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appliances at Electrolux AB. The project was conducted at a primary development phase where new 
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2. Nomenclature 

In this chapter the abbreviations and notations are stated  

 

2.1 Notations 

Symbol  Unit Description  

 ̇ [W], [J/s] Power 

  [J] Energy 
   [J/gK] Specific heat capacity 

  [K] Kelvin 
  [m2] Area 
  [m] Meters 
   [kg] Mass 
  [m3] Volume 
  [kg/m3] Mass density 
  [V] Volt 
  [ ] Resistance 
  [A] Current 
  [s] Time 
  [m] Wavelength  
  [1] Emissivity 
   [Pa] Pressure  
          [m/s] Speed 

 

2.2 Abbreviations  

Abbreviations Description  

CAD Computer aided design  
IR 
NIR 
MIR 
FIR 
SEK 

Infrared 
Near Infrared 
Mid Infrared 
Far Infrared 
Swedish krona 
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3. Introduction 

The project is presented and the background explained.  Delimitations and methods are made clear and 

a stakeholder analysis for the thesis is communicated.  

3.1 Background 

In kitchen appliances, many products heat food or beverages to make them warmer and tasteful. 

Electrolux AB sells kitchen appliances in the breakfast line; electric water boilers, drip coffee makers and 

toasters. These products are common in many kitchens and sold in millions, every year. These products 

are used on daily basis and mostly used during breakfast.  

The concerning appliances have not been experience much energy saving innovations.  Moreover, 

Electrolux have not been conducting much research and development on these products before.  

3.2 Purpose 

The objective was to investigate the energy efficiency for these products. To clarify the function and 

purpose of the product and by this identify changes, to make them more energy efficient.  

Furthermore, identify where the energy losses was located and develop solutions to optimize the energy 

consumptions. The purpose was to develop new ways of heating water, toasting bread and making 

coffee that consumes less energy than the standard products on the market.  

The target was to develop concepts, technical solutions and test them against current appliances. The 

goal was to make technical feasible and verifiable solutions and prototypes.  

The main goal of the project was to 

- Develop prospective energy reducing concepts for the breakfast line products 

The targets were  

- Significantly reduced energy consumption, during usage phase, for at least one of the  products 

in the breakfast line 

- Ensure that consumer demands as taste, safety and usability are satisfied 

Vision 

- “Develop a feasible energy efficient products making them 100 % efficient”   

Project deliveries 

- Energy efficiency test of current products 

- Functional prototypes 
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- Documentation and evaluation of developed concepts 

- Proposed improvements for the entire range of products 

- Visualizations of aesthetical, user friendly and improved products 

3.3 Delimitations  

The total environmental impact of a product derives from the entire life cycle, from cradle to grave. 

However, this project focused on the usage phase of the products. When looking at the quantity of 

these products sold the usage phase contribute to emissions. The system boundary is seen in Figure 1. 

 

Figure 1. The system boundaries of the project where the usage phase was the focus area 

The target group for the project was people in all ages and demographics that already use toasters 

water boilers and coffee makers.  

3.4 Method 

The work followed a slightly modified Mechanical design process (Ullman, 2003, s. 89), to fit the project. 

The work process followed the track of Figure 2. The project ended before the product development 

phase began. The project was a part of Electrolux primary development where new concepts and 

technical solutions are generated and evaluated. 

 

 

Cradle Usage phase Grave 

Energy consumption  

Consumer demands 

Marketing  
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Figure 2. Project boundaries 

The project followed Electrolux product creation process where four decisions points were targeted. At 

these four meetings the steering group decided whether the project moved on or changed direction.  

3.5 Stakeholder analysis 

A stakeholder analysis was made to identify stakeholders and possible problems that might occur during 

the process, Figure 3.  

The stakeholder analysis was made for the following reason  

- Identify information flow  

- To whom specific information should be communicated 

- Help to manage the people around and not overwhelm them with information or provide too 

little information 

- Identify stakeholders’ goals with the project 
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Figure 3. Stakeholders in the project. The distance determined the importance of that stakeholder  

The stakeholders were identified and ranked according to power and interest in the project, identifying 

their influence in the project, Figure 4. By putting the stakeholders in different quadrant, a quick look at 

the graph made it easier to identify who needed to be managed closely or kept informed.   

 

Figure 4. The stakeholders were put into quadrant of different influences 
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4. Frame of reference  

This chapter explains the theories used during the project and explains physical principals of heat 

transfer and energy efficiency.  

4.1 Joule heating 

When current passes through a resistance wire, it will produce heat. This phenomenon is called Joule 

heating or resistive heating. It converts electricity to heat. When in contact with water it transfers the 

heat to the water. The energy extracted was calculated with the formula  

  ̇            ̇  
  

 
 (1) 

where  ̇ [J/s] is the power,    [A] is the current,   [J/A*s] is the voltage and   [Ω] the resistance of the 

material. The thermal efficiency of a Joule heating element is close to 100%.   

When heating water an on demand solution can be used, which supply the water instantly. The rate of 

which water can be heated is calculated with the formula 

 

                      
               

The following graphs, Table 1 and Table 2, illustrates how fast one deciliter of water might be heated at 

different powers. This is the theoretical maximum as the power from a socket has limitations. In Sweden 

it is about 3000 W.  

Table 1. Rate of heated water with starting temperature of 15 °C and an end temperature of 100°C 

 Power [W] mass per time[g/s] Time [s] 

1000 2.8 35 

2000 5.6 18 

2500 7 14 

3000 8.4 12 

 

Table 2 .Rate of heated water with starting temperature of 15 °C and end temperature of 70°C 

Power [W] mass per time[g/s] Time [s] 

1000 4.3 23 

2000 8.7 12 

2500 10.9 9 

3000 13 8 
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4.2 Thermal efficiency  

The thermal efficiency was calculated with  

 
    

   
  ,          (2) 

where     is the energy put into the system and      is the energy that comes out.  

Heating an amount of water takes a certain amount of energy and is formulated as 

             (3) 

where   is the volume,   is the density,    is the difference in temperature,    the specific heat 

capacity. For water,    is between 4.1-4.2 [
 

   
] (Ingvar & Granryd, 2006, s. 300) depending on the 

pressure and temperature. However, when water reaches 100 °C the water starts to vaporize. The 

energy needed is 2257 kJ/kg to vaporize water at 100kPa, atmospheric pressure, and 100 °C (Ingvar & 

Granryd, 2006).  

4.3 Heat transfer in a toaster 

Heat always flow from hot to cold. A classical toaster uses hot air and electromagnetic radiation to heat 

the bread. Conduction occurs when two solid mediums are in contact and transferred inside the bread 

through the same principal. Diffusion occurs inside the bread when the water molecules rises and mix 

on their way to the top of the bread. The equation can be written in the form of 

  ̇        ̇           ̇             ̇           (4) 

where  ̇      is the total amount of power.  

When a surface is heated through radiation and convection the heat source emits radiation but also 

receives radiation, if the temperature of the heat source is much higher the received radiation can be 

neglected. The convection part comes from heated air which rises by density change of the air, se Figure 

5. 
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Figure 5. The energy exchange of a heat source and a surface 

There are two kinds of convection; natural and forced. Natural convection occurs when hot air rises. The 

heated air has lower density than colder air making it rise. When air is forced with a fan or pump it is 

called forced convection.  

  ̇                            (5) 

The rate of heat transfer depends on the heat transfer coefficient,            , the area,  , and the 

difference in temperature,                 , which can be seen in equation (5) above. For 

increased energy transfer the heat transfer coefficient can be increased with forced convection as the 

two other parameters are set.  

Thermal radiation is an electromagnetic radiation that passes through vacuum. The benefit of radiation 

is that it passes through air without heating it. All objects emit thermal radiation above absolute zero 

but at different wavelengths. The heat transfer is written with Stefan-Boltzmanns law 

Heat source Surface to be heated 

Radiation  

 

Convection 

�̇�𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 

�̇�𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 
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  ̇                   (6) 

 where             [
 

    ], the Stefan Boltzmann coefficient,   is the area,   the emissivity and   

the absolute temperature. The dominant part is the temperature which is to the power of four. For a 

black body the emissivity is one. An important factor is also the absorption factor of the receiving 

surface.  The temperature is also the absolute temperature which means that the emitting body is also 

receiving radiation from the increasingly hotter surface. However, if the temperature of the emitting 

body is much higher than the receiving, this can be neglected.  

