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Abstract  
This thesis is about how aluminium correlates to democratic design. It includes 
comparisons between different materials used at a company that develops products 
according to democratic design.  The analysis of how aluminium correlates is done in 
order to identify if the company has used and are using aluminium in the correct way, 
in a home environment.  This report also includes some examples of analysis of 
product types, to show which would and whish would not benefit from being made out 
of aluminium.  
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Summary  
This thesis is about how aluminium correlates to democratic design. The research 
questions that were used were:   

1. What are the characteristics that define the different focus areas of Democratic 
Design and how do aluminium correspond to these characteristics?  

2. Which of the company’s current and future product types, used in a home 
environment, should be made from aluminium?  

The methods of information gathering used were an interview with the company 
representatives, visiting the company’s information desk and a museum that displayed 
the company’s history, process and previous decision making process when selecting 
materials. Also several visits to the company’s stores to analyse product ranges. A 
study of the principles that the company used, called democratic design and their 
objectives, exceed, expect and excite was also made.   

This report also includes a correlation analysis of how aluminium, and a few other 
materials used at the company, correlates to some aspects of democratic design. The 
first correlations analysis was made by determining what aspects of the material 
aluminium correlated to which parts of democratic design. This was done by studying 
aluminium’s merits and comparing those to the different areas of democratic design, 
which consists of: Form, Function, Quality, Sustainability and Low cost. When the 
general correlations was summarised a deeper study in to how aluminium compares 
to the other materials, used at the company, was done in a material selecting program 
called CES-EduPack.   
  

The comparisons, in CES-EduPack, regarding form were aimed at determining how 
aluminium compared to the other materials in shape-ability. In order to answer that 
all the production methods and surface treatments available, for the different 
materials, according to CES-EduPack, were listed. Regarding function, the mechanical 
attributes of the materials were compared. Regarding quality, all the available 
durability data of the different materials were put in to a table in order to get an 
overview comparison. A data comparison of the materials different hardness was also 
done. In the aspect of sustainability, some of the materials were compared in an echo 
audit, in order to identify energy consumption and CO2 emissions. The water usage 
required and energy for machining the different materials were also compared. Which 
of the compared materials that could be recycled was also researched. Regarding costs, 
the materials current volume and kilo price were compared and other factors were 
discussed.   

A few examples were given on how to use this report, to identify what types of product 
should and shouldn’t be made from aluminium. Knobs/hooks/handles, mirror and 
picture frames, ornaments/candle holders, chairs and shelfs were analysed. The 
results indicated that in general, products that have a slim design and need high 
mechanical strengths should be made out of aluminium, at least if the current volume 
price remains and there is a high amount of recycled aluminium used. It also indicated 
that aluminium products that might end up in dishwashers should at least have a 
surface treatment, to prevent loss of quality, due to the high PH-value of dishwasher 
tablets.  

    

Sammanfattning  
Denna avhandling handlar om hur aluminium sammanhänger med demokratisk 
design. De forskningsfrågor som användes var:  

1. Vad är de egenskaper som definierar de olika fokusområdena för demokratisk 
design och hur motsvarar aluminium dessa egenskaper?  
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2. Vilka av företagets nuvarande och framtida produkter, som används i 
hemmet, bör tillverkas av aluminium?  

Metoderna för informationsinsamling som användes var en intervju med företrädarna 
för företagen, besök på företagets informationsdisk och ett museum som visade 
företagets historia, process och tidigare beslutsprocess vid val av material. Vidare 
genomfördes flera besök i företagets butiker för att analysera produktsortiment. En 
studie av de principer som företaget använder, så kallad demokratisk design och 
företagets mål, överskrid, förvänta och excitera, gjordes också.  

Denna rapport innehåller också en korrelationsanalys av hur aluminium, och några 
andra material som används av företaget, hör samman med vissa aspekter av 
demokratisk design. Den första korrelationsanalysen gjordes genom att bestämma 
vilka aspekter av materialet aluminium som var korrelerade med vilka delar av 
demokratisk design. Detta gjordes genom att studera aluminiums meriter och jämföra 
dem med olika områden av demokratisk design, som består av: form, funktion, 
kvalitet, hållbarhet och låg kostnad. När de allmänna korrelationerna hade 
sammanfattats gjordes en djupare studie av hur aluminium jämförs med andra 
material som användes vid företaget, i ett materialvalsprogram som heter CES-
EduPack.  

