept 1 

Concept 1 is presented in figure 10-4. Air is entering the centrifugal fan and is then pushed in a 

90° direction up through the heat sink, and is then lead out from the unit. The air flows direction 

is the same on both the warm and cold side. The Peltier module is placed vertically, creating a 

vertical separation of the components as well as the air flow. The two different air flows are totally 

separated from each other, which probably is an advantage when it comes to the systems 

performance. To enable this design, the concept is based on centrifugal fans.  

 

Figure 10-4, Presenting Concept 1 
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Concept 2 

Concept 2 is presented in figure 10-5. Air is entering the fans and then passes straight through the 

heat sink and out on the opposit side. On this concept the Peltier module is placed horiontally, 

creating a horizontal separation of the components as well as the air flow. One possible advantage 

with this concept is that it allows the air to go straight and that reduce pressure changes. To enable 

this design, the concept is based on axial fans.    

 

 

Figure 10-5, Presenting Concept 2 

 

Concept 1 and 2 were evaluated. The air flow direction, placement of inlets and outlets as well as 

the overall design were compared against each other. Regarding concept 2, it could be a risk that 

the airflow for both sides affects each other in a negative way. The air that will become cold passes 

through the heat sink in the top. The inlet for this heat sink is on the same side as the outlet for 

warm air, which means that the air that enters the cold heat sink should become warm. The system 

needs to take this into consideration and have higher performance or less cooling capacity. Hence, 

the air flows of concept 2 are more preferable when they are separated on different sides. 

Elimination was done and the result was to go further with concept 1. The identified components 

for the system are possibly to place according to the concept proposal 1.  
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11. FINAL CONCEPT 

This section presents the final concept. The selected components together with the inner structure 

are designed and visualized through a CAD-model. The outer design is also presented in form of 

a CAD-model, along with a prototype made in order to create a feeling of the dimensions and 

shape. Furthermore, descriptions of secondary functions and how to interact with the concept are 

presented.  

11.1 Selected components for the final concept 

The components that needed to be selected were; Peltier modules, heat sinks and fans. These three 

components are selected in order to collaborate with each other, since they all affect the system. 

In order to remove the thermoelectric energy, an active system is used, meaning that the system 

uses fans to remove the thermal energy from the heat sinks (forced convection). Electrolux does 

not use these types of components for this purpose today, therefore there were no pre-determined 

manufactures to turn to.    

 

Peltier modules 

Manufactures of thermoelectric modules, Peltier modules, were examined in order to find suitable 

modules with the desired parameters. Ferrotec is a manufacturer with a large range of solutions 

and the needed modules could be find in there assortment. As stated, instead of using only one 

Peltier module, two Peltier modules are used in order to create the desired capacity. The two 

selected Peltier modules are identical and the design is presented in Figure 11-1. Technical data 

can be seen in Appendix O.  

 
Figure 11-1, The selected Peltier module (Ferrotec, 2015) 

 

Heat sink 

The thermal energy that will be created by the Peltier modules will be removed by a heat sink on 

each side on the Peltier modules, one for the cold side of the Peltier modules and one for the warm 

side. The heat sinks are selected from the previous calculations and assumptions. Several 

manufactures of heat sinks were investigated. One big manufacture is Fisher Electronik, with core 

competence of heatsinks and concepts for semiconductor cooling (FisherElectronik, 2015). The 

thermal resistance, Rth, for the cold side is around 0,12 °C/Watt. The thermal resistance, Rth, 

needed for the warm side is approximately 0,08 °C/Watt. These two values are quite close and a 

decision was made to have the same heat sink for both side to be similar. The selected heat sinks 

were found in the range of Fisher Electroniks assortment and the thermal resistance of the 

component is 0,12 °C/Watt and the dimensions are 100x125x74 mm. The design of the heat sink 

can be seen in Figure 11-2. Drawings and product sheet for the heat sink can be seen in Appendix 

O. 
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Figure 11-2, The design of the selected heat sink (FisherElectronik, 2015) 

  

Fans 

There are many options regarding fans. As already indicated, the main parameters that affect what 

type of fan that is suitable for this system are; dimensions, desired air flow out from the unit, 

desired air flow through the heat sinks, noise and pressure drop. The pressure drop that the air will 

have over the system will not be able to simulate, hence this parameter will be eliminated during 

the selection of components.  

 

The selected heat sinks are from the manufacture Fisher electronik. They suggest an axial fan for 

the selected heat sinks. The heat sinks require an air flow of minimum 56 m3/h (0,015 m3/s) in 

order to operate according to the requirements, which is slightly lower than the air flow used during 

the calculations that was 0,019 m3/s. The air flow value during the calculations was used as a 

guideline and was grounded on the air flow test, see section 10.2. The selected air flow to 

determine the fan must consider the heat sinks requirements in order to make the system work 

properly. Therefore the desired air flow is set to meet the heat sinks on both the cold and warm 

side.  

