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Abstract 

This project aimed to design the interior of a Super Premium refrigerator and a 
freezer of Electrolux directed to a Chinese market. To carry out this, the user 
and its environment was analysed in detail in order to get as much 
information as possible to obtain a successful design. The market was also 
analysed to see the competitive products that other brands could have. 
Taking into account all the information collected in the analysis some 
innovative concepts were proposed and from these concepts a solution was 
obtained which met all the objectives. This final product fits with the daily life 
of the user. In addition, it gives a touch of innovation to the market of 
household appliances. 
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1 INTRODUCTION 

Nowadays household appliances have become essential objects in the daily 
lives of most people. Over the last 150 years to keep the food fresh has been 
important, and to conserve the food longer people started to learn how to 
maintain it in lower temperatures. Before refrigerator existed, people used to 
eat seasonally and stored ice or snow to maintain some beverages cold. In 
1803, the first cold box designed by Thomas Moore appeared (Freidberg, 
2009). The ice started commercialized and the demand for ice increased 
suddenly and as a response bigger cold boxes emerged on the market. In 
the following years, ice boxes continued improving and developing even 
more. That was the beginning of the refrigerator, but the appliance we know 
today as “refrigerator” appeared in the 20th century.  

Nowadays there is a refrigerator and freezer in almost every house of the 
developed countries. That is why Electrolux is interested in the development 
of these household appliances and they want to get into a new level in the 
Chinese market. 

1.1 Electrolux  

Electrolux is a global leader in household appliances, selling more than 40 
million products in more than 150 countries every year (Electrolux Group, 
2015). In the latest annual report, it was known that 67% of product sales 
comes from frozen appliances and specific from refrigerators.  

The company focuses on innovations that are thoughtfully designed, based 
on consumer insights to meet the real needs of consumers. Electrolux also has 
in consideration other aspects such as sustainability and Electrolux heritage. 
Electrolux vision is to be the best appliance company according to Electrolux 
Annual Report 2014. Electrolux heritage represents simplicity, the use of 
recyclable materials, an intuitive usage, a sense of comfort and security and 
a flexible way to use the product. 

The project was performed at AB Electrolux in Mariestad, Sweden. This is 
where they develop and manufacture refrigerators, upright freezers, “combis” 
(refrigerator and freezer in one product) and industrial refrigerators. The 
company manage brands such as AEG, Electrolux, Elektro Helios, Husqvarna, 
Rosenlew, Zanussi, Zatrap and NorthStar Sitetel. 

1.2 Definition of the problem 

There is a specific and new gap in the market that Electrolux has identified to 
develop a new product line. This gap is called Super Premium and it will be 
placed between Grand Cuisine and Premium, the two most luxury lines in the 
company. Super Premium comprises high quality of products with detailed 
and personalized design manufactured in Europe for a Chinese market. The 
aim of this project is to develop the overall concept for the interiors of a 
refrigerator and a freezer (shelves, shelf support and inner liner). This product 
will be sold in China; since the Chinese market is very interested in European 
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products and the amount of money it is not a problem for the aimed target 
group.  

1.3 Objectives 

To carry out this project there were several objectives that had to be 
considered: 

• Provide Electrolux with a proposal concerning the concept of the 
cabinet interior in terms of shelves, shelf support and inner liner based 
on the pre-existing refrigerator and freezer (see section 2.1).  

• Develop the concept modelling in 3D CAD. 
• Give an up to date proposal of concepts and provide inspiration to 

the company and new points of view for future product development, 
considering the specific target of the product.  

• Propose an interior that differentiates Electrolux from the competitors, 
(analysis of the market) with clear connections to their heritage from 
the professional sector. This means that the design should be intuitive, 
simple, pure, comfortable, innovative and user-friendly (Electrolux 
Group, 2015). 

• Propose a design in which current cooling technologies may be 
utilized. 

• Make 3D models of the 3 final concepts in a CAD programme. 
• Build the prototype of the final concept with the support of the 

company to validate the product. 
• Select suitable materials from an aesthetical and functional 

perspective for the final concept. 
• Create technical 2D drawings of the different parts of the final 

concept as well as 3D renderings that will help the final visualisation of 
the product. 

1.4 The design process 

There are many different methods to structure a design processes, but usually 
it is much better to use a simple design process which has few main phases 
and then divide those phases into more specific sub-phases. These helps 
people working on the project organizing the work in a better manner and 
also avoiding confusions between phases. According to Cross (2000, p. 36) 
“some much more complex models have been proposed but they often tend 
to obscure the general structure of the design process by swamping it in the 
fine detail of the numerous task and activities that are necessary for all 
practical design work.” That is why in this thesis Archers Design Process (Cross, 
2000) was used. This method is divided into the three main phases: the 
analytical phase, the creative phase and the executive phase (see Figure 1). 
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Figure 1: Archer’s Design Process (Cross, 2000, p. 36). 

As can be seen in Figure 1 in the analytical phase the searching and the 
study of different fields were done such as market and user study in order to 
analyse the context and understand better the problem. In this phase, three 
different methods were used: Personas, Literature research and Interviews. 
This was done to define the user better. 

Once the problem and the context were clear the creative phase started. 
This second phase encompasses the generation, evaluation and selection of 
ideas as well as the development of the three best concepts, in 3D. For this 
purpose two different types of methods were used: idea generation and idea 
evaluation methods (see Figure 1). 

In the last phase, one of these three concepts was selected as the final idea 
and it was thoroughly defined and modelled in 3D. So, in the end, the 
product should be properly dimensioned with all the materials defined as well 
as the possible manufacturing processes and meet the previously defined 
objectives and product specifications.  
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2 BACKGROUND 

This project was based on an existing refrigerator and freezer from the 
Premium range of Electrolux so it is important to know some technical details. 
For example, the kind of technology used to preserve the food longer or the 
temperature inside of the fridge, among other characteristics about the 
product that was redesigned. As well as, data that could be useful in the 
design process, for example the measurements of the pre-existing models or 
the use of other elements that improve the function inside of the fridge like 
lights or filters, etc.  

2.1 Refrigerator and freezer models 

• Refrigerator (model: ERF3865AOA) 

The main characteristic of this refrigerator is the Multi Flow cooling system 
(see Figure 2). Thanks to this system the temperature of the refrigerator is 
uniform and the humidity is high allowing the fresh products to last longer. 
This Super Cabinet contributes to low noise and long life. In addition, this 
refrigerator has a TasteGuard® active carbon filter which ensures that the 
refrigerator is free of bad odour. It also has a modern LED technology, 
which gives the user a good visibility of the entire interior. Furthermore, it 
has an LCD display on the door. For more technical information see 
Appendix A (Electrolux Group, 2013A). 

 

Figure 2: Existing refrigerator model. 
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• Freezer (model: EUF2945AOA) 

This freezer has the FrostFree technology, which eliminates the need of 
defrosting while, ensures that the freezer is working constantly optimally 
(see Figure 3). It also has a display on the door that gives the user full 
control over the storage conditions to increase the longevity of the 
products. It has a special function called Fast Freeze that helps to preserve 
the food’s vitamins, texture and taste. In addition, this model of freezer has 
an alarm that alerts the user if the temperature is not appropriate. For 
more technical information see Appendix A (Electrolux Group, 2013B). 

 

Figure 3: Existing freezer model. 

Some aspects of these two models were taken into consideration. For 
example, the rail mechanism of the drawers was included also in the new 
product. Furthermore, the lowest temperatures were taken into account in 
the product specification as well as the overall measurements of the 
refrigerator and the freezer.  

2.2 Standard regulations considered in Electrolux refrigerators and freezers 

For most of the companies, which work with household appliances or similar 
products, the use of standard regulations related with users’ safety is 
mandatory. These standards are international norms that take in 
consideration electrical aspects as well as possible risks for people and 
children.  

Produktegenskaper

• Temperaturalarm lys/ lyd 
• Superkabinett 
• FrostFree 
• Sirkulerende kjølesystem 
• Tette fryseskuffer 
• Transparente fryseskuffer 

Fryseskap 

EUF2945AOA
Fryseskap med FrostFree-teknologi, som fjerner behovet for 
avriming samtidig som det sørger for at fryseren hele tiden fungerer 
optimalt. Displayet på døren gir deg full oversikt og kontroll over 
oppbevaringsforholdene. Superkabinett gjør skapet svært stabilt og 
øker levetiden. FastFreeze-funksjonen bevarer matens vitaminer, 
tekstur og smak. 

Produktfordeler

La produktene dine skinne 
Vær modig – la produktene dine avgjøre 
fargen på kjøkkenet ditt. Plukk 
favorittfargen din fra Electrolux' 
produkter i høyglanset design. 

 

Slutt på avriming med dette 
energieffektive skapet. 
Denne modellen har FrostFree-system, 
så du trenger ikke avrime den. I tillegg 
har den en miljøvennlig A+-
energimerking. 

 

Se inn i hvert hjørne av kjøleskapet 
ved hjelp av moderne LED-lys 
Få oversikt over innholdet i fryseren 
ved hjelp av avansert LED-teknologi. 
Dette energisparende systemet gir 
svært god belysning. 

 

Rask innfrysning av dine matvarer 
FastFreeze-funskjonen kjøler ned ferske 
matvarer raskere, slik at matens 
vitaminer, tekstur og smak blir bedre 
bevart. 

 

Vær trygg på at maten din 
oppbevares ved riktig temperatur 
Ingen grunn til å bekymre seg for at 
temperaturen i fryseren skal stige - 
temperaturalarmen varsler deg med både 
lys og lyd om dette skulle skje. 

Fryseskap

EUF2945AOAEUF2945AOAEUF2945AOAEUF2945AOA
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AB Electrolux uses specific standards for the design and manufacture of the 
refrigerators that will be briefly explained. These standards were provided by 
the company:  

• IEC60335-1:2001+A1+A2/IEC 60335-2-24:2010 

In general this standards are related to low voltage and electrical aspects. 
Ranked in 250 V to 480 V depending on the kind of product. The norms 
consider electrical and mechanical risks for cooling appliances (IEC 
Webstore, 2015). 

• EN60335-1;2002+A11+A1+A12+A2+A13+A14+A15/EN60335-2-24:2010  

These ones are about the use of insulating materials for better fire 
protection. To achieve this goal many tests are done in the companies. 
The materials are allowed to ignite to high temperatures (between 750 to 
950 °C) and then the self- extinguished should be in about 30 seconds. In 
domestic appliances, to catch fire is easy due to defective components 
as electrical connectors, contacts, switches, etc. (Schurter electronic 
components, 2009). 

• EN62233:2008  

The last one deals with “regulations and methods for electromagnetic 
fields of household appliances regarding human exposure” (Bureau 
Veritas Group, 2012). 

The knowledge and implementations of these requirements during the 
product development will help the company to reduce risks and unnecessary 
cost. This means that the manufacturing process will be more secure because 
workers will have to follow some specific rules and also the energy used by 
the refrigerator will be limited to be safe and environmentally friendly. For the 
project it was important to know about these safety regulations in case this 
information may be considered during the design, the selection of the 
materials or in further product development. Security and use of the product 
is part of the design process especially in this project that was developed with 
a real company. For example, it is known that proposed materials may 
consider high insolation as a characteristic to ensure a safer product. Of 
course this needs to be tested but this is the beginning to guide the product 
into the reality.  There are other standard regulations that designers cannot 
control, those are related with voltages and electromagnetics aspects but it 
was interesting to know what rules are used in this company nowadays for the 
development and the production of the products. 

2.3 Manufacturing process in general terms 

Most of the components are produced mechanically and progressively. First 
of all, the raw stainless steel comes from India in big rolls, these rolls are 
divided in shorter sheets to build the exterior cabin of the refrigerators. When 
the material has the correct dimensions it is placed on the workstation for the 
punching process until the piece takes the shape. Additional parts are 
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manually assembled. Between the external and internal part of the 
refrigerator, there must be a special material for insulation. This liquid material 
is injected and then solidified to protect interiors against temperature 
changes. 