Jämförelserna, i CES-EduPack, gällande form, var inriktade på att utreda hur 
aluminium var jämfört med övriga material i formförmåga. För att utröna det gjordes 
listor på alla produktionsmetoder och ytbehandlingar som finns tillgängliga för de 
olika materialen, enligt CES-EduPack. När det gäller funktion jämfördes de mekaniska 
egenskaperna hos materialen. När det gäller kvalitet sattes alla tillgängliga 
hållbarhetsdata, för de olika materialen, in i en tabell för att få en översiktlig 
jämförelse. En datajämförelse av materialets olika hårdhet gjordes också. I frågan om 
hållbarhet jämfördes några av materialen i en eko-revision för att identifiera 
energiförbrukning och koldioxidutsläpp. Vattenförbrukningen och energin för 
bearbetning av de olika materialen jämfördes också, samt vilka material som kan 
återvinnas identifierades. När det gäller kostnader jämfördes materialets nuvarande 
volym- och kilopris och andra faktorer diskuterades.  

Några exempel gavs på hur man använder denna rapport för att identifiera vilka 
produkttyper som bör och inte bör tillverkas av aluminium. Knappar/krokar/handtag, 
spegel och bildramar, prydnader/ljushållare, stolar och hyllor analyserades. 
Resultaten indikerar att produkter som har en smal design och behöver god mekanisk 
styrka bör vara gjorda av aluminium, åtminstone om det nuvarande volympriset 
förblir och det är en stor mängd återvunnet aluminium som används. Det framkom 
också att aluminiumprodukter som eventuellt hamnar i diskmaskiner, åtminstone ska 
ha en ytbehandling, för att förhindra förlust av kvalitet på grund av det höga pH-värdet 
i diskmedelstabletter.  
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Introduction  

1 Introduction  

In this report, a comparison of different materials used in a home environment is done.  
The focus material is aluminium, as the company wants to determine if they are using 
it in a correct way for products used in a home environment. This chapter describes the 
background, the research questions and why these questions were considered 
important.  

1.1 Background  

A company has requested a guide to quickly determine when and when not to use 
aluminium in products used in home environments. There are many factors to be 
considered when choosing materials. If it is possible to find a way to easily determine 
when and when not to use, in this case aluminium, the company would be able to 
shorten its product development time.  Potentially they could also improve existing 
products, in several aspects, by changing the material used, either to or from 
aluminium.   

This company works with groups of product developers and have since a few years back 
chosen to not utilize the help of material engineers in these groups. They now require 
an easy and efficient way to determine what materials they should focus on when they 
are developing, and in this study the focus is aluminium.   

1.2 Purpose and research questions  

The company has requested a few deliverables, some of which coincide to answer the 
overall research questions. Their first request is to have the characteristics of 
Democratic design defined. Democratic design is a concept that is utilized within the 
company and has five mayor focus areas that all need to be considered for each product 
that is developed and manufactured.  The focus areas are Form, Function, Quality, 
Sustainability and Low price. The first research question is therefor:  

1. What are the characteristics that define the different focus areas of Democratic 
Design and how do aluminium correspond to these characteristics?  

The company’s second request concerns their current use of aluminium. They would 
like to have their current product range analysed with the goal of finding products that 
could benefit from a change of material, either to or from aluminium. This led to the 
second research question:  

2. Which of the company’s current and future product types, used in a home 
environment, should be made from aluminium?  

1.3 Delimitations  
  

In this thesis, the materials that are to be compared will only include some of those that 
the company are currently using. The comparisons will be limited to those that are 



Theoretical background  

10  

  

available in CES EduPack 2017s version. The company’s products will be grouped in to 
general types in order to establish product ranges rather than specific products that 
could and should and should not be made from aluminium.  