 

The decided direction of air flow and placement of components, see section 10.8, making it 

difficult to integrate an axial fan to the system. A centrifugal fan could operate according to the 

decided concepts. Different fan manufacturers were examined. A centrifugal option was found at 

the manufacture ebmpapst that could meet the set air flow value, see the design of the fan in Figure 

11-3. The air flow is 61 m3/h and the dimensions are 97x93,5x33 mm. More the technical data can 

be seen in Appendix O. 

 
 
 
 
 
 

 

 

Figure 11-3, The design of the selected fans 
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11.2 Presenting the outer design  

The final outer shell design was mostly made by V.Cronsby. A prototype on the final concepts’ 

outer design was made and can be seen in Appendix P. Two variations of the final concept are 

going to be presented, Figure 11-4.   

 

As said, two variations of the final concepts’ outer design were done. What makes them different 

is the location of the display and the choice of material, otherwise are they exactly the same. The 

outer dimensions are 160x160x300 mm. The dimensions are approximated based on the placement 

of the inner components and their size.  

 

The material selection creates two different expressions. The one to the right on figure 11-4 is 

made in wood, resulting in a softer feeling and is associated with furniture’s. While the left one is 

made in plastic, creating a more traditional appearance and simplicity. Both models will be 

presented and used for further explanations of the final concept of the personal cool.  

 

 

 

 

 

 

 

 

Figure 11-4, Two variations of the final concept 
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11.3 Presenting the general inner structure and design 

In addition to the main inner components, a general construction for the whole system was made. 

The whole system is presented in an exploded view were components and their placements are 

included, see Figure 11-5.  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 11-5, Exploded view of the construction 

 

Between the two heat sinks is isolation, to separate them apart. This is important in order not to 

affect the different heat sinks temperatures in a negative way. To make it possible for the consumer 

to direct the air on the cold side, a movable grid is attached in front of the air outlet that could be 

rotated in vertical direction. Space has been considered for potential electronics and is symbolized 

in form of a black box, seen on Figure 11-6 down to the left. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11-6, The design of the inner concept 

 

As an addition feature on this product, it was decided to integrate a filter with the air inlet. One 

suggestion is that it could be a HEPA-filter. The idea is that this filter could be a standard filter, 
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which could work as secondary function for the concept. A HEPA-filter can filter out very small 

particles and in that why this product could be used for cleaning the air. The filter is mounted in 

tracks and has a handle, to facilitate the maintenance.   

 

There is a risk that some condensation will occur during the operation. A water container is 

designed to store the condensation water and the consumer can easily remove the container and 

empty it.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11-7, Presenting the filter and water container 

 

Figure 11-8, describes the resulting air flow direction, inlets and outlets for the concept. Both the 

cold and warm air is illustrated in the figure. The grid on the backside continues up on the top of 

the product, allowing the warm air to be directed up away from the consumer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11-8, Presenting the air inlets and outlets 
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11.4 Product interaction 

When the final concept was established and the inner components were identified and placed, 

further development for the outer construction was done. Different settings and additional 

functions were decided. The interaction was developed together with V.Cronsby. The interaction 

is presented in Figure 11-9. 

 

 

Figure 11-9, The product interaction  
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11.4.1 Display  

Two different concepts were done on the outer design. What distinguishes these two concepts, in 

addition to the different materials on the shell, are the placement of the displays, see Figure 11-10. 

On one of the concept the display is placed on the edge between the front and the top of the product. 

On the other concept the display is placed on the upper right corner, on the front side. How they 

are used and how the operate are the same and they also use the same symbols, see Figure 11-11.  

 

 

Figure 11-10, The two variations of display 

 

There are different symbols that indicate the settings. The symbols are used accordingly to 

Electrolux graphic profile template of their standard product symbols. The digital functions 

include ON/OFF, cooling intensity, eco mode and Wi-Fi connection. These functions are managed 

with the same bottom, which is the on/off bottom with a stand-by symbol on it. 

 

On/off           

Wi-fi 

Eco mode 

Cooling mode 

  

Figure 11-11, the different symbols on the display, that indicates which setting that is active   

 

The different settings of cooling that are symbolized by snowflakes do not affect the Peltier system. 

The idea with this function is that the air flow will change, from low to high. This makes the 

relative feeling of cold air increase with higher air speed. 

 

The concept has a setting called Eco mode. When Eco mode is activated the Peltier system is 

turned off and only the fans are activated. The product blows non-cooled air against the consumer. 