For other components like drawers and shelves the material used is plastic. 
The type of plastic can change depending on the component and the 
specific characteristics. Thermoforming is the common process used when 
using plastic, for example the inner liner is made using this technique. The 
process consists of heating a sheet of material until it gets deformable in order 
to adapt it to the shape of a mould using pressure, vacuum or a counter 
mould. Then, the refrigerator with the drawers and shelves are assembled. 

2.4 Data about Chinese population 

In order to know in general terms the way of living of Chinese people some 
information was found. It is well known that Chinese culture is based on their 
own way of living; they have always had their own rules and freedom to 
choose what is better for them, especially concerning the food (Chen, 2008). 
Chinese cuisine is recognized for its variety and freshness. It is very common to 
find fresh food for example seafood, vegetables and fruits on every meal. This 
is because its closeness to the sea and also because of the good eating 
habits they have had throughout history. 

Chinese people are careful with the kind of food they eat and spend time 
preparing it. They believe in something powerful behind every meal, related 
with the emotions and spiritualism. Its philosophy on every meal is the pleasure 
and enjoying the life. In ancient times, it used to be a ceremony (Chen, 2008).   

Another important aspect in Chinese food is the variety as the essence of life; 
that is why they tend to have many dishes on the table. They want to offer 
the guests the possibility to choose between different dishes and it is common 
to have small portions of different foods to avoid the idea of excess and 
strengthen the idea of eat slowly and enjoying every dish properly (Chen, 
2008). It is important to know that the number of dishes on the meal is related 
to the number of people eating on the table. According to Cheng (2008, 
p.125) “The greater numbers of dishes the greater the choice for the guests”. 
In this way, the guests have the chance to contrast the taste of the food from 
sour to sweet. 

In order to know more about the user, data of the Chinese population was 
analysed. The most important and meaningful measurement in this case is the 
stature of the Chinese people. This is because in a refrigerator it is important to 
reach everything inside in an easy way and the most critical measure is the 
height. So, using Tecnomatix Jack (2014) some meaningful percentiles were 
taken to have a general idea about the possible stature of the user. This 
program is used in ergonomics assessment to create manikins or collect data 
from different populations. Boundary percentiles were taken since these two 
percentiles show the extreme cases in the population. The most critical 
situation is the short people because they can have problems reaching the 
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highest part of the freezer or the refrigerator. In Table 1 data about the 
Chinese population is presented. 

Table 1: Stature percentiles of Chinese people. 

 Female Male 
Percentile Height (cm) Height (cm) 

95 165.9 177.5 
50 157 167.8 
5 148.4 158.3 

 

In table 1 can be seen that the most critical users are the females so these 
measures were taken into consideration in the design process, making the 
highest part more accessible.  

2.5 Ergonomics 

It is important to consider visual needs in the design process, since they 
determine the postures of head and neck. For visual sight it was known that 
the preferred view conditions are in an angle of 30 degrees respecting to the 
horizontal line, in this position the inclination of the neck and head will be 
comfortable, avoiding fatigue. If there is a distance of 500 mm between 
display zone and the view, the position becomes optimal for users (see Figure 
4). If needed there is a range of 15 degrees more in which the posture is 
acceptable to evade damages (Pheasant, 1996). 

 
Figure 4: Visibility diagram. 

2.6 Scandinavian design 

Scandinavian Design is determined by the design developed in 5 countries 
located in the North of Europe: Norway, Finland, Denmark, Iceland and 
Sweden, since these countries have many similarities related with cultural, 
history and social life. So, there is a tendency of Scandinavian designers that 
correspond to “pursuit the affordable, beautiful, useful household objects 
developed with a humanist interpretation of the formal, technical and 
aesthetic principles associated with modernism” (Fiell, 2002, p.12). 
Scandinavian people take care of natural resources and they maintain the 
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balance of nature, creating sustainable products without forgetting the high 
quality and the sense of joy and wellness. In Scandinavia the design is seen as 
a quality of life and another characteristic of this design is the value of the 
human use during the whole design process; this means, considering first of all 
the human and then the machine.  

Particularly, Electrolux named some values that were added to their products 
that are linked with the Scandinavian design: 

• Intuitive: easy to use and understand. 
• Simplicity: clear and visually clean.  
• Purity: Using materials in an environmentally friendly and innovative 

way. 
• Reassuring: sense of comfort and security. 
• Humanizing: use of technology that adds value to the human life 
• Freedom: a product that is flexible to use. (Electrolux Group, 2015)  

All these values correspond with the Electrolux Heritage that the company 
has been taking in consideration for the design of each product. 

2.7 Aesthetics  

”Aesthetics is not just a question of surface and appearance but also of 
epistemology and of organizing our relationship with the world through 
design” (Folkmann, 2013, p. 6). Aesthetics is fundamental for any product 
design, since it’s the factor that creates an impact and perception to the 
users and the market. It is the way to communicate what the object is used 
for. Aesthetics is a symbolic coding that connect and construct meanings to 
the receptors in design, it is related not only with the external style but with 
deeper understanding of the object that concern with the context and the 
way humans interact with them. Aesthetics will affect the experience with the 
product because it is related with emotions, other important value of this 
experience.  

The concept of aesthetics was described for the first time by the German 
philosopher Alexander Baumgarten. He describes it as “a philosophical 
discipline that investigates the lower sensual aspects of human experience as 
opposed to the higher realm of logic” (Folkmann, 2013, p.35) but nowadays 
and focused on the design aesthetics the concept could be described as the 
dialogue between problem and solution with diverse influences that come 
from the designer, users, clients, context, etc. The result of these factors 
involves different situations that will end up with different products. Aesthetics 
is an arbitrary point of view that depends on each person and its specific 
taste, background, cultural and social environment. It is associated with 
perceptions and that is why this field is quite wide. All objects could be 
perceived from an aesthetical point of view. It is hard to say what 
characteristics are necessary for an object to be perceived aesthetically 
pleasant, but what it is known is that the aim is to communicate an idea to 
other people using aesthetic codes. Specific parts of the object should be 
associated with specific meanings. Then a reaction with different feelings and 
emotions is expected from the audience and that is what it is called 
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“aesthetical perception”. This perception is also connected with the “good 
taste” that implies a training perception from the people (Folkmann, 2013).  

Finally, aesthetics is an issue that involves not only the superficial aspects 
related with forms or colours but also deep emotions that change the way 
people perceive and use an object. Each object generates a perception 
that is strongly influenced by the specific background of every individual 
(Folkmann, 2013). This topic is quite wide and that is why along the history 
many styles have been created to associate different objects. So the fact 
that Electrolux uses a specific style of design as mentioned before, includes 
values that affect the emotions of people.   
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3 PRELIMINARY STUDY 
3.1 Competitor analysis 

There are several ranges of products within the refrigerator market so it is very 
important to know to what market this new proposal should be directed. 
Electrolux manufactures appliances ranging from so-called “Core” 
appliances, which are low-end products, to the ultra-luxurious “Grand 
Cuisine”. The latter segment comprises basically professional appliances, 
whose design has been adapted to the household sector so for obvious 
reasons, they are not sold in high quantities. The demand of the products that 
are produced in Mariestad lies in the “Premium” segment products. This 
happens because there is a big gap between Premium and Grand Cuisine 
ranges. So, to compensate this, the new proposal for Electrolux will be placed 
on a new level called “Super Premium” that will be created between Grand 
Cuisine and Premium ranges. 

3.1.1 Grand Cuisine 

“Great food is art that’s devised, crafted, presented and then consumed.” 
(Grand Cuisine, 2014) 

This system stands for a complete concept that involves design, gastronomy, 
creativity and professionalism on the highest levels. The Grand Cuisine line 
offers the most ultimate kitchen appliances as well as exclusiveness in 
services. With a professional team behind it, Grand Cuisine offers the 
possibility to cook as a chef using the same tools and techniques to create 
wonderful results in homes, see Figure 5 (Grand Cuisine, 2014).  

 

Figure 5: Grand Cuisine kitchen. 

3.1.2 Premium range (OuYi)  

Translated into English as “European Design Product”, OuYi is a new range of 
products designed in 2013 by Electrolux for the Chinese market. Focused on 
real consumer insights and with developed technologies, this line has 
received increased popularity in China, see Figure 6 (Electrolux Group, 
2013C). 
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Figure 6: OuYi range products (Electrolux Group, 2013C). 

3.1.3 Core  
 
“Core” is the low-end product line of the company. This line manage the 
brand AEG and the refrigerators operate with the technology used by 
Electrolux, as for example Dynamic Air that maintain the same temperature 
inside of the fridge, but the service is not as exclusive as the other lines (see 
Figure 7). 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 

Figure 7: Core range products (AEG, 2015) 
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3.1.4 New gap: Super Premium  

This professional and exclusive line is designed for creative people that are 
passionate about taste and food; they will be able to experience more 
through all cooking and innovating possibilities. An exclusive and personalized 
design that considers the application of stainless steel interiors to provide an 
aligned visual identity and super premium professional appearance, linked to 
Electrolux´s Heritage. High quality in the products and special attention to 
details will provide consumers with a new experience of cooking. This range 
of appliances should look as professional as the equipment used nowadays in 
the big restaurants but still be possible as part of your home. 

3.1.5 Positioning 

Taking into account all the data previously explained, a positioning was 
reached. Czerniawski and Maloney define the positioning as “the way we 
want customers to perceive, think and feel about our brand versus 
competitive entries” (Czerniawski and Maloney, 1999, p. 18). Positioning 
involves different elements as for example: target, customer needs, 
competitive framework, benefits of the brand, brand character, among 
others. 

In overall terms, the refrigerator and the freezer were designed for a Chinese 
“high class” market that was increasing very fast. Electrolux identified this new 
gap called Super Premium (see Figure 8). The Super Premium market is related 
with high quality, exclusive and elegant design, Electrolux Heritage and new 
technology. The customers of this market are interested in European 
manufactured products. This will help the company improving their sales in 
Asia. In the Figure 8 are also located the different product ranges of Electrolux 
to get a better idea of the positioning of the Super Premium range in the 
company. 

Figure 8: Position map. 
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The main difference with Premium range is the use of stainless steel in the 
inner liner as a material that offers an elegant aesthetic. On the other hand, 
Super Premium does not offer services as personal chefs or exclusive 
assistance when a product is acquired as Grand Cuisine does. Super Premium 
gives to the user the possibility to participate in the design and personalize 
their products with high quality and attention in every detail.  

After defining the position of the new product in the company, the major 
competitors of Electrolux in this range of household appliances were 
identified in order to have a clear picture of the positioning of Electrolux 
compared with other brands. Using the range of price and quality a 
positioning map with different brands was done. This “should serve to provide 
a blueprint for the development of the brand” (Czerniawski and Maloney, 
1999, p. 19). The relative position of each brand was settled in Figure 9 to 
differentiate them. In section 3.1.6 specific products of each brand were 
analysed separately to have a better insight of other companies.  
   

 

Figure 9: Brand positioning map  

 

As a conclusion of this, Electrolux had a big leap between two ranges that 
needs to be filled, so getting into a new range will improve the position of the 
company in the market as well as their sales. 
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3.1.6 Competitor analysis 

In order to know the characteristics of other high-ended products in the 
actual market, it was decided to analyse some concepts in the interior of 
refrigerators as a source of inspiration. The following ones are the most 
interesting elements and features like drawers, mechanisms, technology and 
design found in the market around the world. (see Figure 10): 

• SAMSUNG:  A Slide-in shelf and flip-up shelves are the latest Samsung 
innovations. With different and personalized options, the users are able 
to decide the height and the width of the shelves, optimizing the 
space and making it easy to understand and operate the shelves 
(SPSN Samsung, 2013). 