1.4 Outline  

This report begins with a description of the theoretical background, then the method 
used and its implementation, and then the findings and analysis and finally the 
conclusions. In the theoretical background, the concept of democratic design and the 
company’s general concept of product development is described, and the factors that 
affect their way of choosing materials to use in products. In the chapter about method 
and implementation the method for choosing which materials to use in a home 
environment is broken down and described piece by piece. In the chapter about 
findings and conclusions the results of using the methods described in the previous 
chapter are presented and analysed. Finally, there is a discussion on whether the 
methods used where sufficient in fulfilling all the set objectives and if the work has 
given sufficient answers to the theoretical research questions that were set in the 
beginning of the project.  
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2 Theoretical background  

In this chapter, some of the theoretical and practical factors that are to be considered 
when selecting a material based on democratic design, are stated. This chapter begins 
with a description of the company’s main objective and how it strives to achieve it by 
accomplishing a few goals along the product development process. The next part of the 
chapter is about democratic design, what it is and how it is implemented and used. 
There are also descriptions of the different materials used in the company’s products 
today. In the final part of this chapter a list of home environments and situations where 
the material of a product is relevant are presented.   

2.1 Company objective  
The company that this thesis is written for has an overall vision that is summarized as:  
  

“To create a better everyday life for the many people.”  

  
To reach the vision the company works with three principles: expect, exceed and 
excite. These principles are implemented on the different aspects of the democratic 
design process. [1]  

 Expect  
When the company is looking to create potential new products or ways of improving 
current ones, they expect most of the range of products to fulfil the democratic design 
parameters. They also want the consumers to expect certain things and the new 
products to fulfil those expectations. For instance the company often works with form 
and shapes that combines the Swedish heritage of simplicity and honesty with 
inspiration gathered from all around the world. They want the customers to expect the 
form to be simple and honest. Furthermore the company expects the products to fit in 
to one of four price ranges: breath-taking (unusually cheap), low cost, medium and 
high price. There are also expectations on the product to be functional for specific 
activities, follow the company’s quality standards and the laws and regulations of the 
country and to fulfil the company’s sustainability score card. [1]  

 Exceed  
The company strive to create products that exceed both previous products and 
potentially even the customers’ expectations and to have a selected part of the range 
stretch the democratic design parameters. To exceed in the aspect of form, according 
to the company, products need to be surprising and include new influences and 
potentially allow for personalization. To exceed within the quality aspect the company 
strives to produce products that have long lasting usability, value and a graceful aging 
processes. The function of the products exceed by improving and simplifying activities 
better than previous options. At the company, they always strive to create products that 
changes the category perception on the market by exceeding competitor’s options. To 
exceed with sustainability the company has chosen to focus on making it easier for the 
customers to live more sustainable lives at home and to take responsibility for the 
whole product life cycle. [1]  

 Excite  
At the company, they strive to create a variety of solutions that challenge and develop 
the democratic design parameters. They do this in the aspect of form by providing 
platforms for co-designing and creating. In the function aspect they focus on creating 
products that have functions that make everyday life easier, better and changes the 



Theoretical background  

12  

  

activity behaviour. They also strive to excite the consumers by providing them with 
quality products that they will enjoy and experience over time. One of the company’s 
main focuses when it comes to excitement is the price of the products, the main priority 
is to create products that can be sold for prices that change the perception of price and 
value. Furthermore, the company puts effort in to changing behaviour and enabling 
people and the company to contribute to a better planet. [1]  

  

2.2 Democratic design  
The goal of Democratic design within the company is to offer a wide range of well-
designed, functional home furnishing products at prices so low that as many people as 
possible will be able to afford them. The company aims to decrease the distance 
between the supplier and the consumer as much as possible, by combining the needs 
of the consumer with the possibilities of the supplier. At the company, they value the 
participation of the consumer highly. Democratic design is based on the company’s 
vision, to create a better everyday life for the many people. It consists of five different 
focus areas that each product needs to go through before it is approved and allowed to 
be produced. The focus areas are: form, function, quality, sustainability and low price. 
[1]  

 Form  
“Making the world more beautiful- when the majority of people makes beauty matter, 
the whole world becomes more beautiful and a better place-visually and emotionally. 
Form is not only about the beauty of each thing, but about how much better life at 
home becomes when it’s beautiful and makes you feel good” [1]  
  

When the company discusses form they often focus on a materials moldability, for 
example how easy it is to drill in it and if it is castable, what shapes can be made and 
how costly and advanced the processes needed to achieve those shapes are. What the 
material/form should express, for instance should it look stable and robust or light and 
agile. Should the form be based on the chosen materials properties or should the 
material be chosen based on the requirements for the form. At the company they work 
from the figure seen in fig 2.1 when they are developing the design for the product. [2]   
  