The air is passing the trough the HEPA filter and becomes cleaned. This creates a possibility for 

the consumer to use the product as an air purifier combined with a traditional fan in one. 
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How to interact with the display 

On the first touch of the bottom, the product is switched ON. At this setting, the lowest level of 

cooling is activated. This is visualized with a lit of a snow flake symbol. The second touch sets the 

product in its median level of cooling, visualized with two snowflakes. The third touch is the 

highest setting of cold air and it is visualized with three lit of snowflakes. See Figure 11-12.  

 

Figure 11-12, Presenting the display when it is activated 

 

If the bottom is pressed again, the fourth touch, the snow flake symbols are switched off and a leaf 

symbol is lit. The leaf indicates that Eco-mode is activated and it is the final setting of the digital 

interaction, Figure 11-13.  

 

 

 

 

 

 

 

 

 

 

 

Figure 11-13, presenting the display in Eco mode  

 

When the button is touched a fifth time, it automatically goes back to its initial setting of one snow 

flake symbol and the pattern of interaction can be repeated. If the button is touched for 5 seconds 

straight, the product switches OFF. 

 

When the product is ON, the Wi-Fi symbol is lit and indicates that the product is connected to the 

network. The consumer may connect with the product at any time through Wi-Fi or Bluetooth. 

While connected, additional features of interacting with the product may be possible by using an 

app. The idea with this function is that different air care product in a home can be connected and 

cooperate with each other. For example if the air quality is bad, they receive an indication of this 

and then the product can be switch on to Eco-mode.    
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11.4.2 Direction of air flow  

A lever on the side of the product allows the consumer to direct the air flow, Figure 11-14. The air 

flow is directed in one axis, up and down. No lever is needed to direct the air flow from side to 

side since the product itself can be placed however the consumer wants it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11-14, shows how to direct the air  

 

11.4.3 Detaching the mesh and filter removal  

The mesh can be detached if the user wants to clean it. At the bottom of the unit is a hollowing to 

simplify the removal. Through here, the consumer can access the edge of the mesh. The mesh is 

attached by magnets and can then easily be pulled out of the model. When the mesh on the front 

side of the product is removed, access is given to the HEPA-filter. The filter is attached by tracks 

and can easily be drawn out for cleaning.  

 

11.4.4 Plug-in cord 

The product is driven by electricity and needs to be plugged into a power grid. Hence, a cord is 

attached to the back of the product, which was considered to be the most optimal placement for a 

user’s perspective. The cord can be detached when the product is stored or moved. The transformer 

is placed on the cord instead of inside of the product, which is to minimize the size and weight of 

the product. 

 

 

 

 

 

 

Figure 11-15, Plug-in cord 
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11.5 Concept Portability and Mobility 

The product is equipped with a handle on the top in order to enable the movability, see Figure 11-

16. The handle is attached inside of the product’s shell with weights hanging on each of the ends. 

When not interacted with, the handle lays flat on the product due to the weights pulling it down. 

This creates a minimalistic product profile and minimizes the volume that the product occupies. 

To move the personal cool, the handle is grabbed and drawn, which makes it possible to move and 

place the unit after the consumers own leisure. The dimensions of the handle have been tested with 

mock-ups and other product references to be ergonomic when interacted with. 

 
Figure 11-16, illustrating the handle in raised and down position 

11.6 Concept in a Home Environment  

To present the final concept in a context, the result was put in a home environment. Photographs 

were taken on the prototype during typical home activities. The prototype was then replaced with 

the final CAD-model to create a realistic result. This conveys a comprehensive overview of the 

whole concept, the size and the volume. See Figure 11-17.   

 

Figure 11-17, the concept in a home environment  
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12. CONCLUSIONS AND DISCUSSION 

The conclusions that the author have drawn during the project are presented in this chapter, as 

well as a discussion about the results and the methods. Conclusions are drawn with the intention 

to answer if the goal and purpose with this thesis are fulfilled, as well as if the research questions 

were answered. Conclusions are also based from the analysis made continuously during this 

thesis. The final concept is discussed and evaluated. 

12.1 Conclusions 

The goal with this thesis was to deliver a concept proposal for Electrolux on a product with the 

purpose to cool one individual, a concept called personal cool. A concept was developed and 

presented in form of this report, CAD-models and a prototype on the outer design. The result of 

this project was considered to be successful and the delivery achieved to meet the goal and the 

objectives. The concept proposal assumed to be feasible, due to the chosen technology and the 

selected components from well-known manufactures. The research questions that the project 

investigated were answered during the project and presented in the report. 

 

What technology could be integrated in a personal cool? 