4.4 Infrared heating 

There are different bands in the IR region, NIR: 0.7 – 1.4 µm, MIR: 1.4 – 3 µm and FIR: 3-1000 µm.  

According to Wien’s displacement law the maximum wavelength can be calculated by 

      
 

 
 (7) 

where the constant b = 2.8977685×10−3 [m·K]  and T [K] is the absolute temperature.  

The emitting radiation is sent in a spectrum of wavelengths with a relative energy maximum at a certain 

wavelength according to Planck’s law. This means that an IR element emits many wavelengths but with 

different energy content. The spectrum for a black body with a temperature of 1000 K can be seen in 

Figure 6. 

 

Figure 6. The spectrum of a blackbody of 1000 k. The peak wavelength is about 3 µm 
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A body emit, reflect and transmit. This means that the bread reflects some of the radiation and absorbs 

some. The emissivity of bread was measured to 0.7 during thermography by using a reference material 

with known emissivity, namely black electrical tape. 
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5. Method 

In this chapter the work process is presented and the information derived from the process. Firstly, a 

study of the products and a bench marking, secondly, an energy performance investigation.  

5.1 Getting to know the products  

The products were analyzed in both functional and user aspects. A bench marketing was conducted and 

the functionality of the products were investigated.  

5.1.1 Electric water boiler 

The water boiler is a part of the Electrolux breakfast line. Its main use is to heat water for warm 

beverages like tea or for speeding up the cooking process, for example heating water for pasta. The 

primary function of the electric water boiler is to heat water to the boiling point or in some cases to a 

lower temperature.  

When tea is brewed the temperature should be 70°C-80°C for green, white and yellow tea and 90°C-

100°C for oolong and black tea. The water should be soft and have high oxygen level which means that 

the water should not boil for a long time (House of tea).  

The water boiler uses electric heating to heat the water. The heating element is located in the bottom of 

the kettle.  

 

Figure 7. Heating wires and bottom plate of a water kettle, seen from below 
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Two different heating elements are commonly used. One has an open element and the other is hidden 

by a plate, made by stainless steel, se Figure 7. The benefit of having a concealed plate is that it do not 

leak any nickel and it is easier to remove lime and clean.  

How does the water boiler know when to stop? In the kettle, a tube transfers water steam to a bi-metal 

sensor, Figure 8. The bi-metal transfers the heat into mechanical displacement and turns the water 

kettle off.  

 

Figure 8. Bi-metal piece which turns the device off when it gets warmer from water vapor 

There are two different water boilers on the market. One is the on demand kettle where water is heated 

as is flows through the appliance, limiting the waste. The other heats the full amount of water, poured 

into the container 
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5.1.1.1 Water kettle benchmark 

 

Tefal quick and hot (799 SEK) 

The product dispenses the amount of water needed. It has a water filtering system and both cold and 

warm that may be dispensed.  

 

Figure 9. Tefal quick and hot 

Eco kettle 2 (376 SEK) 

This kettle uses a two-chamber system. By pressing the knob, water transferred into the heating 

chamber, heating only that amount.  
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Figure 10. Eco kettle 

AEG EEWA 3100 ergo sense (395 SEK) 
This is a typical kettle on the market. Water is poured into the kettle heated to the boiling point.  

 

 

 

Figure 11. AEG EEWA 3100 ergo sense

Water kettles ranges from less than 100 SEK to about 1500 SEK.  
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The extra features are 

– temperature control 

– heat retention 

– on demand heating 

– LCD-display 

People heat water for warm beverages but also for purifying, killing bacteria. There are several solutions 

for this activity. Firstly, there is heating on a stove. There are three different stove types; hot-plate, glass 

ceramic and induction. The most energy efficient stove is the induction cooker (testlab, 2009) that heats 

the pot through resistive heating.  

 

Figure 12. The principal of induction cooking 

Secondly, there is the electric water boiler that also uses the Joule effect to generate heat. In the kettle 

there is a heating element where electric current is passed, generating heat. There is also a similar 

product which utilizes the same principal, the immersion heater. It is basically the heating element 

without the kettle.  

Thirdly, the microwave is used to boil water. It uses dielectric heating. By passing microwave radiation 

through the substance, the water absorbs the energy from the microwave. The drawback of boiling 

water in the microwave is that superheating might occur and the water might explode and harm the 

user. When vapor is produced in the water, above the boiling temperature, the bubble is pressured by 

the surface tension and ambient pressure keeps it from boiling. When it is released it might cause hot 

water to spray into the air.  
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Figure 13. Electrolux EMM2100S microwave oven 

Fourthly, there is the hot water dispenser that uses a water tank, connected to the water pipe. Some 

products are installed in the kitchen counter and use a tap to distribute the water. There is also on 

demand dispensers that only warm the amount of water needed.  

 

Figure 14. Quooker hot water faucet  

Thermo pot use the same principal as the electric water boiler but is more insulated and have more 

functions making it more diverse. It keeps the water hot for a longer time and it usually have a reheating 

function and temperature control to choose desired temperature. They usually use a pumping function 

to dispense the water. 
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Figure 15. Panasonic pan NC-EH30PC thermo pot 

5.1.1.2 Energy performance test of water kettles 

The amount of energy needed to heat one kilogram of water from 22.5 °C to 100 °C (Without any vapor) 

was calculated as (3) 

                                     (8) 

The electric water boiler had a high degree of thermal efficiency. Test performed on typical water 

boilers showed that the energy efficiency was between 66 % and 93 %, due to excess boiling of water. In 

Table 3 the results from tests made on some typical water boilers is presented. The second line shows 

the measured energy efficiency when the water boiler turned off automatically. The third line shows 

when the water reaches 100 °C, before boiling. As seen in Table 3 the act of boiling water was an energy 

loss. The energy needed to vaporize water is 2257 kJ/kg and continued boiling was unnecessary. In the 

case of Electrolux EEWA 7000 it boiled the water for a longer time then the other appliances. Se 

Appendix A for the test procedure and data.  
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Table 3. Electric water boiler test results, the efficiency of 1.02 is impossible and derives from a reading 
of temperature too quickly.  

 Electrolux 
EEWA 
7000 
Stainless 
steal 

Electrolux 
EEWA 5100 
ergo sense 
(plastic) 

EEWA 
3100 
ergo 
sense 

Philips 
kettle 
HD4646 
(steel) 

OBH Nordica 
harmony 
steel 6485 

Electrolux 
ergo sense 
5200 (steel) 

Energy efficiency 
( 1 liter) 

0,66 0,85 0,81 0,93 0,82 0,82 

Energy 
efficiency( 1 liter, 
100 °C) 

0,90 0,92 0,96 1,02 0,96 0,92 

(total 
time/Power)*10
0 

8,91 10,78 9,01 13,11 9,61 11,11 

Price 620,00 495,00 395,00 395,00 359,00 595,00 

 

An investigation of heat losses with thermography were made. A heat camera sensitive to infrared light 

was used to explore where the heat losses where located. A metal water boiler with a plastic window on 

the side were photographed directly after automatic shut off. The water kettles outer shell had an 

evenly  distributed heat gradient, Figure 16. The water level were at the middle of the kettle, 

nevertheless, the metal transferred the heat evenly on the entire kettle. The plastic window showed 

high temperatures and not identified because of its special properties in thermography.  
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Figure 16. The metal water kettle had evenly distributed heat gradient over the entire surface. The 
handle was of plastic. 

In the case of the plastic water kettle, the result was another, Figure 17. The heat distribution was much 

slower than in the metal kettle. The kettle had a higher temperature under the water level. In a user 

perspective the metal conductivity was much higher and at the same temperature the metal would burn 

the user. 
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Figure 17. The plastic water kettle showed that the heat transferred much slower on the surface 

5.1.2 Coffee maker 

Ranging from a couple of 100 SEK to more than 5000 SEK, for the more professional ranges, this 

segment of products focuses on speed and taste performance.  