• BOSCH: The hydro-fresh drawer keeps fruits and vegetables fresh twice 
as long as it is the coolest area of the fridge. The drawer uses smart air 
system distribution (Bosch Home, 2015). 

• FISHER AND PAYKEL: A smart system that includes options to configure 
the temperature in every drawer. It also provides ergonomic storage 
bins (Fisher & Paykel, 2014).  

• PANASONIC: The drawer of the refrigerator called “Vitamin Safe” 
keeps vegetables and fruit fresh twice as long. For fish and meat, there 
is “Chiller Case” that maintains the temperature at 0°, creating the 
appropriate atmosphere for the products (Panasonic, 2014). 

• WHIRLPOOL: MicroEtch shelves help keep them clean by preventing 
spills from leaking, so there is no need to worry if a juice box spills inside. 
These new shelves combat spills with microscopic etching around the 
perimeter to help prevent liquids from overflowing and leaking 
(Whirlpool, 2015).  

• MITSUBISHI: The shelves rotate and also they can slide up and down 
just by pressing a button. There are shelves that reduce to half their size 
to allow other bigger items stored (Mitsubishi Electric, 2014).  

• LG: Innovative and unique folding shelves that save space during the 
storage, having the flexibility to fold and unfold when needed (LG, 
2015). 
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Figure 10: Market Analysis. Adapted from samsung.com; dominteligentny.pl; nze.co.nz; 
ehsappliances.co.uk; appliancist.com; mitsubishi-electric.co.nz; lg.com; 
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3.2 Target group 

3.2.1 Definition of the user (Personas) 

In order to consolidate archetypal descriptions of user behaviour into 
representative profiles, to humanize design focus, test scenarios, and help in 
the design communication, Personas method was used (Martin & Hanington, 
2012). Using this method the life of three possible users was described. This was 
very helpful in the process to better understand the user and his/her lifestyle. 

PERSONA 1 

Edward Li 

Edward is 40 years old and he works as a director in a big bank located in 
Beijing, China. He leads more than 100 hundred people every day at the 
company (see Figure 11). 

 

Figure 11: Persona 1 (Edward Li). 

His main goal is to keep the position at the company and continue offering 
his family a high quality of life.   

Edward studied business administration and after his graduation he got 
married with Jo Chang. He started working in a bank and after 5 years of 
hard work he became one of the heads at the company.  

He is a proud father of two little boys and he loves spending time with his 
family, as an enthusiastic person he is moving all the time looking for new 
ways of learning. He likes to take new courses about topics that are not 
directly related with his field of study. For example last month he learned how 
to prepare drinks for special events.  
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Food is one of his strongest passions, he takes care about what type of food 
he and his family eat and Edward spends time in the kitchen preparing the 
meals. When there is a celebration for a familiar meeting he takes the chef´s 
role and prepares the dishes. 

He travels constantly in order to attend meetings and conferences from the 
work. He is open-minded and had learned about other cultures. 

PERSONA 2 

Anna Chong 

Anna is a design engineer (35), she founded her own design company 3 
years ago after she finished the collage (see Figure 12). Nowadays she 
collaborates with important companies as Coca-Cola, Lenovo and 
Converse.  

 

Figure 12: Persona 2 (Anna Chong). 

She is single but she has many friends, therefor many people come to her 
place for visiting her. She has a healthy life style and consumes fresh and local 
food. She also keeps fit going to the gym every day. Anna is quite exigent 
and perfectionist, she cares about details. Anna keeps up with fashion and 
she often goes shopping. 

Another of her passions is to travel, she had the opportunity to study abroad 
in Europe where she acquired a lot of inspiration and a special liking for 
European brands. Anna dreams about stop working one day and travel 
around the world. 
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PERSONA 3 

Lian Po  

Lian is 35 years old and he got graduated from the University of Science and 
Technology of Beijing, China. After that, he started a master in Computer 
Sciences. He was hired by the University as a full-time professor. Lian really 
enjoys sharing his knowledge with the young students. When he is not at the 
University he spends time at home with his girlfriend.  

He is living with Donna since 3 years ago, they recently bought a house and 
are planning to have children. He is quite organized and most of the time tries 
to maintain the house in order. The professor has a quite active social life and 
meets constantly with his relatives and friends. He is fit and healthy in general 
terms (see Figure 13). 

He enjoys discovering new cities as well as exploring nature. On weekends he 
likes walking on the countryside of the city with his girlfriend. On vacation time 
he tries to travel as far as he cans, one of the strongest motivation to go 
abroad is the food, he is a food lover and he wants to explore the diversity of 
gastronomy around the globe and then come back home and cook special 
meals with international inspiration. Kitchen is a special place for him.  

Another of his passions are books, where he has learned a lot about different 
topics, he has a collection at home, most of the topics are related with 
technology, travels, computers and kitchen recipes. He is interested about 
technology hence he maintains updated about the newest innovations in the 
market.  

 

 

 

 

 

 

 

 

 

Figure 13: Persona 3 (Ling Po). 
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As a conclusion, in general terms the user will be Chinese person who lives 
with his/her family in a quite big house. This person has a stable job and 
he/she has a medium-high salary. This type of target takes full account of the 
details and seeks quality products, which are also comfortable and stylish. 
They also like the products that are manufactured in Europe. They like 
cooking, so if they have enough time they like to spend time in the kitchen 
preparing delicious meals to enjoy with their family (see Figure 14). 

 

Figure 14: Representation of possible users. Adapted from alaskanquality.com; noobcook.com; 
bloglovin.com; marquisdelannes.com; audreymagazine.com. 
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3.2.2 Individual interviews 

Once the user was defined, some interviews were done in order to know 
more about the Chinese culture and their eating habits. For that purpose, six 
Asian students were interviewed (three from China and three from Hong 
Kong) between 22 and 27 years old. These people have the following 
characteristics (see Table 2).  

Table 2: Characteristics of the people interviewed. 

Name Age Occupation Gender Place of birth 

Person 1 24 Literature student  F  China  

Person 2 23 Business student  F Hong Kong 

Person 3 22 Computer science 
student  

M Hong Kong 

Person 4 25 Literature student F China 

Person 5 23 Literature student M China 

Person 6 27 Economics master 
student 

M Hong Kong 

The interview was composed by seven questions (Martin & Hanington, 2012, 
p.102). Each question was asked personally one by one and their answers 
were recorded. It was decided to use interviews because real thoughts and 
reactions can be heard and observed directly from the person interviewed. In 
these interviews, people were asked questions about their eating habits and 
the use of the refrigerator in their homes. Interviews were performed in a 
student residence where these people used to live in Skövde, Sweden, to see 
them in real context. Each interview took between 10 and 12 minutes per 
person, while one person was recording and taking notes, the other one was 
asking and taking some notes too. So from this, different experiences, 
opinions, attitudes and perceptions were collected. 

The following questions helped to identify the needs concerning the use of 
refrigerators providing a real approach to the culture. 

1. What is your age? 
2. Which are the most common foods stored in your refrigerator?  
3. Describe a meal with your family. Try to be as much detailed as 

possible. (What kind of dishes are on the table? How many dishes are 
prepared? etc.) 

4. Do you consider that something is missing in the interior of refrigerators? 
(Drawers, shelves, smart items, different supports, etc.)  

5. Imagine that you are about to buy a new refrigerator and money is 
not a problem for you. What kind of features, functions or items would 
you like to add or change?  

6. Is there something that you do not like in the interior of refrigerators? 



DESIGN OF THE INTERIOR OF A REFRIGERATOR AND A FREEZER 22 

7. Comments. Feel free to write other ideas or thoughts that you consider 
importantly related to the interiors of a fridge. 

One of the questions sets them into a scenario with the assumption of “If you 
were rich...” as a way to obtain information closer to the characteristics of the 
target. Here are some of the opinions collected during the interviews: 

“If there are five people eating then, we have five meals” 

“I want a large fridge with many compartments to separate my food better” 

From these interviews important information was obtained. For example they 
have a variety of food per meal, they eat fresh and they need to classify their 
food. The following general information shows in detail the accomplish results: 

● The relation between the number of dishes on the table per meal is 
related with the number of people that will eat, if five people is invited 
then at least five different dishes will be served, having a variety of 
dishes per meal. 

● The most common answer related with the food they stored in 
refrigerators was vegetables, eggs, chicken, fish and milk. 

● Many of the people request for more interior space, more drawers or 
divisions since the actual refrigerators in China are quite small. 

 
Interviews were important during the research phase because they offered 
interesting and new information that can guide through the design process 
and the option to transform all this information in functional ideas. Some data 
helped to know more about this different culture and connect better with 
possible users. This method also gave the possibility to identify opportunities for 
the final solution. Interviews are an easy way to approach and focus the 
design into a specific target group.  Understanding the real needs of the users 
is relevant to offer solutions that really satisfy the target since they are the 
potential consumers (Martin & Hanington, 2012).  
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4 PRODUCT SPECIFICATION 

The demand specification table (see Table 3) is quite important for the design 
process since in this table appears all the necessary (N) and desirable (D) 
demands the new product should have (Cross, 2000). The necessary 
demands must be fulfilled whereas the desired demands will be fulfilled as 
much as possible. This means that the more desires are fulfilled, the better for 
the company and the users but this also depends on the importance of each 
desire. That is why the desires were ranked from 1 to 3 where 1 is low 
importance and 3 high importance. This table was made using the 
information given from Electrolux, literature research about the users and 
interviews. This table of demands will serve also as a checklist to do the 
evaluation of the different proposals in order to achieve a successful product. 

Table 3: Product specification table. 

Needs (N) 
and Desires 

(D) 
Demand Definition 

Weight 
(1-3) 

Fulfilment 

D Easy to clean 
Flat surfaces for the interiors, 

non-absorbent materials 
2 

Select non-
absorbent 

materials and 
flat surfaces. 

D Cost effective 

Material efficiency (DFE and 
DFMA), 

Local production, LCA (Life 
Cycle Assessment) 

3 

Few parts and 
consider 

transport in 
LCA 

D Aesthetics 

Intuitive: Easy to use and 
understand. 

3 
User test and 
evaluation of 

results 

Simplicity: Clear and visually 
clean. 

Purity: Using materials in an 
environmentally friendly and 

innovative way. 

Reassuring: Sense of comfort 
and security. 

Humanizing: Use of 
technology that adds value to 

the product. 
Freedom: Flexible to use. 

D 
Efficiency of 

space. 
Classification of the interior for 

different foods. 
3 

Divisions in the 
features 

N 
Produced in 

Europe 

The target is looking for 
products designed and made 

in Europe. 
 

Manufactured 
with the 

equipment of 
Electrolux in 
Mariestad 
(Sweden) 

N 
Based on a 

standard 
prototype. 

60 x 175 cm cabinets.  
Fulfil these 
dimensions 
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N 
Stainless Steel 

interiors 
The lining of the original 

refrigerator is set. 
 

Inner liner 
made of 

stainless steel 

N 
Shelves against 

cold 
Shelves should bear low 

temperatures 
 

Minimum 
service 

temperature  
-25 ºC 

N Local Production 
Manufacture with Mariestad 

equipment. 
 Yes/No 

N Usability 
The product should be easy to 

understand, open and use. 
 User test 

N Ergonomics 
The product should consider 

the human use 
 Usability tests 

N Materials 
Should be appropriate to be 
in contact with food. Avoid 

toxic materials. 
 