Research about different technologies that would be applicable for this concept, with the purpose 

of cooling one person, showed several optional technologies which can serve this purpose. The 

results were that Peltier, vapor-compression and evaporative cooling are the ones with greatest 

opportunities to use for a product to cool one individual based on the developed requirement 

specification for this project. The objective with this project was to deliver a concept proposal on 

a personal cool. To enable a delivery, a decision needed to be taken on which technology to use 

for further concept development. The elimination resulted in that Peltier was chosen as the 

technology to use. The decision to go further with Peltier modules is considered to be the ideal 

choice to fulfil the consumers’ needs in the best way.  

 

However, the goal had to be adjusted and a consideration of the concept’s size and performance 

were made in order to develop a concept as small as possible. The result needed to be a relatively 

small and compact concept, which makes a temperature drop of around 4 °C. It can be considered 

as a rather low drop in comparison with the performance of an AC, nevertheless a consideration 

on size versus performance resulted in this outcome.  

 

Which main components can be identified for the chosen technology? 

A technology based on Peltier modules were selected as the technology in order to create cold. 

The main components for the system were identified to be Peltier modules, heat sinks and fans. 

They were presented and then selected based on the calculated values.  

 

What are the requirements needed for a personal cool? 

The requirements for this project were the consumer needs and the project objective translated into 

requirements. The identification of the consumer needs, through research and the insights gained 

from the consumer survey were analysed. The outcome is presented in form of a requirement 

specification including, research translated into technical terms which were needed for developing 
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a personal cool. The identified list of requirements for a personal cool is considered to be 

comprehensive for this early phase on a concept development process.  

12.2 Discussion 

The product development methodology that was followed, considered to suit the project in a good 

way. The effort was on the early phases in a product development process, focus was to collect 

suitable materials in order to answer the set research questions. It was important and essential to 

understand the market and the competitors’ products to position a new product. The outcomes of 

the market analysis as well as the benchmarking inspired many of the developed concepts. The 

activities for identifying the consumers’ needs resulted in a major study. Electrolux shared their 

research material about air care in general, when no material was available about the area of 

personal cool. External research was done, based on published research papers and findings from 

internet.  

 

The method to complement the identified research was to use a survey to collect data from 

consumers. It was considered as a successful way to achieve results. What could have been 

improved with the survey, was to have more specific questions about the consumers wants as well 

as reach out to even more participants with different global locations. A broader variation of 

consumers could have been used during the survey to gain even more specific needs as well as 

assure the identified needs. The survey had 34 participants, which is a quite small number. To 

strengthen the result of the survey, more participant answering the survey would had been a 

benefit.  

 

The concept development phases and activities were considered to be suitable to reach a final 

concept proposal, which was the goal with this project. The workshop might have been more useful 

if the participants had been more steered into more specific product categories, to receive concepts 

strategically linked to the conclusions from the research process. Another layout could have been 

to present already developed concepts ideas and let the participant come up with concepts and 

further development suggestions.  

 

Working with mock-ups with the intention to convey a feeling of the concepts design, dimensions 

and air flow was considered to be an excellent method for this case. The models facilitated the 

elimination process and clarified issues that were not identified through sketches. 

 

The appearance of the whole concept is a minimalistic expression, with clean lines and cuts that 

express a modern feeling. The overall simple look is considered to suit in a home environment. 

The outer design allows many different opportunities of material choices, creating an opening to 

select material after prize level. Certain materials express luxury and quality, while others convey 

a more basic and standard feeling. Electrolux has the possibility to position the product in 

whichever segment they want. However, materials have been suggested and selected with the 

intention to convey a feeling of premium which also was the purpose.  

 

The initial brief and the problem description received from Electrolux at the beginning of this 

project was very open. The material as well as the objective could have been more specific and a 
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bit more limited. It requires a lot of resources and time in the early stages in a product development 

chain when a project is so unspecified like this one was. However, it was also the purpose with 

this project when Electrolux wanted to broaden their knowledge within this new product area and 

did not know which direction they will aiming for. To take in a student, with fresh eyes in this area 

is a good approach both for Electrolux, as well as for the student. They can thereby use the material 

as a springboard and shorten their initial phases, and in that way faster get in to the development 

phase and delivery of the final product. From a student’s point of view the experience is rewarding, 

to be involved and provide something that will be beneficial for Electrolux, to get knowledge about 

their work and insights about their different processes are very valuable.  

 

The overall research materials presented in this report are considered to be useful for Electrolux 

upcoming products within this product range, especially the research made on different 

technologies. 
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13. RECOMMENDATIONS AND FUTURE WORK 

In this chapter, recommendations on future work within this project field are presented. The 

author’s own opinion on further activities that could be performed to continue to develop and 

evaluate the presented concept are discussed.     

 

The purpose was that Electrolux intend to continue to work with this concept proposal, make final 

construction and performance tests. The next step for this developed concept of a personal cool, is 

to construct a test to investigate the determined parameters. It is important to have the consumers 

in focus during these tests, and always go back to them for inputs concerning thermal comfort. A 

consumer test is needed to investigate if the concept meets the requirements in an appreciated way. 