The extra features is: 

- Insulated pot 

- Automatic shut off 

- Timer and clock 

- Aroma control 

- LCD display 

The drip coffee maker is basically a water heater with the ability to route warm water through coffee. 

There is filter coffee that is specially made for this brewer. There a few parameters that is constant for 

the drip coffee maker 
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- When water flow through the coffee it should have a temperature between 92°C and 96°C 

(kaffeinformation, 2011) 

- About one liter water per 60 grams of coffee should be used (kaffeinformation, 2011) 

- The time it takes the water to pass through the coffee should be between 4-6 min 

(kaffeinformation, 2011) 

- To avoid a bitter taste and the emergence of Tannin the time should not exceed 6 min 

(kaffeinformation, 2011) 

- The serving temperature should be 80-85°C (kaffeinformation, 2011) 

The water is heated with resistive heating underneath the coffee maker, Figure 8. The heating element 

heats the water and transports it to the filter. When all the water is gone a bi-metal switches on and off 

at a certain temperature, heating the pot. Furthermore, more advanced coffee makers use electrical 

switches.  

 

Figure 18. Heating element of the drip coffee maker 

The water is pushed up through a pipe by pressure and vapor. Vapor is created and a backflow 

preventer inhibited the water to flow into the water chamber.  

According to a report made by the Swedish Institute for Food and Biotechnology (SIK, 2010) the 

environmental impact of brewing coffee, in the home, was about 16 % of the entire life cycle. The 
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largest CO2 footprint came from the farming, 62 %. The environmental impact, in CO2, of a drip coffee 

maker was mainly from the production of coffee. 

The information found were compiled together with features to find what features might be changed, to 
get an overview of what might be altered, and to investigate which parts has relationships, se Figure 19.  
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Figure 19. Mind map of the coffee maker 
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5.1.2.1 Energy performance of coffee maker 

Tests conducted on coffee maker arrive at the conclusion that with the current design, the efficiency 

cannot be increase significantly. It takes 355 KJ to brew 0.968 kilogram of water into coffee with 

Electrolux EKF 3130. If the efficiency was calculated with the brewing temperature of 94 °C the 

efficiency was 

  
                         

       
      

The potential saving was about 18 %. However, one must calculate that the electronics need power and 

heat transfers into the ambient structure, air and grounded coffee.  

5.1.3 Toaster 

Toasters range from about 100 SEK to 2000 SEK in price. All the toasters use the same principal of 

heating. The diversities are in the extra features. 

- Defrost 

- Re-heating  

- Variable browning 

- Sandwich holder 

- LCD display 

- Bread lift 

- Cool touch  

In many aspects, the toaster is retailed on its physical appearance. There is for example the Bakelite 

toaster that looks like a retro toaster and a few have a built in radio.   

 

Figure 20. Toaster with radio from the company Breville, about 500 SEK 
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Some toasters use IR-emitter as heat source making it possible to use glass.  

 

Figure 21. Glass toaster prestige, about 500 SEK 

The toaster works as following. The handle is pressed down and locked with an electromagnet. The 

toaster uses a timer to determine the toasting time. Through variable resistor and other electronics a 

capacitor is charged. When the capacitor is fully charged the power is disabled to the electromagnet and 

the handle pops up.  

The toaster is a device that heats bread to improve the taste of bread. The process of browning is called 

the Maillard reaction. When the reactive carbonyl group reacts with the nucleophilic amino group of the 

amino acid. Basically the sugar reacts with the proteins and forms new flavor. Depending on the type of 

bread, the result and flavor may vary. Before the Maillard reaction takes affect the surface of the bread 

must be free of water. The exact temperature is unknown as many sources have different definitions of 

browning but tests show that is occurs at 150-160°C.  

The toaster uses the principal of resistive heating. By lowering the bread into the device, several 

resistive wires, usually made from chrome and nickel, Figure 22, heat the bread with radiation and 

heated air.  

javascript:void(0
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Figure 22. The heating wires are wounded around sheet of heat resistant Mica  

The bread is heated through thermal radiation and convection, Figure 23. The air and bread is heated 

and the water vaporizes and the browning reaction occurs. To be able to transfer the heat through 

convection the air needs to be heated. When the warm air reaches the bread a barrier of colder air 

appears which acts as an isolator, hindering the warm air to penetrate the bread.  

 

Figure 23. The energy transferred to the bread in a toaster consists of two parts; radiation and 
convection.  
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A bread was weighed and had a mass of 33 gram. 7 gram water was evaporated after toasting. The 

energy needed to first heat the entire bread to 100 °C and then evaporate 7 gram took 21.8 kJ. The 

specific heat coefficient for bread is about 1.13 J/kgK (Müller, 2000).  

                                       

If an energy source of 400 watt would be used it would take 

    

   
        

to toast the bread. This would be theoretical minimum of a normal toast. Moreover, this is the case if 

only the bread was heated. In a normal situation, the surrounding walls and air would be heated. 

Another aspect is that 7 gram of water was vaporized and not all of the moisture in the bread. This 

means that water with a higher specific heat coefficient than bread would be heated to 100 °C. 

5.1.3.1 Energy performance test Toaster 

To be able to know when the toast is finished a reference product was used, Electrolux Eat 5110. The 

setting was at five and the time to toast was about 2 min and 30 s. The power of the product was 930 W. 

The amount of energy needed to toast two slices of bread, orginalrost from Skogaholm, was about 140 

kJ. In theory, the amount of energy needed to heat one slice of bread is 21.8 kJ. The efficiency of the 

toaster is 0.34. 

During thermography, the toaster showed that the heat rose up through the toaster letting the heat out 

of the toaster and the lower part stayed cooler, Figure 24. The hot air rose up and because the toaster 

was open, the heat was not retained.  
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Figure 24. The temperature was much higher at the top of the toaster and lower at the lower end.  

5.2 Ideation  

In this chapter the ideation process is explained and relevant information presented. Consumer insights 

and ideation techniques are presented for the toaster and the water kettle.  

5.2.1 Consumer insights  

To be able to specify consumer demands a survey was made of all the appliances and a qualitative 

toasting probe was conducted.  

An online survey was conducted on May 2011 with 55 responses, se Appendix B. A toasting probe was 

conducted in July 2011 with four people. Each individual were given four different toasters, white sliced 

bread and toppings. They were also handed a form which they would fill out,  Appendix C. The whole 

procedure was filmed with a video camera and later analyzed to investigate how the people use their 

toasters. The findings were compiled in an info graph to communicate the findings and get familiar with 

the data, Figure 26, Figure 30. 
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5.2.2 Toaster ideation  

A mind map was made to identify parameters what might be changed and to help during the concept 

development phase.   

 

Figure 25. Mind map for the toaster 
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Figure 26. Info graph of insights concerning toasters 
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The main findings during the toaster survey and probe are compiled in the list below, se  Figure 26 for 

more information: 

 The dials for a toaster was hard to understand  

 The handle did not feel robust  

 Visual aspects was important 

 It was hard to clean  

 It was a luxury product 

 A toaster should supply golden brown bread 

 It should be easy to use 

5.2.3 Toaster concepts 

Four toaster concepts were made and one water kettle concept. In this chapter the concepts are 

presented and evaluated.   

5.2.3.1 IR- toaster 

An IR emitter radiates electromagnetic radiation at wavelengths longer than visible light, about 0.75 µm 

to 1000 µm. By using IR rays as a heat source, the air is less heated. When toasting, most of the energy 

losses come from warm air rising and disappearing outside the toaster. Different materials absorb 

radiation at different wavelengths. For example, proteins and fat absorb energy at different wavelength. 

One important aspect is that bread has a protective layer of cold air, which the radiation penetrates.  

The heat source from resistance wire can be either with a ceramic or quarts glass housing.  Quart glass 

can withstand high temperature. If filled with gas the resistance wire can also withstand higher 

temperature without burning up.  

According to (Kathiravan Krishnamurthy, 2008)] the NIR wavelength penetrates the food more and the 

FIR wavelength makes a thinner crust. However, lower temperature induces lower emitting of radiation 

which means that the relative energy transfer of radiation is lower.  