Properties of 
the materials 
(non-toxic) 

D 
Design for 

sustainability 
Few parts and low CO2 

emissions 
2 

Use of 
recyclable 
materials 

N Safety 
Consider the safety standards 

and regulations 
 Yes/No 

N Resistance The shelves should resist 10kg  
Deformation 

less than 7mm 
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5 CONCEPT GENERATION 

5.1 Mood board 

To start with the creative phase, first of all, a mood board was done in order 
to get inspired to generate new and innovative ideas (Osborne, 2008). In this 
mood board appears some of the characteristics that the interior of the 
cabinet should have. There are also some images in order to help in the 
creative process. The mood board has its inspiration from other ways to store 
things, for example books, shoes, magazines, etc. Interesting solutions were 
found for inspiration. It also comprises some adjectives previously determined 
from the company like sustainable, Scandinavian style and innovative. The 
rest of adjectives appeared after analysing the background, the users and 
target as for example, organization of the space (see Figure 15). 

Most of the ideas behind every image have innovation and clarity as 
purpose. Analysing the images from this mood board, other innovative ideas 
were discovered. For example, some images show how other objects store 
things and in addition, they have mechanisms that make the function of the 
object more efficient. Rotating elements, foldable objects, lateral 
movements, holding components, etc. are forms of organize and store 
solutions. The mood board also helped to avoid misunderstandings 
concerning the words selected, guiding the project in the same direction.  

All the images contain objects that can be placed in interiors and they all 
have the purpose of saving space. The examples also offer the possibility to 
adapt and change the elements according to the needs of the users. 
Regarding to the classification, the use of colours, different sizes and shapes 
stand out. 
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Figure 15: Mood board. Adapted from qedinteriors.com.au; homedit.com; fab.hardpin.com; 
thedesignerpad.com; decorarsalones.com; scandinaviandeko.com; jenk.no; mikeshouts.com; 

skandium.com; twowheelsplus.com; dezeen.com; bloglovin.com; chefscatalog.com; 

5.2 Idea generation 

In the idea generation process, two different methods were used, both of 
them were chosen because they provide a fast way of generating different 
ideas in a short period of time. This is very important since the time to perform 
the project is limited. The first one was 10 x 10 method that consists on doing 
10 sketches in 10 minutes (Curedale, 2013). Using this method ten ideas came 
up in a limited time, motivating to think faster and focus the thinking on 
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solutions. This method is divergent, which means that permits more findings, it 
is also subjective because it is based on the intuition and can be used 
individually as well as collaboratively. Other advantage of using this method is 
the low cost because all needed is paper sheets, a clock and pens. 

The second method used was greeting cards. This method consists of 
generating ideas from watching totally unrelated images randomly in a 
presentation (VanGundy, 2005). For this purpose twenty images were used 
and each member of the team generated one sketch per image. Each idea 
was inspired on the images that pass through the screen. As the first method 
used, the time was limited by the presentation.  

The method follows these steps: 

1. Select randomly images from Internet that are not directly related with 
the object of design.  

2. Make a presentation with the images collected, one per slide. 
3. Present slide by slide the images in a limited time that can be 

previously set. In this case two minutes per slide were programmed.  
4. Generate 1 idea/sketch per image each person. 
5. Communicate the results.  

Some of the images used for this method were for example flowers, 
architecture, paintings, etc. One of the important purposes was to think out of 
the box, confronting with situations and images apart from the object to 
design. Differentiating with the mood board which has specific adjectives 
that are totally related with the design problem (see Figure 16). 

 
Figure 16: Some images used in the greeting cards method. Adapted from way-away.com; 
society6.com; domusweb.it; kirhammond.wordpress.com; casaschic.com; hypefeed.com; 

blog.tallerdeltrabajo.es; lovethispic.com; girlsandguns.tumblr.com; 
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5.3 Sketches 

Using these two methods and the mood board some sketches were made. In 
order to evaluate these sketches they were divided into different groups such 
as shelves, drawers and shelf support (see Figure 17, Figure 18 and Figure 19). 
This was because the evaluation should be done among similar elements, for 
example, a drawer and a shelf cannot be compared in the same way 
because they do not have the same characteristics. 

 
Figure 17: Different ideas for drawers. 
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Figure 18: Different ideas for shelves. 

 
Figure 19: Different ideas for shelf-support.  
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6 CONCEPT SELECTION 

In order to evaluate all the ideas and make a good selection, the Concept 
Scoring method was used (Ulrich & Eppinger, 2012). An advantage of using 
this method is the possibility to combine different concepts with high scores 
and also to select the best ideas that fit with the characteristics previously 
defined. This method uses a weight for each criteria concept that may be 
selected. It is important to clarify the criteria before the process starts. These 
criteria were set taking into consideration the positioning of the product and 
the user needs from the product specification table (see section 4). However, 
all the specifications were not represented as criteria, only the most important 
specifications were selected from the point of view of the user. All the 
criterions are the same in both tables except of one, since the criteria of 
being adjustable is more important for the shelves. In contrast, the 
ergonomics is more important in the drawers, which involves opening and 
closing them easily. The percentage (100%) has been subjectively divided 
between the criteria concepts (see Table 4 and 5). Once every criterion had 
a weight, the scoring of the concepts started. It is recommended to select a 
scale from 1 to 5 to indicate a hierarchy in order to evaluate the concepts 
and make the calculation easy at the end of the process (Ulrich & Eppinger, 
2012).  

To evaluate the concepts, target group and competitor analysis were taken 
into consideration. The decisions to score each sketch were taken based on 
the experience gained in the university as designers, as well as based on the 
personal background. Each concept was evaluated taking into account the 
different criteria on the table. For example, in the Table 4 one of the criteria 
was “easy to clean”. The sketch number 9 had one of the lowest values. This 
was because the sketch showed a shelf with rough texture on the surface, 
and it was consider that this idea had not much potential to be clean easily 
because this surface may accumulate dirt easier comparing with flat 
surfaces. 

Finally, the three concepts with the highest scores in each group were 
selected for further development. This was done because as in Archer’s 
design process is explained, three different concepts would be developed 
before selecting the final idea. This would be useful in the end to make a 
better selection of features for the refrigerator and the freezer. 

Table 4: Concept scoring for shelves. 

SHELVES  

Selection criteria % Weight 
Sketches 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Easy to clean 15 2 2 4 1 4 1 4 3 2 4 3 2 4 

Adjustable 20 4 1 4 1 2 2 4 5 2 4 5 5 2 

Resistant 20 4 3 3 3 3 4 3 3 4 4 3 3 3 

Manufacturability 12 4 3 2 2 2 1 3 2 4 4 1 1 3 

Innovative 5 5 2 3 3 4 3 2 4 1 5 4 4 3 

Efficiency of space 8 4 2 3 2 1 1 4 3 1 5 5 2 2 

Easy to use 8 4 3 3 2 2 3 5 1 4 4 4 2 4 

Aesthetics 5 5 3 2 2 1 1 2 2 2 5 4 2 2 
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Security of use 7 5 4 2 4 2 2 2 2 3 4 3 2 4 

Total 100 3.87 2.39 3.11 2.04 2.47 2.13 3.42 3.05 2.74 4.18 3.5 2.78 2.97 

 

Table 5: Concept scoring for drawers. 

DRAWERS  

Selection criteria % Weight 
Sketches 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Easy to clean 15 2 4 4 4 3 3 4 3 2 2 3 4 3 

Resistant 20 2 5 3 4 4 4 3 4 3 2 3 4 3 

Manufacturability 12 2 5 2 4 3 4 4 4 2 2 2 4 3 

Innovative 5 5 3 5 3 5 4 3 3 4 5 3 1 2 

Efficiency of space 11 4 5 4 3 3 3 4 4 3 4 1 2 4 

Easy to use 10 3 4 4 5 4 3 4 4 3 4 2 3 2 

Aesthetics 5 3 3 3 4 4 3 4 3 2 3 2 1 2 

Security of use 11 3 4 3 5 3 3 2 4 3 2 2 2 3 

Ergonomics 11 2 4 2 4 4 3 2 4 2 3 1 2 2 

Total 100 2.63 4.33 3.23 4.05 3.56 3.37 3.31 3.75 2.62 2.73 2.18 2.94 2.8 

 
This method was applied only for the ideas for drawers and shelves since the 
different concepts of shelf supports depended on the shelf design. Taking into 
account these punctuations, three different concepts were created 
combining different sketches. As the elements for the fridge and freezer were 
a lot and in order to have the design under control, it was decided to focus 
first on the fridge and then the design of the freezer according to the 
elements in the refrigerator. So, the following three concepts were designed 
for the refrigerator (see Figures 20, 21 and 22). Each concept had an added 
value like easy to clean, easy access to food or efficiency of space; even if 
those are common values they were implemented in each design in an 
innovative way to clearly differ from other products and brands that are 
available on the market. These values were implemented in each design in 
an innovative way to clearly differ from other products. However, these 
values do not have the highest weight in the concept scoring tables since 
there are other factors like manufacturability and resistance that are essential 
for the correct function of the product so they have a higher weight. This 
means that first of all the concepts must work well and they must be 
manufacturable and once those aspects are assured, the added value is 
taken into consideration. After this, the three concepts were 3D-modelled in 
Creo Parametric 2.0 (2013) in order to have a realistic presentation of each 
one. 
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Figure 20: Sketch concept 1. 

 

Figure 21: Sketch concept 2. 
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Figure 22: Sketch concept 3. 

 

6.1 Three final concepts 

6.1.1 Descriptions 

Once the final ideas with the highest scores were obtained during “Concept 
Scoring Method”, three different concepts emerged. Each concept was 
based on the information obtained from the users and the background as 
well as the results from the creative phase. The proposals were designed 
trying to combine the elements to offer more storing options to the user. The 
inner liner, as previously established in the requirements, is made of stainless 
steel in all proposals since this material gives a luxury sense to the interior of 
the refrigerator and the freezer. 

Concept 1: “Easy classify” 

The first proposal was focused on saving space in the interior of the 
refrigerator as an added value for this design. As it was an added value for 
the product, it was not a highly weighted characteristic because before 
offering an added value the product must meet basic requirements such as 
resistance and manufacturability. So, taking that into account and once the 
real needs of the users were identified, it was noted that Chinese people tend 
to prepare many dishes for every meal. This means more food to store and to 
classify in different departments. Then, the concept was directly related with 
the variety and kind of food they store, as a result, efficiency of space should 
be part of the solution as well as organizing food in a better manner (see 
Figure 23).   

There were many elements that comprise in the first refrigerator. In the lower 
part, there were two drawers that work with rail mechanisms making their 
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opening and closing easier. This also facilitates the usability of the product. 
These drawers included special divisions, which would help the user to 
organise the food. The shape was designed in order to be easier to 
understand and use. So a 30-grade inclination of the handle let the user 
manipulate the drawers and obtain a clear vision of the food stored in it. The 
user could also add names or colours on every drawer to know what food 
was stored in each drawer. 

Other interesting elements were the innovative bags to store food in, this 
element was quite important for this specific market because it allowed them 
to store delicate food like grapes or other fruit that could easily be damaged 
in a safe way. They also gave the chance to store different kinds of food if 
necessary. These bags were located in vertical form and they had variable 
heights to save the space and to adjust them in a comfortable height for the 
user. The user could also take the bags out of the refrigerator and then place 
them inside again. The bags were flexible and when they were full, the 
maximum space was 20 cm but, when empty, they occupied very little 
space. These bags were the innovative feature of this design and 
differentiated this refrigerator from the rest of the refrigerators in the market 
(see Figure 23).  

The shelves used half of the total width and may be adjusted vertically 
depending on the needs of the user. The flat surfaces make them easy to 
clean. The lines of this design were quite simple and looked organised, which 
matched with the Scandinavian design and ultimately to the Electrolux 
heritage (see section 2.6). 

The freezer had four drawers and two shelves in the upper part. The shape of 
the drawers kept the same line of design of the refrigerator and some of them 
included divisions just in case the user needed them. The spaces at the top 
were opened like a shelf to facilitate the interaction with users since Chinese 
people are shorter compared with Swedish population. This space could be 
used, for example, to store ice cubes. 
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Figure 23: 3D model of the 1st proposal. 