After the tests are performed, the final parameters can be set.  

 

Regarding the technologies and future work, there are several possible opportunities to consider. 

If the time scope had been longer and the concept had not been required to be feasible and 

producible within 3-4 years, more flexible power sources could have been integrated into the 

concepts. A future work is to make deeper research about power sources and develop concepts 

suitable for them.   

 

There are areas of new concepts regarding personal cool that can be further developed. A 

recommendation is to look into evaporative cooling, since there is a possibility to develop a quite 

small system using this technology. Create more concepts around this area, as well as research 

about combining different technologies in order to find the ultimate solution. 

 

Regarding the developed concept, the project focused on the housing, component and their 

placements. One of the next step is to design the electronics, the connections and the transformer, 

as well as determine materials. The production and market price for this concept needs to be 

identified, further work include calculations and manufacturing price comparison.  

 

Designing and developing a smart-application for products, with the aim to connect the personal 

cooler so that it can cooperate with the other home products concerning air care, for example air 

conditioners and humidifiers. All consumers have their own preferences of thermal comfort, this 

application may have a personal setting where their own data can be stored. The setting can control 

the unit after the indoor quality and temperature. Designing the interaction and do research about 

the consumers’ needs and translate them into different possible applications and settings. 

 

Further work needs to be done regarding the environmental aspects of this concept. Investigate if 

there are any changes that can be made to minimize the overall impact, during the whole life cycle. 

At this moment, a life cycle analysis has not been made on the concept, since it is difficult to 

implement a reliable analysis in such an early concept stage like this project deliver. 

 

An additional activity that should be done is to evaluate the concept against the consumer to 

examine if the concept meets their needs. It should be done in order to early identify problems 

when there is still an opportunity to change the concept before production.  For further developing 

with the presented concept, the list of requirements may be updated and modified.  
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APPENDIX A: TIME PLAN 

A time plan was conducted in form of a Gantt-schedule. It was made quite rough and the main 

activities were scheduled on a weekly basis. The plan was updated a couple of times during the 

project and was used as a guideline to see if the project was in phase.  
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APPENDIX B: MARKET ANALYSIS – PRODUCTS  

What is existing on the market within the area personal cool? The research question was 

investigated and the products that were find could be divided into two categories; cooling a 

surface or cooling air. The products that cools an surface needs directly contact against the body, 

while the ones that cools air is blowing the cooled air towards the user.  

 

 

Personal Cooling Vest from Veskimo is filled with ice-chilled water that 

circulate around the system by the pump and battery placed in the 

backpack (Veskimo, 2015). 

 

 

 

Personal cooling system from Coolware that is worn around the 

consumers’ neck. That cools using water and fans and is operated by 

batteries (Thermacell, 2015). 

 

 

A cooling vest by Mawashi consisting of two cooling panels using 

integrated fans (Mawashi, 2015). 

 

 

 

 

 

 

 

 

Portable evaporative air cooler from Honeywell that is placed in an 

environment and cooling the area by evaporate water into the air 

against the user. The company does not mention that this is a personal 

cool product, however it is a product around 800 mm high. (Honeywell, 

2015) 
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Samsungs product is a portable air conditioner unit, with a vapor-

compression system. (Samsung, 2015) 

 

 

 

 

 

 

 

 

Cooling underwear for men, created by a 

company named Snowballs. The underwear is 

integrated with ice pads, containing freezable 

gel. The main purpose is fertility but they can be 

used to cool down a person as well. (Snowballs 

Underwear, 2015) 

 

 

Cooling packs that are activated when the consumer needs it. The 

most common use for this product is for external injuries. This 

product is only for single use. (Medical Evergren, 2015) 

 

 

 

 

A mini cooler from Haier, using thermoelectric cooling as method 

to create cold air. Integrated with fans that blows air against the 

user. (Haier, 2015) 
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APPENDIX C: BENCHMARKING 

Product A 

 
Dissemble of a mini air conditioner with a vapor compression system integrated. Figures with 

the outer shell removed and figures on the main components are presented below. 
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Product B 
 

Dissemble of a product for cooling, driven by Peltier modules. Figures with the outer shell 

removed and figures on the main components are presented below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Size estimation of components  
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APPENDIX D: BRAINSTORMING SESSION A 

Mind map with ideas on- How, When, Where, Who and Why 
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APPENDIX E: BRAINSTORMING SESSION B 

Kitchen 

 Sitting at the dining table 

 Cooking 

 Counters 

 Cleaning 

 Working 

 Browsing 

Bedroom 

 Sleeping 

 Cleaning 

 Iron clothes 

Living room 

 Watching TV 

 Working 

 Sitting on the sofa / armchair 

 Eating 

 Socializing 

 Playing games 

 Listening to music 

Garden (Outdoor, balcony, terrace .etc.)  