The IR approach is an already used concept for toaster and show much potential. The downside of the 

concept is that it is already used in some toaster. Yet, mostly expensive toasters. The possibilities of 

other design approaches than the classical toaster design is a positive aspect.  

Table 4. Evaluation of the concept IR-toaster 

Positives Negative 

Does not heat air, reducing waste  Already products on the market 
Novel Less durable 
Other design approach  Patents 
Heat other food  
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5.2.3.2 Convection toaster  

Heat is transferred through hot air using free convection. However, by using forced convection the heat 

transfer will be more rapid according to Newton’s cooling law 

  ̇                            (9) 

where             [J/m2K] is the heat transfer coefficient,   [m2] the surface area heated and     [K] the 

temperature difference between the surface and medium, in this case, air. The heat transfer coefficient 

depends on the structure of the flow, turbulent or laminar, any other parameters. One formula used for 

forced convection is  

                             (10) 

where           is the airspeed. By increasing airspeed the heat transfer coefficient will be increased.  

Another aspect is that water gets pushed out of the bread which makes it dryer and the process can be 

quicker. Moreover, the most important aspect is that the insulating layer between the bread and air is 

removed.   

The downside of the concept is that the air needs to be circulated and the product might become more 

bulky. The positives are among others, faster toasting time and less energy usage.  

Table 5. Evaluation of the concept Convection toaster 

Positive Negative 

Faster toasting Hard to direct the air 
Less energy consumption Possibility of dry bread 
Recycle heated air  Some patents 

 

5.2.3.3 Multipurpose toaster 

As the hot air rises, the heat can be used to heat or cook other substances as water or buns. As metal 

like aluminum with high heat transfer coefficient can transfer heat rapidly, a plate or a metal tea cup can 

be placed on top of the toaster. By using flanges, the heat can be more efficiently transferred. Another 

solution is to redesign the toaster so it will be optimized for this purpose. This concept does not reduce 

energy usage of the toaster but adds value and perhaps reduces the use of other appliances.  

A typical toaster has an effect of 800 W and runs for 150 s. This means that the energy provided is 

               

which is equivalent to 0.38 kg water heated to 100 °C according to the formula  

                           (11) 

where          is 4.18 [kJ] and    75 [°C]. 
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Figure 27. Concept sketches showing a multipurpose toaster that uses excess heat to warm water 

The design is simple and adds value to the product. However, there are products on the market making 

eggs with the same principal, however they do not use the excess heat. The downside is that the energy 

consumption is the same.  

Table 6. Evaluation of the concept Multipurpose toaster 

Positive  Negative 

Simple design Not very novel  
Adds value Still some energy leakage  

5.2.3.4 Microwave toaster 

Microwaves use the concept of dielectric to heat food. Basically, the magnetic field makes the polar 

molecules to rotate, producing kinetic energy. The movements of these molecules are the heat 

produced. Microwaves heat water efficiently because the water is more polar than for example fat or 

sugar. To acquire the desired crisp surface on the toast another heat source is needed.  

Firstly, a susceptor, a material which absorbs the electromagnetic energy converting it into thermal 

energy, can be used to make a crust. These materials are used in microwave food where a crust is 

wanted, for example in frozen pizza or pie.  
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Secondly, a light bulb which emits IR radiation can be used to make the crust. When electromagnetic 

energy comes in contact with the bulb, it will light up. 

Table 7. Evaluation of the concept Microwave toaster 

Positive Negative 

Simple Needs feasibility check 
Cheap 
Novel 

Far from current product 

5.2.3.5 Hand toaster 

One aspect with toasting bread is that the user lack control of the process. The bread is put into the 

toaster and then left until the bread pops up. A concept where the bread is roasted by a hand-device is 

proposed. The device uses resistive heating wire and convection to heat the bread.   

The concept was first tested with a heat gun. The result was that the temperature needed to be at least 

140 °C. If lower, the bread would become dry. If the heat was too high, around 200 °C, the bread would 

become black. Another finding was that an air stream along the bread increased the speed of drying the 

bread although not as quickly as blowing directly on the bread.  

 

Figure 28. Concept sketches showing a hand toaster 
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The concept is novel and feasibly but might be bulky. It will be a certain risk when handling the product 

from a user perspective regarding burns.  

Table 8. Evaluation of the concept Hand toaster 

Positive Negative 

Cheap Safety regarding burns  
Novel Far from current product 

5.2.4 Toaster concept decision 

The chosen concepts were IR and Convection, mainly because the IR toaster was a feasible product and 

proven in other products.  Convection was also chosen because of its feasibility and novelty. The 

decision was made by weighing the demands and by this ranking the concepts, see Table 9. 

Table 9. Concept decision matrix where IR and Convection have the highest ranking 

  Weight  
1-3 

IR Convection Multipurpose Microwave Hand-toaster 

Possible 
energy 
saving 

3 5 3 3 2 2 

Novel 2 2 4 2 4 5 

Patent 1 1 2 1 1 4 

Safety 2 5 4 4 2 1 

Golden 
brown 

2 4 3 3 2 4 

Feasible 2 5 3 5 2 3 

    48 39 38 27 36 
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5.2.5 Water kettle ideation 

A mind map was made to identify the functionality and feautures of the product,Figure 29. The findings 

were compiled into an info graph to communicate the findings, Figure 30.  

 

Figure 29. Mindmap of the water kettle  
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Figure 30. Info graph of insights concerning water boiler 



40 
 

The water kettle was mainly used for making tea water, pasta water or to make instant coffee. The main 

desires were: 

 A  water kettle should dispense the correct amount of water 

 be fast  

 visually pleasing  

 energy efficient  

 easy to clean 

 keeping the water hot for a longer time 

By the data provided from the user survey about 1.9 deciliter water per day was spilled, in average.  This 

adds up to an energy loss of 60 kJ/day. By heating the correct amount of water some users would 

increase the efficiency by 50 % and some less. Furthermore, in the survey many users indicated that an 

automatic supply of correct amount of water was desired.  
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6. Specifications 

In this chapter, specifications are presented and concepts derived from the specifications are introduced.  

6.1 Specifications for the toaster 

The consumer insights were translated into consumer and technical specifications, which can be seen in 

Table 10, Table 11 and Table 12. A QFD (Quality function deployment) was made which can be seen in 

Appendix D.  The conclusion from the QFD was that the IR-concepts was more energy efficient, easier to 

clean and looks better. The important functional requirements in the QFD were time and temperature, 

nevertheless the browning sensor was an important requirement.  

Table 10. Consumer specifications 

 Performance Usability  Design 

Requirements  No burns Choose different browning  Good looking 
or disappear 

Golden brown Safe from burns  

Energy efficient  Toast frozen bread  

Wishes Toast many breads automatically  Easy to clean Does not 
smell 

Heat various bread Different settings for different 
users 

Fast 

Make sandwiches   

Make entire breakfast    

Thick and thin bread   

 

Table 11. Technical specifications 

 Performance Design   

Requirements  Reduce energy consumption  Control to adjust the browning degree 

Not exceed 170 °C on the surface of the 
bread to prevent burning 

Lower half of the toaster should not 
exceed 50 °C for metal parts, 60 °C for 
plastic and buttons 

 Toast in less than 2 min and 30 s Bread slot of at least 13 mm 
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6.2 Specifications for the water kettle 

The following criteria’s, in Table 12, was used to develop a concept for a more energy efficient water 

kettle. A QFD was made, Appendix E. The conclusions derived from the QFD were that all the consumer 

demands are meet from the benchmarked products. However, the demands are not meet by one single 

product. On demand heating, temperature control and bulk heating was not achieved by any product.  

Table 12. Consumer and technical specifications for the water kettle 

 Performance Design 

Requirements Energy efficient  Safe from burns 

 Choose a lower temperature Aesthetically pleasing 

 Speed Easy to hold 

 Bulk heating Easy to clean 

 At  100 °C the heating must stop  

 Supply correct amount of heated water  

Wishes Keeping the hot water warm for longer time  

 Cheap  
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7. Results  

The information led to two toaster concepts and one water kettle concept. These concepts are presented 

and evaluated in this chapter 

7.1 Electric water kettle concept 

The developed concept had to supply an on demand solution and a bulk heating according to 

specifications. By user investigation temperature control and speed was important factors when buying 

a water kettle.  