Concept 2: “Super clean” 

The added value for the second proposal was to make the refrigerator easy 
to clean. Fresh food usually generates more waste than frozen food, thus, 
refrigerator gets dirty easily, so, in order to make it easier to clean some 
elements were proposed (see Figure 24). 

Therefore, the drawers were baskets that include a tray under them. This was 
because small parts of fruit or vegetables stored in drawers make them dirty. 
So if these foods were stored in baskets, the dirt would fall to the bottom tray 
and the user would only need to remove the tray and clean it.  A rail in both 
sides of the refrigerator guided this tray. 

The shelves were functional and facilitate the cleaning of spills in the interior 
because they had flat surfaces. A special feature was the folding shelves, 
which were divided into three sections. These shelves could be folded up and 
down giving the possibility to adapt the space and offering different heights. 
They had a mechanism with an axis adjusted between the interior walls that 
let shelves rotate. There was also a part attached to the back wall of the 
refrigerator that blocked the shelf to keep it horizontal and avoid an angle 
less than 0º (in reference with an horizontal line) in the shelves. This way, the 
user could create a variety of combinations to optimize the space. In the 
upper part, there was a flat and small shelf to make good use of the space. 
The foldable shelves offered the freedom to change the appearance of 
interior space according to the needs of the user. 
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The freezer had the same design language as the refrigerator: There were 
three drawers with simple lines and an additional handle designed following 
the same design language of the baskets from the fridge. It also included a 
foldable shelf with two divisions, which were wider than the ones in the 
refrigerator since the shelf is divided in two parts instead of three. This was 
proposed to use the space of the freezer in a better way. Finally, in the upper 
part, there was a steady shelf. 

 

Figure 24: 3D model of the 2nd proposal. 

Concept 3: “Move it” 

The added value of the third proposal was to offer easy access to the food in 
an innovative way. Regarding the shelves, rotating surfaces were designed. 
The inspiration was tables that Chinese restaurants use since they have a 
similar mechanism to access all the food that is on the table when they are 
eating. This enabled the user to access the food that was placed in the back 
of the refrigerator (see Figure 25). 

In the lower part, there were four drawers to save space and have a better 
classification of the food. As mentioned before, Chinese people prepare 
many dishes per meal; consequently, they need more options to classify all 
the food. The design of drawers was similar to the first proposal, maintaining 
simple lines and soft curves as well as the mechanism used to open and close 
them, but in this case there are separate drawers. As described in the 1st 
proposal, the handles of the drawers were placed in an angle of 30 degrees 
to make them easy to use. The function of this inclination was to place names 
or colours in the handles to facilitate the classification of the food. 
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The freezer had the same design language as the refrigerator. It had four 
drawers with different capacities, which included a divisor to better classify 
the food and two shelves in the upper part. These two shelves were open to 
facilitate the storing of food especially for those who are short. 

 

Figure 25: Poster of the 3rd proposal. 

6.1.2 Evaluation and feedback 

From Electrolux 

After showing the 3D models of the three proposals, the selection process for 
the final product was started. This process started with a meeting with three 
people of different working areas at Electrolux, such as product design and 
marketing. There, the proposals were explained in order to receive feedback 
and comments from the company. In the end of the meeting, all of them 
agreed that the final product might combine the most innovative and useful 
features of the three proposals creating different options for the user and 
giving them the possibility to personalise the interior of the refrigerator.  

From the users 

Another method to evaluate the 3 final concepts focused on real user needs 
and feelings was the Desirability Testing. This method was used since it is a 
good way to know which are the feelings and emotions of each user (Martin 
and Hanington, 2012). This is important because the users think more about 
the advantages and disadvantages of each design. To carry out this activity, 
cards with different adjectives were prepared. There were 30 cards in total 
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divided in 3 groups: 10 cards with positive adjectives, 10 with neutral 
adjectives and 10 with negative adjectives (see Figure 26). The positive words 
were written thinking about good feelings that the design should transmit. For 
the negative ones, opposite adjectives were found, contrary to what the 
refrigerator should transmit. And the neutral words were words that did not 
affect to the design, neither positively nor negatively, such as, familiar and 
ordinary. This is the list of adjectives used in the test:  

Positive: Innovative, clean, high quality, attractive, personal, friendly, easy to 
use, fun, secure, intuitive.  

Neutral: Stable, fresh, unpredictable, overwhelming, integrated, usable, 
ordinary, familiar, irrelevant, simple.  

Negative: Confusing, difficult, boring, impersonal, poor quality, annoying, 
fragile, too technical, dated, hard to use. 

 

Figure 26: Adjectives from Desirability Test. 

Using this method was easier to understand the feelings of the people about 
the design since the adjectives were already set. However, if the participants 
speak freely it is more difficult to get the right words and it could be 
confusing. This method improves the communication between the designer 
and the user or the customer. 

So, for this method each card was shown to the participants in order to 
explain the meaning of some words if needed and let them familiarise with all 
concepts. Having the cards in front of the participants facilitates explaining 
what they feel and helps them to be clearer and more objective with their 
thoughts. This way, the interaction between the designer and the user is more 
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direct and there are fewer possibilities of misunderstandings. The proposals 
were explained one by one, then, the participant selected 5 adjectives that 
describe how he/she felt about every proposal and also explained why 
he/she had chosen those words. All the participants taking part in this method 
were Chinese people. This method provided real thoughts and emotions 
regarding the proposals as well as facilitated the selection of the final design. 
The following results were obtained during the test:  

USER 1. 

Easy classify: intuitive, usable, attractive, clean, innovative.  

Super clean: clean, friendly, fragile, simple, fun. 

Move it: innovative, attractive, secure, usable, fashion.  

USER 2.  

Easy classify: usable, easy to use, fun, familiar, innovative. 

Super clean: clean, easy to use, familiar, stable, innovative. 

Move it: friendly, too technical, attractive, fun, easy to use. 

USER 3.  

Easy classify: familiar, simple, friendly, clean, usable. 

Super clean: innovative, high quality, attractive, stable, fun. 

Move it: innovative, attractive, usable, easy to use, dated. 

USER 4. 

Easy classify: clean, innovative, simple, friendly, usable. 

Super clean: friendly, ordinary, innovative, familiar, personal. 

Move it: innovative, familiar, fun, ordinary, friendly. 

These results indicated what group of adjectives was the predominant on 
each proposal.  

Saveasy: Positive: 7/ Neutral: 3 /Negative: 0 

Super clean: Positive: 7 /Neutral:  3 /Negative: 0 

Move it: Positive: 7 Neutral: 2/ Negative: 1 
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Perceptions of users are important to know if the design is delivering the 
correct message to the users and with this method different reactions and 
emotions of users can be obtained regarding the design (Martin and 
Hanington, 2012). 

It was notorious that users chose the same words for the same proposal in 
many occasions, these words had the highest scores and they are: Innovative 
at the head of the list was selected 9 times, meanwhile usable (6), usage 
friendly (6), clean (5) and familiar (5) follows on the list.  

The results helped deciding which parts of the design will need to be 
improved, as well as which parts will be maintained for the final design such 
as the bags, the foldable shelves, the drawers with interior divisions. 

6.2 Final selection 

Considering the feedback given from the specialists in Electrolux and the 
feedback from the users it was concluded that the final product should have 
the features that better suits the customer. That means that the customer will 
have the possibility to decide which features will be in the interior of his/her 
refrigerator and freezer. For this purpose, the most innovative and functional 
features for the users were selected. This selection was made taking into 
account that in the Desirability test every participant explained the reason of 
choosing each adjective, so, from that, the following features were selected 
as the ones they liked the most (see Figure 27): 

For the drawers, the baskets with a shelf under them and the drawer with 
divisions have been selected because both offer an easy cleaning and 
classification.  

Regarding the shelves the options selected have been the foldable shelves 
and the rotating shelves. Foldable shelves give the possibility to get different 
heights and configurations inside the refrigerator. On the other hand, the 
rotating ones give full accessibility to the food stored inside. Even if corners 
are not used, it is not a problem since the diameter of the circle occupies 
most of the possible space in the shelf. 

As another way to store food, the flexible bags have been considered. Some 
modifications are needed for a better function and efficiency of space; 
nevertheless, it offers innovation to the refrigerator. 

The traditional flat shelf also fits perfectly with all the options as well as the 
possible combinations wished for the users. So this type of shelf can be used in 
any combination to optimise the space in the refrigerator. 

The configuration of the freezer will depend on the elements previously 
chosen by the user for the refrigerator in order to match the design between 
them and get an overall product. In the end, each refrigerator will have 
specific characteristics and features depending on the wishes of the 
customer. 
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Figure 27: Final selection.  
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7 RESULTS 
7.1 Description of the final product 

The final proposal is an example of multiple possibilities that users could have 
with the design of these refrigerator and freezer. It is a proof of how interesting 
elements could be placed together to create an innovative and well design 
product (see Figure 28 and 29). 

First of all, different drawers were selected for the interior of the fridge and 
freezer: the first option of the drawer had special divisions to classify easily the 
food. The other drawer was a basket that included a tray under it for an easy 
cleaning. Both used a sliding mechanism facilitating the opening and closing. 
The drawer with divisions was made of translucent material allowing users to 
look through it and identifying the stored food. It also gave a cleaner 
appearance to the fridge.  

The foldable shelves were the best option for this proposal, offering not only a 
touch of innovation, also a possibility to explore shapes and different 
functions. There are elastic bags next to the shelves for an easy access to 
fresh food. The metallic tube, where the elastic bags were located, lets users 
modify heights according to their needs. The tube was attached at the top 
and in the floor with plastic suckers to reposition it if necessary.  Traditional 
shelves were part of this proposal since is always useful to have flat and big 
surfaces. 
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Figure 28: Example of final product. 
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Figure 29: Refrigerator and freezer proportions. Adapted from thenounproject.com. 

The combination of shapes, forms and materials give the refrigerator the look 
of fresh, clean, innovative and elegant; important characteristics for the 
selected target (see Figure 30).   

The user has total freedom to personalise the refrigerator and once he/she 
has decided which elements will be set in the refrigerator, the freezer will be 
design depending on the previous selection to ensure the continuity of the 
design. In this proposal (Figure 28), the drawers and the shelves for the freezer 
were the same as in the refrigerator.  

In addition, this refrigerator fulfilled the requirements users were looking for 
and gave them exclusivity, design and innovation, as well as, quality of 
design and Swedish manufacturing. These characteristics are very important 
for the user. 
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Figure 30: Final product placed in a kitchen. 

7.2 Detail design on shelf and drawer support 

The elements of this proposal were separated and modelled in Creo 
parametric 2.0, a 3D CAD programme, to have a better visualization and 
understanding of each part; since the project is quite wide it was decided to 
design three mechanisms of the project that looked interesting to develop.  
For that purpose, two drawers and the foldable shelf were chosen. The 
differences between those elements showed different ways to position the 
parts inside of the refrigerator and freezer considering that the inner liner was 
stainless steel.  Mechanisms represented another point of innovation for this 
project as well as a way to understand in detail the function of each one (see 
Figure 31). 
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Figure 31: Explosion of the final product. 

• Sliding rails 

For the first mechanism that was positioned on the drawers it was decided to 
use sliding rails (see Figure 32 and Figure 33). Every rail is attached to the 
interior wall and to the drawer. Between the rails there are wheels to facilitate 
the sliding. This way, the user will need small amount of energy to open and 
close the drawers. 

 

Figure 32: Sliding rails 1. 
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Figure 33: Sliding rails 2. 