 
  

Fig. 2:1 Style circle, the figure is used to determine what a  
products shape/form should express.  
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 Function  
“Really making everyday life easier and more meaningful. - when there is a lot of us 
making many small changes to make things work better, the improvement will be big 
for everyone. Function is not only about how good each thing works, but how much 
better they make things work at home.” [1]  
  

When the company develops new products, and redevelop old ones they strive to create 
products that will improve the everyday life for the consumers. They do this by studying 
how people use products and how products are placed and used in people’s homes. 
They also have a high return policy to be able to get instant negative feedback on 
product that are not up to the customer’s requirements. [2]  

 Quality  
“Making everything last longer and age gracefully. – When many people can choose 
things that really match the ever-changing demands of life, then everyone will have 
good long lasting everyday experiences. Quality is not only about how durable each 
thing is or 10year guarantees, but about how much better things become if home 
stands the wear and tear of every day.” [1]  
  

Most companies strive to produce products that could be considered as high-quality 
products. At the company, that has requested this report, the focus of quality is mainly 
aimed at the aging process of the materials used. Questions that they need to have 
answered before they start the production of a new product and choosing the materials 
are for instance: How will the materials stand being in the sun? What happens to the 
material when and if it has been scratched on the surface? Are there any dangers with 
the chemicals used to increase the longevity of the products? [2]  
   

 Sustainability  
“Taking responsibility to have an improving impact on people and the planet.  - When 
we are many making small things better, the change is bound to be drastic for the 
planet. Sustainability is not only about producing each thing in a way that is good for 
the planet, but about how we help life at home become a way to make things better 
for the planet.” [1]  
  

At the company, they strive to produce products that achieve a high result on their own 
sustainability product score card. The score card consists of the following points, in 
brief:  

• Is the product made from renewable materials?  
• Is the product made from recycled materials?  
• Is the product made in a way that attains more from less?  
• Is the product made from an environmentally better material?  
• Is the product made from separable & recyclable material?  
• Is the product made with high quality?  
• Is the product made in a way that allows for high transport efficiency (number of products per 

container)?  
• Is the product made using an energy efficient production method?  
• Is the production method used using renewable energy?  
• How well are the suppliers utilizing the raw material for the product?  
• Dose the product promote less use of water and energy and less waste in customer homes? [3]   
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 Low price  
“Making it truly affordable for the many. – when many people afford to making 
things better, then everyone can live more freely and break away from norms and 
convictions. Low price is not only about the price of each thing but about affording to 
make things better”. [1]  
 
The main goal when the company sets prices for products that are to be developed is 
that the products can be sold for prices that can compete with other furniture 
producing companies. Another goal is to set prices that changes the way that customers 
perceive what a product should cost. When they develop, and improve products they 
set the selling price at an early stage to have a goal for what the production costs should 
not exceed. There is a lot of cooperation between the company and the manufacturers 
to achieve a good and working relationship and for the products to become what the 
company has asked for. Furthermore, the manufacturers are in some part involved in 
the development processes of new product as well since they have the most knowledge 
of how the production can be set up to achieve the lowest cost. [2]  

2.3 Company Consistency   
At the company, they strive to create products that can be used together with other 
products, even though they are not specifically meant to be used together. For instance, 
boxes that are meant to be used in shelfs in a garage environment should have the same 
dimensions as boxes used in a shelf meant for a living room or bedroom. This allows 
the consumers to use them where they please.  In a material aspect, it could for instance 
be important to ensure that surfaces of products that might touch each other don’t 
produce unwanted reactions or deforms the other surface.  

2.4 Materials currently used at the company  

 Metals  
At the company, there are some products which functions requires them to have high 
tensile strength and can withstand a lot of potential forces. There are also products that 
are made of metals for esthetical reasons. The most common metals used at the 
company are aluminium, zamak, carbon steel and stainless steel.   

2.4.1.1 Aluminium   

Aluminium is one of the most common metals on the planet. Approximately 8% of the 
earth’s crust is made of aluminium and it’s the third most common substance in the 
crust. Aluminium never occurs in its pure form in nature, it is instead always found in 
compounds, mainly with silicon and acid, as well as constellations of alkali and alkaline 
earth metals.   