The heating element must sufficiently heat the water to 100 °C. The heat transfer depends on the 

surface area in contact with the water, the mass flow, velocity, laminar or turbulent flow, inflow and 

outflow area, conductivity of the materials and pressure. A simple calculation was made with the 

formula  

  ̇         

With an assumed heat transfer coefficient of 9000 [w/m2K], 3000 W and heating to 100 °C to 15 °C the 

surface area needed to be 

         
    

             
            

Moreover, some energy will transfer to ambient air and materials. A solution from the product Tefal hot 

and quick showed that the principal was possible, Figure 31. This solution had printed thin film heating 

wires printed on a thermal mass and the water flowed through it in spirals increasing the time in contact 

with the heat source. The Tefal quick and hot had a pump which pumped the water through the heating 

element.  

 

Figure 31. Tefal quick and hot heat element had a length of 70 mm and a diameter of 40 mm 
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7.2 Toaster concept IR  

To test the concept of IR a test rig was constructed to test if IR was a more energy saving concept. 

The structure made from stainless steel can be seen in Figure 32. It was built up with four walls and 

inside were the reflectors and IR-emitters.  

 

Figure 32. The test structure for the IR-concept 

The IR emitters were bought from the company Backer BVH AB, Figure 33 and Appendix H. The used 

emitter had a tungsten heating wire, made of quartz glass and filled with nitrogen and fitted a R7S 

holder. The emitter hit the peak temperature of 1450 °C in just a few seconds which corresponds to a 

wavelength of 1.6 µm, according to (Kathiravan Krishnamurthy, 2008) the surface heating is best 

conducted in the FIR region. When lowering the temperature of the IR-emitter the wavelength was 
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higher than 1.6 µm. When the IR-emitter was at its maximum the bread was burned. The proper power 

depended on the distance to the bread.  

 

Figure 33. The IR-emitter with reflector. The light emitted was soft and red.  

Another emitter was tested, QHS (Quarts Halogen small), filled with halogen gas, it had higher peak 

temperature and lower wavelength. It had lower energy efficiency and higher brightness which could 

harm the eyes with prolonged exposure. QHS was neglected because of the high brightness.  

The emitter needed a reflector with high reflection.  The reflector in the prototype was made of 

stainless steel, Figure 34. 

 

Figure 34. The reflector was made from bent steel sheet 
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As radiation transmits through air. An aspect about distance was that when the distance was greater the 

rays were more evenly distributed. 

7.2.1 Reflector design 

A reflector should have a smooth surface and withstand high temperatures.  Polished steal or aluminum 

is two good reflectors materials. Stainless steel might get dark after a while and should therefore not be 

used in a product, information originated from engineers at Backer.  A reflector with gold plating or 

plated with ceramics would also be an option. 

The IR rays reflect on the surface with the angle of incident, Figure 35. When constructing a reflector the 

energy should be evenly distributed on the surface of the bread.  

 

Figure 35. The reflected ray has the same angle of incident as the angle of reflection 

When designing a reflector one must take into account that rays absorb some energy from the rays. 

Illustrated in Figure 36 the rays can reflect several times on the reflector making them weaker. Ray one 

emits directly ray two is reflected ones and ray three are reflected twice making it weaker in energy. 

Moreover, the number of rays getting reflected on a certain area adds into an energy sum. If the 

reflector is not poorly designed some areas will have higher energy transfer, se Figure 37.  
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Figure 36. The spectrum changes depending on how many times they reflect and how they are angled 

 

Figure 37. Bread toasted with the constructed reflector had larger energy transfer at the top and bottom  

Distance in this case is one key factor. When designing a reflector the following parameters must be 

taken into consideration; 

 Distance from the reflector to heat source 

 Distance to bread 

 Reflectance and absorption of reflector material  

 The geometrical set of the reflector  

3 

1 

2 
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7.2.2 Test of prototype 

Tests performed showed a reduction of energy usage. The parameters varied were; time, power and 

distance. Furthermore, surface temperature, inside temperature and brownness of the bread were 

studied. See Appendix G for the entire result.  The results establish were that the energy usage was 

lower with the IR-emitter.  

The surface temperature and inside temperature was plotted for the classical toaster Electrolux 

EAT5110 with 930 W power, Figure 38. The surface temperature increased linearly and the inside 

temperature stopped increasing below 100 °C. This phenomenon derived from the fact that the surface 

dries and the inner part stayed moist.  

 

Figure 38. The heating curve of Electrolux EAT5110. Red line is the inner temperature and green the 
surface temperature in Celsius  

The IR-prototype had a similar curve, however, it displayed a more rapid heating of the surface and 

inner temperature. The surface temperature and inner temperature of the classical toaster started 

diverging after about 70 s while the IR-prototype started diverging at 50 s. In Figure 39 this phenomenon 

is displayed. The power used during this test was 800 W that was 130 W lower than the classical toaster.  
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Figure 39. Heating curve of IR-prototype. Red line is the inner temperature and green the surface 
temperature in Celsius 

The end time of the test is the same, 140 s. However, because the power of the IR-prototype was lower 

the energy saved was 11.5 %, se Appendix G for more tests with different parameters. 
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8. Conclusions  

In this chapter the conclusions are presented for the water boiler and the toaster 

8.1 Water kettle 

The water kettle was a product with high-energy efficiency. If the heating stopped before boiling the 

kettle was almost 100 % efficient. The performance of the products varied from 93 % to 66 % due to 

excess boiling.     

Energy waste derived from excess heating of water which could be reduced by supplying the correct 

amount of heated water through an on demand solution.  

Another aspect was that for some beverages, for example tea, the temperature of the water should be 

lower. By supplying the right temperature some energy can be saved.  

The water kettle was mainly used for making tea water, pasta water or to make instant coffee. The main 

desires were: 

 A  water kettle should dispense the correct amount of water 

 be fast  

 visually pleasing  

 energy efficient  

 easy to clean 

 keeping the water hot for a longer time 

 

8.2 Toaster 

If an IR-emitter was used the energy saving possibility of a toaster was up to 25 %. The IR-emitter had a 

steeper heating curve and transferred the energy to the bread faster than in a classical toaster. This was 

derived at the conclusion that the heat transfer was mainly from IR-rays and less from heated air. 

As the total energy saved was low concerning the total amount one must also include the standby 

energy usage. If a toaster had a light or display it would reduce the energy efficiency significantly as it 

was on 24 hours a day, even if it is not in use. To make energy efficient products in this segment the 

standby power must be considered.  

An aspect that was considered was that a transparent toaster can be used as a user controlled browning 

sensor. It also gives a design approach that was not used in many toasters.  

The design of the reflector needed to be considered when designing the product. The reflector needed 

to be adapted to the geometries and form of the toaster.  

The main findings during the toaster survey and probe were: 
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 The dials for a toaster was hard to understand  

 The handle did not feel robust  

 Visual aspects was important 

 It was hard to clean  

 It was a luxury product 

 A toaster should supply golden brown bread 

 It should be easy to use 
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9. Discussion  

In this chapter the results are analyzed and future efforts are discussed 

The resulting toaster concept showed that it was possible to save energy by utilizing an IR-emitter. 

However, the total amount of energy saved for a household was insignificant. If translated into money 

the saving was about one SEK per year. On the other hand, if calculating the energy saving for all 

toasters sold the impact would be greater. One aspect not investigated was the environmental impact of 

using the IR-emitter. Is the production environmental friendly? How should it be disposed?  

How much more would an IR-toaster cost? The savings in energy might not be equivalent to the extra 

cost of the IR-emitter.  The IR-emitter bought from Backer cost 247 SEK retail. However, if the IR-emitter 

can be mass-produced in lower quality, the price would be much lower.  

The act of toasting bread was a complex procedure in many aspects mainly because of the diversity of 

bread on the market. A proper standard to investigate the performance of toaster would have made the 

testing less ambiguous. The standard used was subjective and relied solely on the color of the bread. 

Parameters like moisture content and texture was suppressed. When the energy performance test was 

conducted on the toasters, a reference product was used where the color of the toast was compared. 