• Rotating axis 

For the second mechanism, which involves the rotating shelves there is an axis 
fixed to both sides of the interior walls (see Figure 34 and Figure 35). It is joined 
to another element that rests in the back of the fridge and the freezer. This 
element has to support not only the movement of the shelf and give support 
to the mechanism but also resist the weight that might be place on it, being a 
determinant element of the mechanism. It also stops the shelves from tipping 
down as well as provides security to the user. By ensuring the position of the 
shelves, up or down, the users will avoid accidents related with the free 
movement of the shelves. 

Every shelf has a hole across it to fold up and down. The axis is located inside 
of another element that is attached to the back part of the fridge and the 
freezer. 

 

Figure 34: Rotating axis 1. 
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Figure 35: Rotating axis 2. Adapted from: thenounproject.com. 

• Sliding 

For the third mechanism it was decided to use an extruded metallic part to 
form the rail and attach it to the interior walls (see Figure 36). This part needed 
to be stable and rigid so once the design of this element was decided, it was 
notorious that the best was to use a metallic part. In addition, using extrusion 
process was very easy to obtain a profile with the same shape of this part. 

The drawer has a welded part that slides inside and outside of the element 
that is attached to the lateral sides of the wall. Acting as a rail that guides the 
drawer along both sides. As a result, there is more stability when the user 
needs to open or close the drawer. 

 

 

 

 

 

 

 

 

 

Figure 36: Sliding. 
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7.3 Material selection 

Using CES Edupack (2014), a program that provides a big database of 
materials and process information, the materials of the different items of the 
final product were selected. For this selection some characteristics were 
taken into account such as: the appearance of the material to fit with the 
aesthetic previously defined; the Young modulus, in order to be resistant; the 
recyclability to use environmentally friendly materials; the processability, in 
order to be possible to manufacture the shape of the feature with the 
selected material; the minimum service temperature, as the pieces will be 
inside a freezer and a refrigerator and they need to support low 
temperatures; the toxicity rating, because the features will be in contact with 
food so the material must be non-toxic, etc. 

First of all, to explain the material selection process, how to work with CES 
Edupack program has to be explained. As mentioned before this program 
has a big database of materials, so it offers the option of introducing some 
limits or requirements and as a result, the program shows the possible 
materials that fit within those limits. In this program it is also possible to see the 
information about each material. The limits introduced were different for 
each component since they have different characteristics. 

7.3.1 Foldable shelf 

In order to select a suitable material for this item the following requirements 
where introduced in the program (see Table 6): 

Table 6: Requirements for the foldable shelf. 

Young’s modulus Minimum 3.5 GPa 

Minimum service temperature -25 ºC 

Optical properties: transparency Translucent, transparent, optical 
quality 

Recyclable Yes 

Toxicity rating Non-toxic 

The Young’s modulus is a characteristic of the materials that represents how 
easy that material can be deformed. When a material is stretched stress is 
directly proportional to strain provided it is not stretched, beyond a value 
called elastic limit. The slope gives the value of the Young’s modulus 
(Askeland, Fulay and Wright, 2010). The value introduced in the limits was 
obtained considering the characteristics of other materials that are used in 
other shelves that have to support similar loads. The value of the minimum 
temperature was supposed taking into account that the shelves would be 
inside the freezer. There were introduced also other limits like specific optical 
properties to be aesthetically attractive, the recyclability and the toxicity 
rating of the material.  
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After this, the material selected for the foldable shelf was polyvinylchloride 
(PVC) that its Young modulus is between 2.14 and 4.14 GPa and it resists low 
temperatures until -30 ºC, this means that there is no problem to use this 
material inside the freezer. Another important characteristic is that it can be 
transparent so, aesthetically this is good for the appearance of the product. 
Apart from this, according to CES Edupack the PVC is recyclable and non-
toxic. In addition, the PVC is safe and ensures food last longer (PVC, 2014A). 
Nowadays it is used in many industries as packaging and health, and also 
everyday life. PVC can be found in clothing, medical applications (PVC, 
2014B) and food packaging, which means that this material can be in 
contact with humans as well as with food. Regarding the environmental 
impact, there are some investigations that had compared this material to 
prove that it is environmentally friendly. It is known that PVC is cost-effective 
because it has a low cost (10 SEK/kg) and it is easy to recycle (CES Edupack, 
2014). The amount of recycled PVC increases every year. This material is seen 
as a good plastic to use in different applications in an innovative way for the 
future.  

7.3.2 Steady shelf 

In this case, the requirements introduced in the program to select the 
material were the following ones (see Table 7): 

Table 7: Requirements for the steady shelf. 

Young’s modulus Minimum 70 GPa 

Minimum service temperature -25 ºC 

Optical properties: transparency Translucent, transparent, optical 
quality 

Recyclable Yes 

Toxicity rating Non-toxic 

The Young’s modulus required for this shelf was higher than in the foldable 
shelf because this shelf is thinner so it needs to be more resistant to 
deformation caused by a load, otherwise, the shelf would not be functional. 
The following limits were the same that were introduced for the other shelf 
because of the reasons explained above. 

Once these requirements were introduced the program proposed two 
possible materials: Soda-lime glass and silica glass. These two materials were 
compared and according to CES Edupack the silica glass (50 SEK/kg) was 
much more expensive than the soda-lime glass (10 SEK/kg) it was decided to 
select the soda-lime glass as the material for the steady shelf. 

As the program shows, this glass is commonly used in bottles so this proves 
that it is safe from a human perspective and there is no problem of being in 
contact with food. From the environmental perspective, this material can be 
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easily recycled. Apart from that, the soda-lime glass has a low melting point 
so it is very easy to blow and mould, so, this facilitates the manufacturing 
process in Mariestad. 

7.3.3 Bags and tube 

In order to select the material for the bags the following limits were 
introduced in CES Edupack (see Table  8): 

Table 8: Requirements for the bags. 

Price Maximum 12 SEK/kg 

Young’s modulus  Minimum 0.6 GPa 

Elongation 100% strain 

Minimum service temperature -25 ºC 

Recyclable Yes 

Toxicity rating Non-toxic 

For this item a flexible material was needed which can be deformed inside 
the elastic limit. This is the reason why the Young modulus required is not very 
high and the elongation is 100%. This means that the material can double its 
original length before breaking. Apart from that, minimum service 
temperature, recyclability and toxicity rating were taken into consideration as 
in previous features. 

As a result of this, the program proposed two materials: polypropylene (PP) 
and polyethylene (PE). In this case these two materials are quite similar but as 
PE is commonly used in food containers like Tupperware it could be a good 
material for the bags. In addition, from a manufacturability perspective, the 
PE is easy to manufacture. These bags can be made knitting PE threads and 
doing nettings or buy them to another company. 

The tube where the bags are hanged in is made of aluminium since some 
similar tubes were found in the market. Even if some of the tubes found were 
made of stainless steel, it was decided to chose the aluminium, because 
according to CES Edupack, this is a resistant material and it is quite light 
(density: 2700 kg/m3). Aesthetically is also a good material because it 
continues with the same line of the interior of the refrigerator. 

7.3.4 Basket and tray 

The basket is made of stainless steel since some similar products were found in 
the market made of the same material. For example, in the kitchen it could 
be used in the baskets to store cutlery (Phyllis, 2014) and some shelves for the 
bathroom are also made of stainless steel (Bezos, 2010) According to CES 
Edupack database, this material resists corrosion in most of the environments 
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and it is also very ductile, which facilitates the manufacturing process. 
Another important point is that it has an excellent weldability. This is also 
important because in the manufacturing process of the basket, apart from 
bending the bars of stainless steel they also have to be welded to obtain a 
resistant structure in the basket.  

As the drawer explained above is made of PVC and the requirements for the 
tray are similar to the ones introduced in the drawer, the material of the tray 
was decided to be the same as the material of the drawer that is PVC. 

7.3.5 Drawer with tubular handle 

To select the material for this drawers these requirements were considered 
(see Table 9): 

Table 9: Requirements for the drawer. 

Young’s modulus Minimum 1 GPa 

Minimum service temperature -25 ºC 

Optical properties: transparency Translucent 

Processability: moldability 5 (very good moldability) 

Recyclable Yes 

Toxicity rating Non-toxic 

The inputs for the selection of the material for this item are similar to the limits 
explained before. In this case, the moldability of the material was taken into 
account since it is important to think about the manufacturing process of the 
piece. If the material has good moldability means that it has the capacity to 
be moulded easily. This property is very important for the injection moulding 
that in this case is the easiest manufacturing process to manufacture this 
drawer. In addition, this process can be done with the equipment of 
Electrolux in Mariestad. 

Consequently, there are two possible materials for the drawer: polypropylene 
(PP) and polyvinylchloride (PVC). As the young modulus of the PVC is higher 
than in the PP, PVC was finally chosen as the material for the drawer in order 
to be more resistant. As in the section 7.3.1 is explained the PVC is a non-toxic 
material that can be in contact with food. In addition, this material can be 
easily recycled which is an important characteristic from an environmental 
point of view. 

The handle of this drawer is made of stainless steel since this handle follows 
the same design language of the basket. So, as the bars of the basket are 
made of stainless steel this handle will also be made using the same bars. 
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7.4 Strength calculations 

After selecting the materials for the final product, some mechanical 
calculations were made in the most critical parts of the refrigerator or the 
parts that suffer more load; that means the shelves. The shelves are usually 
where most of the dishes and heavy objects are stored therefore the 
deformation of the two types of shelves were analysed. In both cases the 
load applied was 98 N since in the product specifications was determined 
that the shelves must support a mass of 10 kg (see Figure 37 and 38). So, the 
load is obtained by multiplying the mass by the gravity (9.8 m/s2).  

In the calculations  the following abbreviations were used: 

P: Load (N) 

E: Young’s modulus (GPa) 

L: Length of the beam (mm) 

b x h: Section of the beam (mm2) 

I: Moment of inertia 

Ymax: Maximum deformation 

• Foldable shelf 

 

Figure 37: Deformation diagram foldable shelf. 

 
Material: PVC  E = 3.1 GPa 
 
Dimensions:  L = 297.5 mm 
  b = 170 mm 
  h = 15 mm 
 
P = 10 x 9.8 = 98 N 

𝐼 =
𝑏  ℎ!

12
= 4.781 · 10!!  𝑚! 

 

𝑌!"# =
−𝑃𝐿!

3𝐸𝐼
= 0.0058  𝑚 

 

Section 
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The displacement of the point where the load is applied is 5.8 mm. As this 
calculus is made on one of the three parts that compose the whole shelf, this 
deformation was considered acceptable.  

• Steady shelf 

 

Figure 38: Deformation diagram steady shelf. 

 
Material: soda-lime glass       E = 70 GPa 
 
Dimensions: L = 525 mm 
  b = 320 mm 
  h = 3 mm 
 
P = 10 x 9.8 = 98 N 

𝐼 =
𝑏  ℎ!

12
= 1.7 · 10!!  𝑚! 

 

𝑌!"# =
−𝑃𝐿!

48𝐸𝐼
= 0.0024  𝑚 

From the strength calculations it was conclude that after applying a load of 
98 N in the most critical point of each shelf, the deformation of both the 
foldable shelf and the steady shelf was acceptable (less than 7 mm), as set in 
the product specifications (see section 4). 

7.5 Life Cycle Assessment (LCA) 

The Life Cycle Assessment is a method, which shows an overall environmental 
impact of the product during its life cycle. This process takes into account the 
material, the manufacture, the transport of the material (from the material 
production plant to Mariestad), the use and the disposal (end of life of the 
product and the recycled percentage) (Granta design, 2015). In this case the 
LCA was done using the programme CES Edupack. 

A summary chart of the LCA is shown in the Figure 39 and Figure 40. As these 
two charts show, the refrigerator consumes a lot of energy during the stage of 
use. This means that the refrigerator and the freezer use resources that cannot 
be reused like electrical energy. Both, the refrigerator and the freezer, need 
to maintain low temperatures in the interior, consequently, more energy is 
consumed. Electricity is one of the resources that emit more CO2 to the 
environment (EPA, 2015). A refrigerator needs about 120 V 60 Hz of electrical 

Section 
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power supply to work properly but there are other refrigerators that need 
more voltage depending on the functions and features (Electrolux Group, 
2005). 