According to the Aluminium SIS handbook, aluminium is used in a lot of different 
product areas, such as furniture, aeroplanes, cars, bikes etc. It is often one of the first 
alternatives when looking for strong lightweight materials. It has a density of 2.7 grams 
per cm3, which is a third of steel. It’s very corrosive resistant, as it creates its own 
protective oxide layer. It is easy to shape, both hot and cold, it can be forged, bent, 
pressed, extruded, rolled and casted. It can be fused with most welding methods, 
including friction stir welding, also by soldering, riveting and gluing. It is strong, Rm 
is 70-700MPa and it is nontoxic, has good electric and thermal conductivity, is tough 
at low temperatures and it is nonmagnetic. It can also be made reflective of both light 
and heat radiation. Since aluminium can be manufactured and shaped in such 
numerous ways it is often considered an economically usable material for a lot of 
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products. Aluminium is also easy to recycle, if it is recycled it only requires 5% of the 
energy that is required to produce new aluminium. [4]  
  

The negative aspects of aluminium are that it has a low E-modulus, with only 70GPa, 
which is one third of steel. It also has high contact resistance, bad abrasion resistance, 
is sensitive to scratches and it has low high temperature strength and it losses strength 
when it reaches temperatures above 200 degrees Celsius. Furthermore, it has low creep 
strength, low fatigue strength and it is price sensitive. [4]  

The basic steps for extraction of aluminium are: retrieving oxide ore from open dig 
sites, crush the ore, grind it and then leach it. The next steps are to calcine and perform 
an electrolysis process. On a more detailed level the aluminium is extracted from 
bauxite. The bauxite is first purified by digesting it with caustic soda at 150-200 degrees 
at a pressure of approximately 4 atm. This separates the alumina from iron oxides, 
titanium, and silica, which are the most common impurities in the ore. The alumina is 
first extracted as sodium aluminate. The extraction produces a red muddy residue 
consisting of aluminium silicate and iron oxides. The alumina is then extracted by 
hydrolysis of the solution. The alumina precipitate is filtered and calcined to remove 
the remaining water. The alumina is then fed in to an electro winning cell. The 
extracted alumina is then 99.99% pure. [5]  

The leftovers from the process is a red sludge that mainly consists of a mixture of Silica 
and titanium dioxide. In today's manufacturing processes, the amount of sodium 
hydroxide that is also left over in the production is low enough for the red sludge to be 
useable as soil in the same location as where it was retrieved. [4]  

Different aluminium alloys  

There are several different aluminium alloys, according to the aluminium 
association.  An alloy is a chemical composition consisting of for instance pure 
aluminium, combined with other elements that enhance the aluminium’s properties. 
The other elements could include iron, copper, silicon, manganese, zinc and 
magnesium. The amount of added materials can in some cases amount to a total weight 
of 15% of the total alloy. Different alloys have different numbers, the most common 
numbering method uses 4 numbers, where the first number identifies the alloys series 
or class, characterized by its alloying elements.   

The commercially pure aluminium versions are part of the 1xxx series. The 1xxx series 
covers alloys of aluminium 99% or higher purity.  This series has excellent workability, 
excellent corrosion resistance and high electrical and thermal conductivity.  It is 
commonly used for, power grid or transmission lines that connect the national grids 
across the United States.  Common alloy designations in this series are 1350, for 
electrical applications, and 1100, for food packaging trays.  

Heat-treatable alloys include the 2xxx, 6xxx and 7xxx series. Some alloys are 
strengthened by solution heat-treating and then rapid cooling, or quenching.  Heat 
treating takes the solid, alloyed metal and heats it to a specific temperature.  The alloy 
elements (solute), are homogeneously distributed within the aluminium.  The metal is 
then quenched, or rapidly cooled, which freezes the alloy elements atoms in place.  The 
solute atoms consequently combine into a finely distributed precipitate.  This occurs in 
a low temperature furnace operation which is called artificial aging or at room 
temperature, known as natural aging.  

The 2xxx series, can be strengthened through solution heat-treating and its principle 
alloying element is copper.  These alloys do not have the levels of atmospheric 
corrosion resistance as many other aluminium alloys yet they combine high strength 
and toughness well.  These alloys are usually clad or painted to prevent them from 
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being exposed to atmospheric elements.  Generally they are clad with a high-purity 
alloys or alloys from the 6xxx series to resist corrosion. Alloy 2024 perhaps is the most 
widely known aircraft alloy.  