The tests showed a fairly strong energy reduction when using IR-emitter, nevertheless the results was 

not totally accurate 

Water kettles were products with high energy performance and sold because they were fast and speeds 

up the cooking on stoves. They were in many cases retailed because of this aspect and the opinion was 

that they were sold as energy saving appliances. However, in some cases the water kettle had an energy 

performance as low as 66 %. Point of sale should perhaps be on comparing water kettles and not 

comparing them against the stove.  

Results from the survey gave good information from a variety of international people. However, the 

ages of the participants were narrow and investigation of people above the age of 31 was needed.  
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9.1 Future work 

This writer recommends an investigation if a supplement material with predefined parameters and 

targets can be used to determine the performance of a toaster. By measuring moisture content, surface 

temperature and inside temperature of this material a standardized performance test can be made easy 

and fast. The main problem is finding a suitable material and which parameters make the perfect toast.  

Furthermore, a more extensive analysis of heating and flow for the on demand solution is needed. The 

problem is that the inflow is laminar and cannot transfer the heat to the water fast enough. How should 

the on demand heating element be constructed and how big should the input be?  

The coffee maker is a product which has its biggest impact during the production of the coffee beans. If 

the used coffee grounds would be composted the environmental impact would be reduced. If this 

problem would be solved a great improvement would be made.  

  



54 
 

10. References  

House of tea. (n.d.). Retrieved 10 03, 2011, from House of tea: 

http://www.houseoftea.se/beredning_av_te.php 

Ingvar, E., & Granryd, E. (2006). Tillämpad termodynamik. Denmark: Studentlitteratur. 

kaffeinformation, S. (2011). Svensk kaffeinformation. Retrieved 06 09, 2011, from 

http://www.kaffeinformation.se/templates/FullPage.aspx?id=840&epslanguage=SV 

Kathiravan Krishnamurthy, H. K. (2008). Infrared Heating in food processing: An overview . Institute of 

Food Technologists. 

Müller, M. (2000). Heat Transfer in Food. Stockholm: Electrolux Research & Innovation AB. 

SIK. (2010, November). http://www.kaffeinformation.se. Retrieved September 30, 2011, from 

kaffeinformation: 

http://www.kaffeinformation.se/upload/Miljö/SIK%20Livscykelanalys%202010%20finaliserad.p

df 

SimTK, the Simulation Toolkik. (n.d.). OpenSim 2.2. Retrieved 03 16, 2011, from 

https://simtk.org/xml/index.xml 

testlab, E. (2009). Retrieved 06 09, 2011, from 

http://www.energimyndigheten.se/sv/Hushall/Testerresultat/Testresultat/Induktionshallar 

Ullman, D. G. (2003). The mechnical design process (Third edition ed.). New york: McGraw Hill. 

 

 

  



55 
 

11. Appendix A: Energy performance study of water kettle  

 

The test was conducted following 9 steps: 

1. Firstly the water kettle was weighed 

2. The kettle was filled with about 1 liter of water equal to about 0.97 kg 

3. The water kettle was weighed  

4. One thermocouple was lower into the center of the water and one on the middle outside 

side of the kettle 

5. The kettle was turned on and the effect was measured 

6. At 100 °C the time was noted  

7. When the kettle turned off the time was noted  

8. The temperature on the outer shell was noted 

9. After about 30 second the kettle was again weighed 

  EEWA 7000 
Stainless 
steal 

EEWA 5100 
ergo sense 
(plastic) 

EEWA 3100 
ergo sense 

Philips kettle 
HD4646 
(steel) 

OBH Nordica 
harmony steel 
6485 

Electrolux ergo 
sense 5200 
(steel) 

Rated power (W) 2400 2400 2200 2000-2400 2200 2400 

Real power (W) 2050 1995 1920 2150 1970 2110 

Time 1 Liter (SEK) 230 185 213 164 205 190 

Time 1 Liter 100 
degress (SEK) 

170 170 180 150 175 170 

Time 0.5 liter (SEK) 172           

Time 0.5 liter 100 
degress (SEK) 

96           

Hidden element yes yes yes yes yes yes 

              

Weight without 
water (g) 

1017 724 851 706 857 884 

Weight with water 
(g) 

1983 1687 1872 1721 1875 1903 

Total weight after 
boiling (g) 

1957 1680 1864   1855 1889 

              

Temperature on 
shell (Celsius) 

82 58 48 71 75 70 

Max temperatur in 
water (Celsius) 

105 106 106 105 105 106 

              

Energy usage in 
theory 

313.010565 312.0384825 330.83207
75 

328.8879125 329.859995 330.1840225 

              

Energy used until 
100 degress (KJ) 

348.5 339.15 345.6 322.5 344.75 358.7 

Energy used after 
automatic shut off 

471.5 369.075 408.96 352.6 403.85 400.9 

              

Decreased temp 
after 10 min 

    94 91 95 95 
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(Celsius) 

Water loss (g) 26 7 8   20 14 

              

Thermal efficiency 0.66386122 0.845460902 0.8089595
01 

0.932750744 0.816788399 0.823606941 

Thermal efficiency 
100 degress 

0.898165179 0.920060394 0.9572687
43 

1.019807481 0.956809268 0.920501875 

       
Price 620 495 395 395 359 595 

 

 

Figure. Positioning of the thermocouples. The inside thermocouple was positioned in the middle of the 

water.  
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12. Appendix B: user survey  
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The answers not fitting in the graphics are presented in table form below 

Describe the perfect toaster 

snygg eftersom den alltid står framme och aldrig använts, då kan den lika gärna få va snygg... annars är den rätt meningslös 

...easy to clean, with a crum pouch to clean the crums easily. 
...does not smell like burnt crums. 

Analyzing the color of the bread so that it reaches the perfect color and, and gives a breath-taking taste to my toast. Miam. 

easier way to collect crumbs - or preferably no crumbs at all to clean. 

fast, nice design and easy to clean 

The perfect toaster should not burn the goods, it should stop itself when the degree inside is too high. 
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fast, shiny with no risk for burns 

Simple and fast 

cool design. small and efficient 

en betjänt som gör det manuellt i min salong 

My perfect toaster should be big enough to prepare more than few slices of bread, but shouldn't be too big considering the storage. It should 
be fast without burning the bread (since different types of breads bring about different results). It should eliminate the problems like breads 

stuck inside, or cleaning. It should be visually appealing too:) 

cheap, fast, energy efficient, easy to clean. 

simple toaster 

The perfect toaster does not burn the bread, it heats it up. It's always ugly, so design doesn't matter. It has to function and has to be cheap. 

retro-utseende, liten och smidig 

Tar liten plats, rostar perfekta mackor och är snabb. 

Quick, simple, doesn't burn the toast and detects this automatically. 

the classical one 

pretty 

Efficient and good looking 

a fast one, I don't want to see it when I don't use it 

får plats med 4 lingongrova (lite större brödskivor), lätt att lyfta ur "låga" och små brödskivor, fin 

Efficient, nice design, fast and even toast 

1. Easy to clean 
2. Price; should be cheap because hardly use. 

Retro metal styled toaster. 

i generally don´t use a toaster because i don´t consider as something essential in the kitchen. 

Snygg och billig. Behöver inte vara särskilt bra eftersom jag inte använder den... 

roasts evenly and consistantly 

makes perfect toast and makes it relatively fast 

it's fast and good looking, like a ferrari 

perfectly fit for every kind (size) of bread and it should be fast 

The pefect toaster is energy efficient, fast, has several functions, easy to use and clean. 

Don't eat toast 

Small, fast with variable heating and it is bonus if it would be environmentally friendly (which I would pay extra for). 

the best! 

just metal and small 
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good-looking, toasts the bread evenly and fast and not too expensive 

snabbinga smulor runt omkring denbrödet bränns inte 

good-looking and easily toasts also frozen bread. 