As a result, it has the highest CO2 footprint in the same stage. To see more 
detailed values and percentages of the energy consumption and the CO2 
footprint in each stage see Appendix B. 

 

Figure 39: LCA energy consumption chart. 

 

 

Figure 40: LCA CO2 footprint chart.  
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8 DISCUSSION 

First of all, the experience of working with a company let us approach 
differently to the design process, thinking more in aspects such as competitors 
and manufacturing process. This is because the company had previously 
designed the interior and some measurements had to be considered for 
developing the product. Besides, the company had a well-defined target, 
which facilitated the beginning of the project and helped to reach further 
and learn more about Chinese culture and its different eating habits. As the 
target was quite specific from the beginning it was decided not to consider 
the Inclusive design in this product. Another reason for not consider Inclusive 
design was because the project was really wide and the team decided to 
establish limits along the research and concentrate it on specific objectives.  
However, some ergonomic aspects were taken into account regarding the 
measurements of Chinese people. Working with a company gave us an 
important insight about how a product is developed in a company. At the 
same time, understanding the manufacturing processes in the company 
helped us focusing the proposals to the reality. 

Secondly, the Archer´s design process divided into three phases was useful to 
clarify every step during the process and prioritise work and time, guiding the 
work in a better manner with the overall process. Even so, we realised that 
time was not enough to cover all the desired aspects and some activities had 
to be rescheduled such as the prototype and the technical 2D drawings. 
These two assignments could not be done because interviews or 3D 
modelling took more time than expected.  

It is also important to mention that most of the methods used were subjective. 
This gave us the chance to feel free as designers during the design process to 
choose the appropriate methods on each case. It was important to trust in 
our ideas and decisions to gain confidence and experience as designers and 
also to learn to take decisions and to improve the communication of the 
team. When this kind of methods are used, the results are not predictable at 
all, so the team had to be ready to adapt to new situations and face every 
unexpected problem. Most of the methods used were easy to apply and 
inexpensive which was a benefit. 

One of the most interesting methods applied was the Interviews, were we 
collected more information than expected, this was because the people 
who participated, even when they were not the real users, share the same 
culture and country, some information came up facilitating the team to 
understand and learn from a different culture.  

Regarding the creative phase, once a previous analysis of the target was 
done, and once some interesting information about the Chinese culture and 
their eating habits was found, coming up with new ideas was easier. This was 
because the context was deeply analysed and the methods such as, 10x10 
and greeting cards, helped translating the ideas into concepts. Due to this 
deep analysis, many methods were not needed to generate ideas. The 
methods were also useful to think out of the box, looking for more innovation. 
The mood board helped to understand that the inspiration could be found in 
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other objects, which had also the purpose of storing different things. During 
this phase the team learned and improved their communication skills, since 
convert ideas into concrete design proposals represented a challenge for 
both of us.  

One of the hardest parts during this project was the concept scoring, 
because the team had to trust in their knowledge, decisions and logic to 
score the sketches objectively. Perhaps using focus groups would have 
helped evaluating the concepts. 

In the evaluation part, the feedback received from the company and the 
experts in the area was quite helpful to select the components for the final 
proposal. The feedback from Electrolux opened the possibility of combining 
drawers and shelves for the final proposal. The result was an innovative and 
personalized refrigerator that could be adapted depending on each user 
needs and giving them the final decision. On the other hand, the Chinese 
people involved in the tests to evaluate the appealing of the product were 
an important part to know how possible users perceive the designs. 

The team also had freedom to use the Mariestad equipment to improve the 
product design since the company allowed analysing and measuring of the 
existing refrigerators and freezers and also taking a look around the factory to 
understand how every piece was produced. They also offered the access of 
the prototyping equipment.  

At the beginning of the project only one final design was expected but the 
product became a complete service full of possibilities. Each refrigerator and 
freezer became unique and hopefully users will be happy to select what they 
want and not a standard refrigerator. This means that users will be involved in 
the design selection. 

In the material selection phase, eco-friendly and non-toxic materials were 
considered since the sustainability was one of the important values that 
stands for the brand. PVC was one of the materials selected, even if this 
material had many controversial points of view. As many other materials, the 
manufacture of PVC requires the use of dangerous chemicals. It is also said 
that the use of additives in PVC to give different properties to this material 
makes the disposal of the products more dangerous in the end of life (PVC, 
2014C).  

However, the manufacturing methods of PVC are nowadays highly 
supervised and regulated. In the last 60 years this material has undergone 
continuous improvement and it has become in the most researched polymer. 
“A substantial volume of research and over 50 years of experience, support 
the fact that PVC can be safely used even in the most sensitive of 
applications such as medical devices” (PVC, 2014C). In addition, some more 
information was found about the advantages of using PVC such as, its good 
technical performance, its environmental benefits and its cost effectiveness. 
In UK the government funded initiatives of how PVC waste can be used for 
the construction of other products, for example in automotive industries 
(Patrick, 2004). 
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The freezer was also part of this work but it was decided to focus first on the 
design of the refrigerator and once this was completed, the elements of the 
freezer were designed. This was for two main reasons, first because the 
project was quite wide and the design process was organised in a suitable 
way to work better. Secondly, it is important to mention that refrigerator has 
usually many elements on it, and the possibility of combining them was more 
complex than the freezer that has drawers as main element.   



DESIGN OF THE INTERIOR OF A REFRIGERATOR AND A FREEZER 59 

9 CONCLUSIONS 

In order to make a good conclusion of this project it is important to go back 
to the objectives that were considered at the beginning of the project and 
check if all of them were accomplished or not (see section 1.3). First of all, the 
objectives concerning concept development and characteristics that the 
design should provide to the company were successfully accomplished. The 
three proposals were completed and shown to the company in order to 
analyse which one had the functionality required. From that, a proposal 
concerning the interior design of the refrigerator and the freezer was 
presented as a final solution. These proposals contained fresh and innovative 
ideas that gave the company new points of view. On the other hand, 2D 
drawings and prototypes cannot be completed because of lack of time, so 
real tests for resistance and mechanisms could not be accomplished in 
reality. Nevertheless, some mechanical calculations were made but further 
testing is needed.  

Regarding the specifications of the product here is a table, which compared 
the requirements and the final results (see Table 10).   

Table 10: Comparison between requirements and final results. 

What was 
the task? 

Definition Conclusions 

Easy to 
clean 

Flat surfaces for the 
interiors, non-absorbent 
materials.  

The shapes of the elements 
correspond with flat surfaces that 
avoid accumulation of dirt. The 
materials proposed for the 
surfaces were plastics or glass 
that do not absorb liquids and 
waste. 

Cost 
effective 

Material efficiency (DFE 
and DFMA), 
Local production, LCA 

A Life Cycle Assessment was 
performed to know about the 
energy used and the CO2 
emissions of the product. The 
manufacturing processes were 
considered in this analysis.  

Aesthetics  Intuitive: Easy to use and 
understand. 

Simplicity: Clear and 
visually clean. 

Purity: Using materials in 
an environmentally 
friendly and innovative 
way. 

Reassuring: Sense of 

The method Desirability test 
showed how possible users 
perceive the product. In the 
results appeared adjectives like 
simple, clean, attractive, 
innovative and secure, aspects 
that match with the aesthetics of 
the company.  
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comfort and security. 

Humanizing: Use of 
technology that adds 
value to the life. 

Freedom: Flexible to use. 

Efficiency of 
space 

Classification of the 
interior for different foods. 

The final product had drawers 
with division to classify food and 
also the possibility of adjusting 
shelves. 

Produced in 
Europe 

The target is looking for 
products designed and 
made in Europe. 

Mariestad equipment was taken 
in consideration for the 
manufacturing of each piece. All 
the design process was also 
developed in Sweden. 

Based on 
standard 
prototype 

60 x 175 cm cabinets. The final proposal and all the 
parts were based on the 
measurements of the standard 
interior.  The shelves and drawers 
fit in the interior of the standard 
prototype.  

Stainless 
steel interiors 

The lining of the original 
refrigerator is set. 

Each proposal has a stainless 
steel inner liner.  

Shelves 
against cold 

Shelves should bear low 
temperatures 

The materials selected 
accomplish this since it was one 
of the requirements introduced in 
CES Edupack program. 

Local 
production 

Manufacture with 
Mariestad equipment. 

Considered in the design but not 
tested in the reality. 

Usability The product should be 
easy to understand, open 
and use. 

Considered in the design process 
but not tested in the reality. 

Ergonomics The product should 
consider the human use 

Literature research about some 
ergonomics aspects was 
considered for the design of the 
elements. For example, stature 
and angle of vision.  

Materials Should be appropriate to 
be in contact with food. 
Avoid toxic materials. 

When the selection of materials 
was done, it was indicated to the 
program CES Edupack to select 
among non-toxic materials.  

Design for Few parts and low CO2 Analysis of CO2 emissions guided 
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sustainability emissions by CES Edupack but not tested. 

Safety Consider the safety 
standards and regulations 

Not tested since the standards 
should be considered during the 
production of the product and 
after it. 

Resistance The shelves should resist 
10 kg 

Two shelves were analysed with 
strength calculations and the 
deformation they suffered was 
acceptable.   

 

Finally most of the specifications were accomplished, even if the project was 
wide, and it was focused on the requirements set with the company. The use 
of design methods, as well as, programs like CES Edupack and Creo 
Parametric 2.0, helped approaching the real problem and ending up with 
feasible solutions. In contrast, some of the requirements were hard to test 
since other phases like prototyping and production need to be accomplished 
in order to test the features and their functionality in real conditions. 
Unfortunately, this was not possible to achieve because of lack of time.  
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10 FUTURE WORK 

As the time is limited, and the project can always be improved there are 
several aspects that can be develop more in detail in the future. One of them 
is to design a mechanism or a new way to have the possibility of adjusting the 
shelves vertically. It also would be interesting to create a standard inner liner 
to fix all the possible combinations of the different items in the interior of the 
refrigerator. Regarding the different items, the bags included in the final 
proposal could have a mechanism to take them out of the refrigerator. This 
way storing the food in the bags will be easier for the user. 

Apart from this, building mock-ups and a prototype will be helpful to validate 
the usability and improve safety aspects. Technical 2D drawings would be 
also an important aspect in order to have a detailed design of all the 
features. If possible, make interviews and evaluation with real users could give 
another approach and ideas to the final proposal. Structural analysis of each 
part of the refrigerator and freezer could be useful to ensure the proposals to 
be feasible.   

Consider Universal or Inclusive Design as a tool for include most of the 
customers could give more options for future development.  

Finally, although a general selection of manufacturing processes was done in 
order to complete the Life Cycle Assessment, a deeper analysis in this area 
would provide a complete solution.  
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APPENDICES 

APPENDIX A 

TECHNICAL SPECIFICATIONS 

Table 11: Technical specifications of the refrigerator. 

Brand Electrolux 
Model ERF3865AOA, PNC927150744 
Category Refrigerator 
Energy Class A+ 
Energy consuption in kWh per year, 
based on standard test results for 24 
hours. The actual energy 
consumption will depend on how the 
appliance is used and where it is 
located. 

144 

Storage capacity in litres, refrigerator 359 
Storage capacity in litres, star - 
Storage capacity in litres, wine 0 
Storage capacity in litres, freezers  
Storage capacity in litres, other trays 0 
Star classification of the freezer 
compartment with maximum storage 
volume 

- 

Predicted temperature for the 
second bin > 14 ºC 

 

Frostless (Y/ N), refrigerator YES 
Power cut safe in h 0 
Freezing capacity in kg/24h 0 
Climate class Extended temperate, Tropical 
Lowest ambient temperature at 
which this appliance is intended to 
be used, in ºC 

10 

Highest ambient temperature at 
which this appliance is intended to 
be used, in ºC 

43 

Acoustical noise emission dB (A) re1 
pW 

40 

Built-in appliance Y/N NO 
This appliance is intended to be used 
exclusively for the storage of wine Y/N 

NO 
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Table 12: Technical specifications of the freezer. 