 Barbecue 

 Sunbathing 

 Eat food, drinking 

 Gardening 

 Training 

Already existing product in the nearest sphere when a person may want to be cooled. 

 Computers 

 Furniture 

 Desk chair 

 Desktop 

 Couch 

 Lounge chair 

 Chair 

 Table 

 TV 

 Computer 

 Sound system 

 Stove 

 Fridge 

 Grill 

 Parasols 

 Outdoor furniture 

 Rug 

 Lamps 

 Curtain 

 Window 

Products in general that may or cold be integrated with cooling 

 Plate cooling 

 Pillow with management/cooling 

 Rug 

 Garments 

 Jewelry 

 Desktop 

 Coffee table 

 Computer plate / keyboards 

 Floors with water cooling  
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APPENDIX F: CONSUMER SURVEY  
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APPENDIX G: CONSUMER SURVEY – RESULT 

The result from the survey is presented below, categorized after question for facilitate 

comparison of the results between the different scenarios.  

    

Can you relate to this scenario? 

 
Scenario 1: Individual comfort 

 

Strongly Agree 38.2 % 

Somewhat Agree 35.3 % 

Somewhat Disagree 23.5 % 

Strongly Disagree 2.9 % 

 

Scenario 2: Flexibility at home 

 

Strongly Agree 23.5 % 

Somewhat Agree 44.1 % 

Somewhat Disagree 23.5 % 

Strongly Disagree 8.8 % 

 

Scenario 3: Public areas 

 

Strongly Agree 32.4 % 

Somewhat Agree 32.4 % 

Somewhat Disagree 17.6 % 

Strongly Disagree 17.6 % 

 

Scenario 4: On-the-go in the city 

 

Strongly Agree 29.4 % 

Somewhat Agree 47.1 % 

Somewhat Disagree 17.6 % 

Strongly Disagree 5.9 % 

 

Scenario 5: Summer house/vacation home 

 

Strongly Agree 11.8 % 

Somewhat Agree 41.2 % 

Somewhat Disagree 23.5 % 

Strongly Disagree 23.5 % 

 

Scenario 6: Off-the-grid 

 

Strongly Agree 20.6 % 

Somewhat Agree 26.5 % 

Somewhat Disagree 20.6 % 

Strongly Disagree 32.4 % 

 

Strongly Agree

Somewhat Agree

Somewhat Disagree

Strongly Disagree

Strongly Agree

Somewhat Agree

Somewhat Disagree

Strongly Disagree

Strongly Agree

Somewhat Agree

Somewhat Disagree

Strongly Disagree

Strongly Agree

Somewhat Agree

Somewhat Disagree

Strongly Disagree

Strongly Agree

Somewhat Agree

Somewhat Disagree

Strongly Disagree

Strongly Agree

Somewhat Agree

Somewhat Disagree

Strongly Disagree
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Scenario 7: Vacation 

 

Strongly Agree 17.6 % 

Somewhat Agree 14.7 % 

Somewhat Disagree 50 % 

Strongly Disagree 17.6 % 

 

 

How do you cope with a scenario like this? Any tips or personal 

tricks? 
 

Scenario 1: Individual comfort 

“When sleeping, my wife tends to prefer a cooler temperature. To compensate for the coldness, I 

would have an extra blanket. She would also sleep on the side closer to the AC as it is usually 

cooler in that area. Sometimes, we would set a timer so that the AC will switch off at about 5am 

in the morning.” 

“Normally I am warmer than the others so I will wear less clothes. Everyone else at home wear 

indoor slippers. In addition, I will use a thinner bed cover.” 

“Usually have a separate room with separate AC installed to control the environment I live in. 

Sometimes I’ll just direct the AC fan towards me.” 

“I don’t really see a big issue, in the case I try to compromise or separate activities.”  

“Personal ventilation is something to be addressed in the improvement of the comfort perception. 

I have some question marks about the differentiation of specific areas. I don’t cool down the 

cooking area but I use fresh air on the face to improve the perception of the situation.” “Make the 

air flow circulate in a preferred local area rather than in the whole room.” 

“1. Adjust clothes. 2. Local and personal cooling.” 

“The main problem is that Curitiba (Brazil) has different temperatures on the same day. Ideally I 

set the equipment to maintain a constant temperature and humidity throughout the day. And still 

possible to show a purity index of the air...and it is even possible to choose a different aroma, for 

example beach air, mountain air etc...” 

“I was working outside or indoors on a hot day and cooling the space I was in was not an option. 

Sometime I would wet a towel and hang it around my neck - it really helps. Aside from this I 

drink plenty of water and sweat a lot.” 

“Either I sweat or my partner puts a jumper on.” 