Easy to clean and use! 

easy to use and energy efficient 

is a toaster plate where i can put my eggs on as well 

Easy and quick to use, easy to clean, easy to pick up the bread. Would also be able to toast other varieties of bread than the standard "toast" 
without the bread getting stuck in the toaster or burning. 

small, heats up fast, 2-toaster size, has removable plates so they clean easy, has a inside heater to turn on and off when it gets hotter than a 
specific temperature. 

small, easy to store, 

 

Describe the perfect coffee maker 

för både vattenkokaren och kaffebryggaren är det viktigaste att mängd markeringen är tydlig, enkel och korrekt. tex den philips vatten 
kokaren som jag använder nu har svarta relief siffror på insidan av vatten behållaren, de syns inte vilket gör att kaffet ofta blir för 

svagt/strakt vilket i sin tur gör att allt blir "waste" 

Note: we do not drink coffee as often (not every day). When we do it is usually with friends so it is done a big amount of coffee. 
I would say we make around 10 cups of coffee per month. 

Doesn't drip when boiled - or at least make use of the coffee drips in a more aesthetically pleasing way. 

It should be easy to clean and use. Perfect coffee maker should be saving energy while stabilizing the degree of the coffee. 

Fast, quiet 

same as for a water boiler. 

Design (shouldn't be bulky, yet enough to serve for many people/visibility of the content/simple interface), ease of use (considering the entire 
process: preparing the coffee, cleaning, etc.), ease of storage are of greater importance. It should be fast as well. 

it's just about having the closest to the espresso coffee normally served in good bars, so a Moka type machine would be the best solution for a 
home. 

The perfect coffee maker guarantees the perfect flavour and allows for easy dosing (1 pad for 1 cup). Design is somewhat more a factor than 
with water boilers since it has appeal to it (Senseo, classic espresso machine, ...). 

Lätt att använda, liten, snygg design 

fast, good taste, good design 

Pretty and easy to estimate how much coffee to put in 

I don't like coffee that much, and it's not highly appreciated within the family... so no proposal for a coffee maker 

en pressokanna kanske, jag kokar sällan kaffe 

1. Perfect taste 
2. Easy to clean 

A tea maker 

Can make cappuccino :P 

Good taste, fast, making the right amount of coffee 

No need to change filter each time. 
You pour in water and then you deciede how many cups. 

2 cups on the machine equals 2 cups in real life! not as now = 1 :( 
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an espresso machine with a butler next to it. 

For me who does not drink coffee but want a coffee maker to offer guests coffee, it must take up minimal space and be easy to use. 

the italian mocca 

 

How would you describe the perfect water boiler 

Cordless and can be touched without getting burnt by the metal casing (for metal kettles); can recycle the steam somehow. 

It should be easy to hold, use and clean. Also it should be energy-saving for environmental and economical issues. 

Fast and easy to use, no risk of burns 

Nice design, isolating the water keeping it hot. 

Easy to use, aesthetically pleasing, and also the one I mentioned above about keeping the water hot for a longer time... Though I am aware of 
the energy efficiency and waste, and give importance, I wouldn't just buy because it is environmentally friendly. It can be environmentally 

friendly in addition to other concerns because these products are used frequently in a day. 

made of ceramics, temperature selection, nice design (why not?), overall great thermal insulation (keep water warm as long as possible). 

The perfect water boiler is fast and practical in use (for adding water, exists of 2 pieces: base & cooker, easy to poor without being burned by 
the rising steamn, no spilling when pooring all at once). 

 
Design can be fun but not necesarry. Prices doesn't matter since the most expensive boilers are still fairly cheap. 

Rymmer 1-1,5 liter men ändå liten och smidig, lätt att fylla med vatten, lätt att avläsa 

Behändig, snabb och energisnål 

That which is fast, easy to clean, with nice ergonomics. 

-fast boiling 
-reasonable price 

-easy to clean 
-medium size 

-also functioned to store the water hot for some time, so i don't have to boil water again if i want another cup of coffee 

The one I have :-) 

Pretty, easy to fill right amount, not heavy 

Simple and easy to use, nutral design, organic shape, highly energy efficient. 
The best thing would be to propose the riht amount of water to use. 

It would be nice to let the user know when the right amount of water is reached. 
 

it should also disappear when is not needed ! 

miljövänligt (inkl energisnål), med termometer, snygg, enkel att använda 

Fast, energy efficient, nice design and easy to use. 

1. Inside material should be steel. 
2. Easy to clean 

3. Saving water system 
4. Speed 

5. Cool design 
6. Proper price 

 
... Perfect! 

just with the extra feature that i described before. 

Snygg 
Lätt att rengöra 

Klarar mycket liten vattenmängd och har exakt skala så att man inte behöver koka för mycket 
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Lätt att förstå när man är helt bäng kl 06 på morgonen - visar tydligt om den är på eller av, osv 

I want one that looks like a retro kettle. (Like a "whisteling johanna"). 

The one that works. Works fast and efficient is a bonus. 

snabb kokning, i drömvärld - vattnet klar på bara några SEKunderinte skvättardet hörs när den är klar även om jag inte är i kökettydligt 
syns hur mycket vatten som är kvaringa kalkrestergår att koka bara en kopp, dvs till ex. behöver inte fylla minst 5dl 

The perfect water boiler would be not needing a separate water boiler; No extra product in the kitchen. 
While having at the same time instant hot water. 

Easy to use, boils water quickly, easy to boil eggs without them cracking, nice design, no chance of burning neither on the kettle or on the 
water/steam, energy efficient and environmental friendly. 

Easy to use, boils fast , looks nice 

the scale is annoying so self cleaning and water purifing would be nice 
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13. Appendix C: Qualitative user study 

 

Name of 
toaster 

Eat 5110 Eat 5110 eat 5110 eat 5110 

How would you 
describe the 
sound of the 

toaster 

The device sounds 
like it woulb break 
because it sounds 
like there are 
moving part not 
connected- 
"skramlig" 

- Very  quiet 
- Sound a little like qutlery  

- A little "skramlig" Very quiet, When you pull 
down the handle it sounds 
cheap 

What do you 
associate with 

this sound 

      Cheap like a melissa 

Easy to load and 
remove bread 

Easy to load the 
bread, Easy to 
remove bread 

  Easy to remove 
bread 

  

why hard? The bread pops up 
high.  

  - The handle was 
hard to push down. 
Got stuck and 
jamed 

  

What do u think 
of the bun 
warmer? 

      Unstable. Easy to tip over 

What about the 
buttons? 

  Easy to adjust browning degree Easy to understand 
the buttons, Easy 
to adjust browning 
degree 

Easy to adjust browning 
degree 

Safety no no - Not warm, 
reliable 

no 

Browning Shade 1 Shade 1 Shade 3 Shade 3 

Was is easy to 
adjust browning? 

started from three 
which was a good 
start 

yes yes yes 

What type of 
roast do u like? 

Soft crust, Wet 
inside 

Soft crust Soft crust, Medium 
wet inside 

Hard crust 

What kind of 
look would you 

like in a toaster? 

      Retro, Simple and clean 
(white and clean) 

What look does 
this  toaster 

have? 

Simple, Simple and 
clean (white and 
clean) 

Futuristic, Simple and clean (white and 
clean) 

Retro, Plain, Simple 
and clean (white 
and clean), 
Minimalistic 

Plain, Simple 

What do u think 
of the 

appearance of 
this toaster? 

Looks like a toy.  
Good with pictures 

- Nice but a little plastic - A little plastic but 
reliable look.  
- The draft in the 
bottom of the 
toaster was not 
nice 

Looks cheap 

What about the 
buttons? 

Fine but hard to 
understand 

- Likes. Elegant and simple 
- Good with buttons on top 

-You could not 
cancel the defrost 
without canceling 
the entire process 
- Good placement 
of buttons on top 
for better view.  

Totally ok 

Name of 
participant 

B A C D 

Gender Female Female Male Female 

Age 60 24 24 27 
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How many bread 
slots would u 

like? 

4 2 2 2 

Other comments         

Rank how easy it 
was to choose 

your preference 
in browning 

1   1 1 

Other - Always drink 
coffee or tea to 
toast. 
- Likes that there is 
a "how to" picture 
on the device 
-Takes bread from 
frezer but did not 
know of freezing 
bread function 
- Like to have 
cheese on the bread 

    When I had one every day.  

What type of 
roast did u get? 

Soft crust, Wet 
inside 

Soft crust Hard crust, Wet 
inside 

Hard crust 

How often do u 
use a toaster 

In periods 1 / 3 month   Every day 

Comments   - Likes it   The handle sound to much 

What setting did 
you start with? 