Brand Electrolux 
Model EUF2945AOA, PNC922643749 
Category Freezer 
Energy efficiency class A+ 

Colour 
Black with anthracite stainless steel 
door 

Energy consuption in kWh per year, 
based on standard test results for 24 
hours. The actual energy 
consumption will depend on how the 
appliance is used and where it is 
located. 

307 

Storage volume in litres, freezer 251 
Runoff freezing Automatic 
Power cut safe in h 12 
Freezing capacity in kg/24h 20 
Climate class Extended temperate, Tropical 
Lowest ambient temperature at 
which this appliance is intended to 
be used, in ºC 

5 

Highest ambient temperature at 
which this appliance is intended to 
be used, in ºC 

43 

Acoustical noise emissions dB(A) re1 
pW 

41 

Built in appliance Y/N NO 
This appliance is intended to be used 
exclusively for the storage of wine Y/N 

NO 

Height (mm) 1800 
Width (mm) 595 
Depth (mm) 623 
SecGenSurT 5 
Temperature rise time (h) 
(2010/30/EC) 

12 

Freezing capacity (kg/24h) 
(2010/30/EC) 

20 

EU ecolabel award (2010/30/EC) None 
SecGenEEIN 41.83 
Climate Class (2010/30/EC) SN-N-ST-T 
Fuse (A) 10 
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APPENDIX B 

LIFE CYCLE ASSESSMENT 

Energy analysis 

 Energy (MJ/year) 
Equivalent annual environmental burden (averaged over 
10 year product life): 

1,71e+04 

Detailed breakdown of individual life phases 

• Material: 

Component Material 
Recycled 
content* 

(%) 

Part 
mass 
(kg) 

Qty. 
Total mass 

processed** 
(kg) 

Energy 
(MJ) % 

Foldable 
shelf  

PVC (rigid, high 
impact, molding 
and extrusion) 

Virgin 
(0%) 0,99 6 6,2 4,1e+02 31,4 

Steady shelf  Soda lime - 
0070 

Virgin 
(0%) 1,2 1 1,2 13 1,0 

Tube  
Aluminum, EN 
AC-48000, chill 

cast, T6 

Virgin 
(0%) 2,9 1 3,1 5,8e+02 44,6 

Basket  
Stainless steel, 
ferritic, ASTM 
CB-30, cast 

Virgin 
(0%) 1,5 1 1,5 1,3e+02 10,1 

Drawer  
PVC (rigid, high 
impact, molding 
and extrusion) 

Virgin 
(0%) 1,8 1 1,9 1,3e+02 9,7 

Bags  
PE (cross-

linked, wire and 
cable grade) 

Virgin 
(0%) 0,066 3 0,2 19 1,4 

Tray  
PVC (rigid, high 
impact, molding 
and extrusion) 

Virgin 
(0%) 0,35 1 0,35 24 1,8 

Total    14 15 1,3e+03 100 

*Typical: Includes “recycle fraction in current supply” 

**Where applicable, includes material mass removed by secondary 
processes 

• Manufacture: 

Component Process % 
Removed 

Amount 
processed 

Energy 
(MJ) % 



DESIGN OF THE INTERIOR OF A REFRIGERATOR AND A FREEZER 69 

Foldable shelf  Polymer extrusion - 6,2 kg 37 26,9 

Foldable shelf  Cutting and 
trimming 5 0,31 kg 0,093 0,1 

Steady shelf  Glass molding - 1,2 kg 11 7,9 

Tube  Casting - 3,1 kg 35 25,2 

Tube  
Cutting and 

trimming 5 0,15 kg 0,046 0,0 

Basket  Casting - 1,5 kg 17 12,5 

Basket  Cutting and 
trimming 

2 0,03 kg 0,0091 0,0 

Drawer  Polymer molding - 1,9 kg 28 20,2 

Drawer  
Cutting and 

trimming 3 0,057 kg 0,017 0,0 

Bags  Polymer extrusion - 0,2 kg 1,2 0,9 

Tray  Polymer molding - 0,35 kg 5,2 3,7 

Welding  Welding, electric - 1,5 m 3,6 2,6 

  - 1  0 0,0 

Total    1,4e+02 100 

• Transport: 

Breakdown by transport stage 

Stage name Transport type Distance 
(km) 

Energy 
(MJ) % 

Stainless steel  Rail freight 8e+03 35 88,6 

PVC  Rail freight 3,4e+02 1,5 3,7 

Aluminum  Rail freight 2,7e+02 1,2 3,0 

PE  14 tonne truck 1,5e+02 1,8 4,6 

Total  8,8e+03 39 100 

Breakdown by transport components 

Component Mass (kg) Energy (MJ) % 

Foldable shelf  5,9 17 42,4 

Steady shelf  1,2 3,5 8,8 

Tube  2,9 8,3 21,0 

Basket  1,5 4,2 10,7 

Drawer  1,8 5,2 13,2 

Bags  0,2 0,56 1,4 
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Tray  0,35 0,99 2,5 

Total 14 39 100 

• Use: 

Static mode 

Energy input and output 
type 

Electric to 
thermal 

Use location China 

Power rating (W) 2e+02 

Usage (hours per day) 24 

Usage (days per year) 3,7e+02 

Product life (years) 10 

Relative contribution of static and mobile modes 

Mode Energy (MJ) % 
Static 1,7e+05 100,0 

Mobile 0  

Total 1,7e+05 100 

• Disposal: 

Component End of life 
option 

% recovered Energy 
(MJ) % 

Foldable shelf  Recycle 90,0 3,8 43,3 

Steady shelf  Recycle 95,0 0,83 9,3 

Tube  Recycle 90,0 1,9 21,5 

Basket  Recycle 60,0 0,75 8,4 

Drawer  Recycle 90,0 1,2 13,5 

Bags  Recycle 85,0 0,12 1,4 

Tray  Recycle 90,0 0,23 2,6 

Total   8,9 100 

• EoL potential: 

Component End of life 
option 

% recovered Energy 
(MJ) % 

Foldable shelf  Recycle 90,0 -2,4e+02 27,9 

Steady shelf  Recycle 95,0 -2,2 0,3 
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Tube  Recycle 90,0 -4,5e+02 53,0 

Basket  Recycle 60,0 -62 7,3 

Drawer  Recycle 90,0 -74 8,7 

Bags  Recycle 85,0 -10 1,2 

Tray  Recycle 90,0 -14 1,7 

Total   -8,5e+02 100 

CO2 Footprint Analysis 

 CO2 (kg/year) 
Equivalent annual environmental burden (averaged over 
10 year product life): 

1,13e+03 

Detailed breakdown of individual life phases 

• Material: 

Component Material 
Recycled 
content* 

(%) 

Part 
mass 
(kg) 

Qty. 
Total mass 

processed** 
(kg) 

CO2 
footprint 

(kg) 
% 

Foldable 
shelf  

PVC (rigid, high 
impact, molding 
and extrusion) 

Virgin 
(0%) 0,99 6 6,2 18 26,7 

Steady shelf  Soda lime - 
0070 

Virgin 
(0%) 1,2 1 1,2 0,93 1,3 

Tube  
Aluminum, EN 
AC-48000, chill 

cast, T6 

Virgin 
(0%) 2,9 1 3,1 35 50,3 

Basket  
Stainless steel, 
ferritic, ASTM 
CB-30, cast 

Virgin 
(0%) 1,5 1 1,5 7,5 10,9 

Drawer  
PVC (rigid, high 
impact, molding 
and extrusion) 

Virgin 
(0%) 1,8 1 1,9 5,7 8,3 

Bags  
PE (cross-

linked, wire and 
cable grade) 

Virgin 
(0%) 0,066 3 0,2 0,7 1,0 

Tray  
PVC (rigid, high 
impact, molding 
and extrusion) 

Virgin 
(0%) 0,35 1 0,35 1,1 1,6 

Total    14 15 69 100 

*Typical: Includes “recycle fraction in current supply” 

**Where applicable, includes material mass removed by secondary 
processes 
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• Manufacture: 

Component Process 
% 

Removed 
Amount 

processed 

CO2 
footprint 

(kg) 
% 

Foldable shelf  Polymer extrusion - 6,2 kg 2,8 28,2 

Foldable shelf  Cutting and 
trimming 5 0,31 kg 0,0072 0,1 

Steady shelf  Glass molding - 1,2 kg 0,87 8,8 

Tube  Casting - 3,1 kg 2,1 21,1 

Tube  
Cutting and 

trimming 
5 0,15 kg 0,0035 0,0 

Basket  Casting - 1,5 kg 1,3 13,1 

Basket  Cutting and 
trimming 2 0,03 kg 0,0007 0,0 

Drawer  Polymer molding - 1,9 kg 2,1 21,2 

Drawer  
Cutting and 

trimming 
3 0,057 kg 0,0013 0,0 

Bags  Polymer extrusion - 0,2 kg 0,09 0,9 

Tray  Polymer molding - 0,35 kg 0,39 3,9 

Welding  Welding, electric - 1,5 m 0,26 2,6 

  - 1  0 0,0 

Total    9,8 100 

• Transport 

Breakdown by transport stage 

Stage name Transport type Distance 
(km) 

CO2 
footprint 

(kg) 
% 

Stainless steel  Rail freight 8e+03 2,5 88,6 

PVC  Rail freight 3,4e+02 0,1 3,7 

Aluminum  Rail freight 2,7e+02 0,084 3,0 

PE  14 tonne truck 1,5e+02 0,13 4,6 

Total  8,8e+03 2,8 100 

Breakdown by components 

Component Mass (kg) 
CO2 

footprint 
(kg) 

% 
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Foldable shelf  5,9 1,2 42,4 

Steady shelf  1,2 0,25 8,8 

Tube  2,9 0,59 21,0 

Basket  1,5 0,3 10,7 

Drawer  1,8 0,37 13,2 

Bags  0,2 0,04 1,4 

Tray  0,35 0,07 2,5 

Total 14 2,8 100 

• Use: 

Static mode 

Energy input and output 
type 

Electric to 
thermal 

Use location China 

Power rating (W) 2e+02 

Usage (hours per day) 24 

Usage (days per year) 3,7e+02 

Product life (years) 10 

Relative contribution of static and mobile modes 

Mode CO2 footprint (kg) % 
Static 1,1e+04 100,0 

Mobile 0  

Total 1,1e+04 100 

• Disposal: 

Component End of life 
option 

% recovered 
CO2 

footprint 
(kg) 

% 

Foldable shelf  Recycle 90,0 0,27 43,3 

Steady shelf  Recycle 95,0 0,058 9,3 

Tube  Recycle 90,0 0,13 21,5 

Basket  Recycle 60,0 0,052 8,4 

Drawer  Recycle 90,0 0,084 13,5 

Bags  Recycle 85,0 0,0087 1,4 

Tray  Recycle 90,0 0,016 2,6 
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Total   0,62 100 

• EoL potential: 

Component End of life 
option 

% recovered 
CO2 

footprint 
(kg) 

% 

Foldable shelf  Recycle 90,0 -11 24,2 

Steady shelf  Recycle 95,0 -0,27 0,6 

Tube  Recycle 90,0 -26 58,1 

Basket  Recycle 60,0 -3,2 7,2 

Drawer  Recycle 90,0 -3,4 7,6 

Bags  Recycle 85,0 -0,39 0,9 

Tray  Recycle 90,0 -0,64 1,4 

Total   -44 100 

 

 