“Cycle AC to cool down and let warm up again to try and reduce consumption. Trying to cool 

the room while cooking is wasteful - endure the heat while you are cooking and the aim to cool 

rapidly afterwards. Depending on layout, try and seal off the hot cooking area from the house.” 

“Our apartment is functionally divided into two parts. My wife and children like cooler ambient, 

say 23-25°C and I am OK also if it is a little bit warmer, say 28°C. Our AC system is split type 

and covers these two subspaces very well.” 

“In the summer I like to keep the temperature around 25 degrees and when I am cooking it goes 

up. I don’t have any smart control so I have to manually adjust the temperature every time.” 

“Generally there is a silent battle on the AC controller. If I walk past it I will change it regardless 

of others in my family. Bearing in mind I’m usually turning it off because others prefer it very 

cold.”  

 

Strongly Agree

Somewhat Agree

Somewhat Disagree

Strongly Disagree
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Scenario 2: Flexibility at home 

“Open windows in the bedroom. Sitting in the shade outside, cool drinks.” “1. Adjust clothing, 

less clothing. 2. Local cooling. 3. Personal, movable, portable cooling etc.” “Talking a bit about 

the “sleeping”. Nowadays people have increasingly difficult to relax and control of the 

environment help a lot...control of the temperature and humidity contribute enough.” 

“We place box fans outside during the summer. It moves the air and keeps bugs at bay.” 

“Most of my home is equipped with either a portable fan or a ceiling mounted fan. This helps to 

get us through the Singapore heat. However, when we have guests in the home, we may turn on 

the AC. Every room in my home, other than the kitchen, is equipped with an AC.” 

“I try to have as much air flow through the hose as possible when I am trying to sleep.” 

“Wear cooler clothes and use a fan outdoors.” 

“Try to choose places that has good AC or stay indoor if it is too hot to be outside.” “Wear vest 

filled with ice packs.” 

“1. Easy to move. 2. Strong capacity. 3. Strong flow velocity.” 

“During the summer, the warm days are very frequent (up to 37/38 degrees last few years). 

When the days are warm we organize the dinners from friends/family slightly late in the evening 

(temp. drops to 30 degrees). If it is not possible to move the dinner to the late evening, we use a 

big umbrella and ventilator to have a windy cold!” 

“If it is really hot and I have a party in the garden, I use and external fan.” 

“Not being too stupid - Only Englishmen and mad dogs walk in the sun.” 

“Reduce physical activity.” 

“Use personal and portable cooling.” 

“Use magazine as a fan.” 

“Leave the house ventilated. Change the air in the house is a health factor as well. How do we 

share the cultural and technological actions?” 

“Drink cold beer.” 

 

Scenario 3: Public areas 

“In Singapore most pubs and outdoor eateries have large industrial fans that would blow mist to 

help cope with the heat. However, I always feel the mist is not clean and would avoid it landing 

on my food or drink.” 

“Wearable technology: here maybe the way forward + miniaturization + improve the perception 

(of cold).” 

“Lots of extended cabling.” 

“Another thing to deal with other than heat is smells. As most places in Singapore is enclosed 

within an AC space, smells linger when you move from the food eateries to another location. 

This smell is usually slightly unpleasant and distracting. I believe that this is another part of air 

care that is not well addressed. 

 

Scenario 4: On-the-go in the city 

“Bus stops in Singapore have insufficient ventilation and air movement. This is especially so 

during the peak hour. Busses that arrive together at the bus stop also emit a lot of heat from their 

engine that also irritates me as a commuter.” 

“Solar/battery powered fan that is sewed onto thin jacket and ventilate air between body and the 

jacket?”  

“I walk in to stores that have AC and wait there until I have cooled down.” 
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“I don’t feel like I should try and control the temperature when I am outside. That is part of the 

beauty of the outdoors. 

 

Scenario 5: Summer house/vacation home  

“In addition, one want to avoid opening windows because of all the insects and birds singing.” 

“Use of evaporative cooling effect.” 

“Windows open are fine but not at night time, bugs and animals can enter.” 

“I wish I had a portable AC.” 

“Small AC unit.” 

“I open the windows in the early morning to cool down as much as possible (w/o allowing the 

mosquitos to disturb me during the night) and then I close the windows and shutters for the rest 

of the day.” 

“I open the windows in the early morning to cool down as much as possible (w/o allowing the 

mosquitos to disturb me during the night) and then I close the windows and shutters for the rest 

of the day.” 

 

Scenario 6: Off-the-grid 

“Does not bother me so much ... sweat is part of cleansing the body.” 

“Again, wash hands/neck with. Cold water from eg. a river. Slowing down the pace, drinking 

plenty of water.” 

“Use portable personal cooling device/clothing powered by battery and/or solar power, etc.” 