The 6xxx Series, which is the series that the company currently uses the most [2], 
consists of heat treatable, versatile, weldable, highly formable alloys. They also have 
moderately high strength and excellent corrosion resistance. In this series the alloys 
contain silicon and magnesium, which in combination creates magnesium silicide 
within the alloy.  Extrusion products from the 6xxx series are generally the first choice 
for structural and architectural applications.  The most widely used alloy in this series 
is 6061 alloy and it is often used in truck and marine frames.   

In the 7xxx Series Zinc is the primary alloying agent, and magnesium is added which 
makes it in to a heat-treatable, very high strength alloy.  Other elements such as copper 
and chromium are also added in small quantities some times.  The most commonly 
known alloys are 7050 and 7075, which are widely used in the aircraft industry.   

Non-heat treated alloys are strengthened through cold-working. Cold working occurs 
during forging or rolling methods and is the action of “working” the metal to make it 
stronger.  By rolling aluminium down to thinner gauges, it gets stronger.  Cold working 
produces dislocations and vacancies in the alloy structure which reduces the movement 
of atoms relative to each other. Alloying elements like magnesium increase this effect, 
resulting in even higher strength.  

In the 3xxx Series, manganese is the major alloying element, and smaller amounts of 
magnesium are often added, although only a limited percentage of manganese can be 
effectively added to aluminium.  3003 is a popular alloy for general purpose because it 
has good workability and moderate strength and may be used in applications such as 
cooking utensils and heat exchangers.  Alloy 3004 and its modifications are used in the 
bodies of soda cans   

In the 4xxx series alloys are combined with silicon, to lower the melting point of 
aluminium, without producing brittleness. This leads to the 4xxx series being an 
excellent material choice for brazing alloys and welding wire where a lower melting 
point is essential.  Alloy 4043 is one of the most widely used filler alloys for welding 
6xxx series alloys for automotive and structural applications.  

In the 5xxx series magnesium is the primary alloying agent. Alloys in this series possess 
moderate to high strength characteristics, good weldability and resistance to corrosion 
in marine environments. Because of this, aluminium-magnesium alloys are often used 
in construction and buildings, marine applications, storage tanks and pressure vessels.  
Common alloy applications include: Anodized 5005 sheet for architectural 
applications, 5052 in electronics, 5083 in marine applications and 5182 makes the lid 
for aluminium beverage cans.  [17] According to J.Fahim, S.M.M Hadavi , H.Ghayour 
and S.a. Hassanzadeh Tabrizi report: ‘Cavitation erosion behaviour of 
superhydrphobic coatings on al5083 marine aluminium alloys’, the Al5083 alloy is 
widely used in the ship building industries for the construction. Aluminium 5083 has 
high strength, fatigue resistance and relatively good corrosion resistance agains saline 
whater.[29] 

2.4.1.2 Low carbon steel  

Carbon steel is a cheaper alternative than aluminium. It is used in a lot of products 
such as car parts, screws, handles, roofing, reinforcement of concrete etc. The history 
of iron and steel is a lot longer than that of aluminium. Carbon steels are made from 
iron, with carbon, a little nickel, silicon and manganese. It can be shaped in most of the 
same ways as aluminium. [18]  
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2.4.1.3 Stainless steel  

Stainless steels are alloys made from iron with chromium, nickel and often a few other 
elements. The alloying prevents the iron from becoming brittle and to react with the 
oxygen and humidity of the air. It also prevents the material from becoming brittle at 
cold temperatures. The chromium within the steel reacts with the oxygen and creates 
a barrier around the steel, and the barrier is self-repairing if the material would get 
scratched.   