3 4 4 4 

What settings 
was best for you? 

3     5 

 

Name of toaster Philips  Philips Philips Philips 

How would you 
describe the sound of 

the toaster 

- It sounds like a truck 
backing up 

Quiet 
It sounds good.  
Likes the artificial sound 
when the toast is ready 

Good sounds. The 
artificial sound was not 
good.  

luxury 

What do you associate 
with this sound 

- Truck backing up 
- unnatural sound 
- Food store 
  

    Luxury 

Easy to load and 
remove bread 

Easy to load the bread, 
Easy to remove bread 

Easy to load the bread, 
Easy to remove bread 

Easy to remove bread Easy to load the bread, 
Easy to remove bread 

why hard?   Its was not hard. It was 
easy because the bread 
came up high.  

    

What do u think of the 
bun warmer? 

        

What about the 
buttons? 

Easy to adjust browning 
degree 

Easy to adjust browning 
degree 

Easy to adjust browning 
degree 

Easy to adjust browning 
degree 

Safety no It was cool   okej 

Browning Shade 2 Shade 1   Shade 3 

Was is easy to adjust 
browning? 

Easy but hard to see the 
small buttons  

The starting setting was a 
good guess. Nr 3  
Somewhat uneven 
browning  

yea yes 

What type of roast do 
u like? 

Soft crust Soft crust, Wet inside   Hard crust 

What kind of look 
would you like in a 

toaster? 

Retro, Look simple, 
Metall 

    Retro, Simple and clean 
(white and clean), Metall 
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What look does this  
toaster have? 

Futuristic, Simple Bulky Futuristic, Simple and 
clean (white and clean), 
Minimalistic 

  

What do u think of the 
appearance of this 

toaster? 

Nice, Feels strong 
stable..... 

- It looked like a jukebox 
from the sixties 
- Would have been more 
appealing if it was fully in 
chrome  

  Luxury 

What about the 
buttons? 

Likes them  - Good with lights 
- Nice with rubber 
handles, feels nice 
- more robust lowering 
handle  

- To many high pitched 
sounds 

Good 

Name of participant A  B C D 

Gender Female Female Male Female 

Age 24 60 24 27 

How many bread slots 
would u like? 

2 4   2 

Other comments       I would like to have it 

Rank how easy it was 
to choose your 
preference in 

browning 

1 1 1 1 

Other   - Starts with three. 
- Likes the bun warmer 
because in the microwave 
the buns get doughy 
-  

    

What type of roast did 
u get? 

Soft crust Soft crust, Wet inside Hard crust, Medium wet 
inside 

  

How often do u use a 
toaster 

1 / 3 month In periods     

Comments likes it     Sounds like a car "sweet" 
Nice funktions 9/10 
Apearence 9/10 

What setting did you 
start with? 

4 3 4 4 

What settings was best 
for you? 

3     5 

 

Name of toaster Elux eat 7000 Elux eat 7000 Elux eat 7000 Elux eat 7000 

How would you 
describe the sound of 

the toaster 

- Just enough Quiet  Quiet - Sounds like parts are 
moving. "skramlig" 

Ordinary 

What do you associate 
with this sound 

- Sounds like metal 
cutlery  

A lot of parts that 
sounded loose. Not good 
in durability  

- Hard, metall Like everyone else 

Easy to load and 
remove bread 

    Easy to remove bread   

why hard?   - The handle was not 
good. It was hard to push 
down.  
- It was easy to burn 
yourself when removing 
the bread.  

- Hard to pull down the 
handle. It got stuck and 
jamed 

Warm 

What do u think of the 
bun warmer? 

do not like it     Does not have one 

Safety - It was very warm. Burnt - It got very warm. 
Especially on the edges 
and top of the toaster.  

- It got very warm but it 
works 

Really warm = bad 
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Browning   Shade 1 Shade 3 Shade 3 

Was is easy to adjust 
browning? 

yes -Hard to understand the 
grading  

- Did not get any good 
bread 

It was not good 

What type of roast do 
u like? 

Soft crust Soft crust, Wet inside Soft crust, Medium wet 
inside 

  

What kind of look 
would you like in a 

toaster? 

  Plain, Look simple, 
Minimalistic, Metall, 
Round corners 

Retro, Minimalistic, 
Round corners 

  

What look does this  
toaster have? 

Simple, Bulky Bulky Plain, Simple   

What do u think of the 
appearance of this 

toaster? 

do not like it 
- it looks gray and boring 

- Good looking but 
clumsy/bulky  

- Low cost toaster 
- To flashy buttons 
(wrong color) 

Bad 

What about the 
buttons? 

- Like that the stop 
button it lit. So you know 
how to stop 
 
- dont like the buttons 

- Cheap turning dial 
 
- Good that it lit up 

- Totally ok. Nice klick 
sound 

Good 

Name of participant A  B C D 

Gender Female Female Male Female 

Age 25 60 24 27 

How many bread slots 
would u like? 

  4 2 2 

Other comments         

Rank how easy it was 
to choose your 
preference in 

browning 

3 3 5   

Other     - 3 slices every time   

What type of roast did 
u get? 

Hard crust Hard crust, Medium wet 
inside 

Hard crust, Dry inside, 
Burnt 

  

How often do u use a 
toaster 

1 / 3 month In periods Every other day   

Comments   Feelt like it was slower 
then the other two  

  I burned my self 
Function 7/10 
Appearance 7/10 

What setting did you 
start with? 

3 4 3 3 

What settings was best 
for you? 

3 3     
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14. Appendix D: QFD toaster 
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15. Appendix E: QFD water kettle 
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16. Appendix G: Energy performance test with IR-prototype 

The test was made with the prototype. The surface temperature and inside temperature were measured 
with thermocouples. The energy usage was calculated and compared with the reference product 
Electrolux EAT5110. 

Test nr. 
A... 

Distance 
[mm] 

Effect 
[W] 

Time 
[SEK] Tot tid Brownness Comment 

Energy 
usage  

Total 
energy 
usage 

[KJ] Energy saved % Bread 

a0 X x X X     
  100,33 23,5 Jätte franska 

a2 X Xx X X   Kinda 
burnt   116 11,5 Jätte franska 

a3 X X X X Golden 
brown 

Golden 
brown   124,8 4,8 Jätte franska 

a4 X X X  Golden 
brown 

Little 
weak 

effect in 
the 

beginning   125,3 4,4 Jätte franska 

a5 X x X 

X 

Golden 
brown 

Changed 
effect 
when 

becoming 
brown 74000 114 13,1 Jätte franska 

   X X X     40000     Jätte franska 

a6 X X X 

X 

Golden 
brown 

Little 
lighter 
golden 
brown 80000 113,5 13,4 Jätte franska 

  X X X X     33500     Jätte franska 

a7 X X X 

X 

Little 
burned on 

some 
places 

  

85000 113 13,8 Jätte franska 

  X X X X     28000     Jätte franska 

a8 X X X 

X 

Golden 
brown 

Easier to 
control 
with 50 

mm 90000 120 8,5 Jätte franska 

  X X  X     30000     Jätte franska 

a9 X X Xx 
X 

Golden 
brown 

  

82500 117,9 10,1 Jätte franska 

  X X  X     35400     Jätte franska 

a10 X X X x Little burn 
golden 
brown     100,8 23,1 Skogaholms orginalrost 

a11 X X X x   
    127,8 2,5 Skogaholms orginalrost 

a13 x X X x   
    70 46,6 Skogaholms orginalrost 

a14 X X Xx x       121,8 7,1 Skogaholms orginalrost 

a15 X X x x       131,13   Skogaholms orginalrost 

file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a0/A.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a2/AR002.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a3/AR003.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a4/AR004.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a5/AR005.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a6/AR006.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a7/AR007.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a8/AR008.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a9/AR009.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a10/AR010.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a11/AR011.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a13/AR013.ezv
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a14/AR014.CSV
file:///C:/Users/Johan/KTH/Electrolux/Electrolux%20exjobb%20arbetsmapp/Tests/Test%20IR/a15/AR015.ezv
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17. Appendix H: IR-emitter 

 

 

 

 