“Going out to nature is always an issue in Singapore due to the heat and mosquitoes. How people 

cope with this is to dress light, put on insect repellent and use either a hand held or battery 

powered portable fan.” 

“The classical answer for this situation is to use cold thick white wear, clean- to enable 

undisturbed air movement close to the body and not permit the overheating by the sunshine day 

effects. The ideal think should be have something could keep the some part of the body "cold" - 

some sort of belt or body jacket with phase transformation liquid that conserve the temperature 

thanks to latent heat effect.” 

“Stay in the shade and wear bright colored clothes. Wet your hair.” 

“I use a wet cold bandana to keep the fresh feeling” 

“Solar powered fan” 

“Wear clothes that allow perspiration to evaporate off quickly.” 

“Bring a small towel, wet it in a river or creek, and then place it around my neck.” 

 
Scenario 7: Vacation 

“We return to the problem of lugging things ... if you need we could provide a rental service of 

some equipment.” 

“Yes, probably the already listed solutions could be helpful to analyze wanting to find 

something, a new solution in terms of form, autonomy and manner of use. Just to list these 

solutions again (combined with synthetic jet air blowing solution): 1. the bracelet cooled by the 

Peltier thermoelectric effect; 2. the covering for the neck, cooled also it by the Peltier cooling 

effect; 3. the light weight, backpack cooling device done by the very small refrigeration system, 

could cool effectively almost whole body for a few hours. It works! 4. The cooling helmet or 

semi helmet contains within its structure the Peltier elements, control system and battery; 5. The 
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phase transformation liquids/fibers fabric to wear on the body or part of body; *6. The passive 

system that contains only the micro air blowing system by small tubes at warm areas of our 

body...:” 

“Stay in the shade and wear bright colored clothes. Wet your hair.” 

“Wearing a hat, sitting in the shade, cooling down hand/feet/neck with water.” 

“Use personal and portable cooling” 

“Bring a towel, then wet it when needed.” 

 

Do you have any product for cooling yourself today? 
Yes 35.3 % 

No 64.7 % 

 

 

What kind of products do you use? 

Window AC   0 % 

Portable AC   0 % 

Electrical Fan   33.3 % 

Humidifier   0 % 

Evaporative cooler  0 % 

Split AC   50 % 

Central Cooling System 16.7 % 

 

Other products/answers: 

Electric Fan, Humidifier 

Clothing integrated with e-fans, ice, phase change materials. 

Towel 

Electric fan 

Window ac, mini split, electric fans, battery powered fans 

Plus electrical fan 

I do not use it much  



108 

 

APPENDIX H: WORKSHOP 
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APPENDIX I: ELIMINATION MATRIX  
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APPENDIX J: CONCEPT SKETCHES  

 

Sketches on concepts with different placement of components and air flow. 

 

Concept A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concept B 
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Concept C and D 

 

 

Concept E1 and E2 

(Renamed to E and F in the chapter Concept generation) 
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APPENDIX K: PROFILE DESIGN CONCEPTS  
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APPENDIX L: AIR FLOW AND TEMPERATURE TESTS 

Air flow test, result 
 

 

 

Temperature test, result 
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APPENDIX M: PARAMETERVALUE GRAPHS 

The graphs are used to identify parameters that are needed for selecting a suitable Peltier 

module.  

 Graph a: General chart for COP vs current ratio 

 Graph b: General chart for cooling ratio vs current ratio  

 Graph c: Chart for voltage ratio vs temperature difference  

 

Graph a 

Graph a: General chart for COP vs current ratio 
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Graph b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph b: General chart for cooling ratio vs current ratio 
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Graph c 

 

Graph c: Chart for voltage ratio vs temperature difference 
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APPENDIX N: CALCULATIONS 
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APPENDIX O: COMPONENTS 

Product sheet for the Peltier modules 

72058/199/160B — Mechanical Characteristics 

Base W (mm) 40.0 

Base L (mm) 58.0 

Top W (mm) 40.0 

Top L (mm) 58.0 

Height (mm) 3.30 

 

Imax                                16A  

∆Tmax                                         83°C 

Qmax                               237 W 

Vmax                               28,3 V 

 

Manufacture: Ferrotec 

 

 

 

 

 

 

 

 

Figure and values from (Ferrotec, 2015) 

 

 

 

 

  



120 

 

Product sheet for heat sinks 

Dimensions: 100 x 125 x 74mm 

Height: 74mm 

Width: 125mm  

Length: 100mm 

Thermal Resistance: 0.12K/W 

 

Manufacture: Fisher Elektronik 
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Product sheet for the fans 

Dimensions: 97 x 93,5 x 33 mm 

Manufacture: ebmpapst 
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APPENDIX P: PROTOTYPE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