Stainless steels are used in a lot of environments and products, such as: cars, boats, 
stoves, sinks, cutlery, cooking utensils etc. [18]  

 Wood  
Wood is a cost-effective material that can be shaped and reshaped in many ways. It is 
in large parts considered to be an environmentally friendly material since it is from a 
renewable resource and it has negative CO2 emission during its life cycle. At the 
company, it is used in different versions, both as solid wood pieces and as particle 
board.  [7] The company has a long history of using wood in their products and there 
has been a lot of different types of wood used.  They have sold products made from 
untreated wood and then sold stains, oils and wax separately for the customers to be 
able to give it a personal touch. Another alternative way the company has chosen to use 
wood was to use the top parts of birch trees. Most other companies thought it was too 
knotty and gnarly but this company decided to use it since it was an inexpensive 
alternative of wood. [7]  

 Polymers   
Polymers are used for a lot of different products. It is a vast group of materials with 
several abilities that are not present in metals and natural materials yet. The main 
disadvantage of using polymers according to the company was the cost for the moulds. 
[7]  
  

2.5 Home environments   
A home consists of several different environments, for instance a bathroom might have 
high humidity whilst a living room might have a big window where a lot of sunlight can 
penetrate.  The rooms and areas that were considered in this thesis are:  

• General areas  

o On open shelfs and tables  

o In cupboards  

o On floor surfaces  

• Kitchen  

o Sink  

o Dishwasher  

o Oven  

o Stove  

o Fridge  

o Freezer  

o Microwave oven  

• Bathroom/washing room/poolroom  

o Wash basin   
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o Toilet o Shower  

o Washing machine  

o Pool/tub  

• Living room/ dining room/ office  

o Near electric apparatus  

o Open flames (from fireplaces and candles)  

• Bedroom  

o Bed (Sound absorber/ extender) o Light  

• Vestibule/ hallway/ mudroom/ garage   

o Chemicals, dirt and dust  

• Porch/ balcony/ outdoor   

[13]  

  

General areas  

This category is primarily about storage units and ornaments used on shelfs and tables 
and floors. Looking at the weight that needs to be distributed on shelfs it is better to 
have made products out of lightweight materials as they will not contribute as much to 
the gravitational forces placed on the shelf. If moved, the hardness of the material of 
the product will affect what will be scratched. If the shelf has a softer surface then for 
instance an aluminium ornament the shelfs surface will be scratched, if there are sharp 
edges or corners on the ornament. This applies to most areas, but especially to open 
shelfs, on tables, in cupboards and on floor surfaces.  

  

Kitchen  

Kitchens have a lot of different local environments and situations where different 
material aspects are relevant. Here are a few examples: In a sink there will be a lot of 
water and a few chemicals that needs to be considered when selecting materials for 
products. In a dishwasher some dishwasher tablets have pH-values of around 10-11, 
which also needs to be considered. [12] In ovens there are working temperatures of up 
to almost 300o C and some cleaning substances used that have a pH-value of 11-13. [15] 
On stoves there are also high temperatures and some use open flames. Induction stoves 
require the products used on them to be magnetic, for the induction to work. In fridges 
and freezers materials needs to withstand low and freezing temperatures. In 
microwaves, metals are generally not to be used as they can cause sparks which in turn 
can cause fires. [6]  
  

Bathroom/washing room/poolroom  

The humidity in bathrooms, washing rooms and poolrooms are often higher than the 
rest of homes. Some of the most common substances used in a wash basin are water, 
soap, toothpastes, makeup, makeup remover, saliva, mouthwash and occasionally 
some stopper solvents. Products used to clean toilets and showers often have a pH 
value around 2-4. [14] The pH value for bleach, which is often used when whitening 
fabrics in washing machines, has a pH value of 11-13. In tubs, pools and on tiles there 

are some detergents used that have a pH-value of 11-13. [15]  
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Living room/ dining room/office  

Living, dining rooms and offices most often have an environment that is comfortable, 
both in temperature and humidity. Some types of electronics may be affected by or use 
magnetism and radio waves and some materials can block those signals. If for instance 
an internet router that transmits Wi-Fi in to the living room is placed in a box or shelf 
made from aluminium the Wi-Fi signals may be interrupted and disturbed. There may 
also be open flames present on for instance dining tables and fireplaces that could 
affect different materials.   
  

Bedroom  

Just like in living rooms and dining rooms, bedrooms most often have an environment 
that is comfortable, both in temperature and humidity. Most of the time a bedroom 
needs to be relatively quiet for people to sleep which means that surfaces where 
products come in contact with each other should preferably not emit loud noises.    
  

Vestibule/ hallway/ mudroom/ garage   

In garages, vestibules and mudrooms there are often chemicals stored that could be 
harmful to both people and products. In some cases, these chemicals could potentially 
also be brought in to the hallways via shoos and other things that were warn when the 
chemicals were used. In garages, there is also the semi outdoor environment to 
consider, with its high humidity and vast temperature change. Furthermore there are 
many different chemicals and fluids that are used in garages and in mudrooms. [16]  

Porch/ balcony/ outdoor  

Outdoors there are many different aspects that products need to withstand. For 
instance, wind forces, UV-radiation, rain, vast temperature changes and if the products 
are to be used close to the sea there will also be salt that could affect it. In cities and 
close to roads there are also fumes from vehicles that could affect the product.  
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3 Method and implementation  

In this chapter, the methods used during the research are described. An account of how 
the data was gathered and why the different methods were chosen is presented.   

3.1 Identifying the characteristics of democratic design  
The first part of the first research question, (what are the characteristics that define 
the different focus areas of Democratic Design...) was answered by gathering 
information from different sources. One of the sources of information was an interview 
with one of the representatives of the company. During the interview information was 
attained about how the company works with democratic design. The interview mainly 
consisted of descriptions of what steps are involved in the company’s product 
development and what aspects had to be considered when selecting the final design. It 
also included a description of how the company functions and what their main 
customer group consists of. [3] Another source was the company’s wall of information, 
where the definition of democratic design could be read. [1] There was also a visit to a 
museum where information about democratic design could be attained. [7]   

3.2 How aluminium corresponds to democratic design   
To answer the first research question second half (…and how do aluminium 
correspond to these characteristics?) a mind map was created. The mind map consists 
of the five aspects of democratic design and most of the relevant aspects of aluminium 
according to Sapas handbook about aluminium. The different aspects of aluminium 
were placed closest to the democratic design aspect that were considered most 
relatable. The mind map was limited to only the aspects mentioned in Sapas handbook, 
in order for it not to become too large.  

3.3 Identifying reasons to or not to change to aluminium  
To begin answering the second research question (which of the company’s current and 
future products, used in a home environment, should be made from aluminium?) a 
comparison of the different materials used at the company was done. It was determined 
that the most efficient way to compare the different materials was to us a material 
comparing program called CES-EduPack. The comparisons were focused on the 
different aspects of democratic design, to identify what aspects of aluminium that could 
be used to argue for or against it as a choice of material.   

 How a CES-EduPack comparison is done   
The program allows the user to compare different features of several materials 
simultaneously. It can be used to produce graphs showing where the materials will be 
on different scales in comparison to others. The process of creating these graphs 
includes the following steps: selecting what materials are to be compared, deciding 
what features are to be compared on the two different axels of the graphs and plotting 
the graph. [11] Fourteen materials that were deemed as potential new materials or were 
already in use at the company, were chosen:   

• Age hardening aluminium,  

• Cast aluminium alloys,   

• Non- age hardening aluminium,  

• Stainless steel,   

• Low carbon steel,   
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• Hardwood: oak, across grain,  

• Plywood,   

• Softwood: pine, across grain,  

• Bamboo,  

• Acrylonitrile butadiene styrene (ABS),  

• Polyethylene terephthalate (PET),   

• Polymethyl methacrylate (Acrylic, PMMA),  

• Polypropylene (PP),   

• Polycarbonate (PC)  

The compositions of the different materials that have been compared can be seen in 
appendix B. These materials are generalisations of the mayor groups of materials. For 
instance age hardening aluminium includes the 2xxx-, 6xxx- and 7xxx-series of 
aluminium as they are all potential materials under different circumstances yet they 
have a lot of similar characteristics.   

3.3.1.1 Material comparison regarding form  

Form can be considered from many different perspectives. To get a general idea of how 
aluminium compares to the other materials regarding form, all the available 
production methods in CES-EduPack were researched. The data about what materials 
that could be produced with the different production methods showed one or more of 
the following groups: Metals – non-ferrous (ex: Aluminium), metals – ferrous (ex: 
Steel), Natural (ex: wood), Polymers and Composites. The production methods that 
were available were put in to tables in order to get a general overview of what types of 
materials that could be used in the different production methods and what production 
methods were available for the different materials. The same procedure was done with 
surface treatments which showed the same material groupings.   
  

A further study of what types of effects and benefits are possible to achieve from 
anodizing aluminium was also done.   
  

3.3.1.2 Material comparison regarding function  

The general aspects of a material that affect a products functions most were discussed 
with the company and deemed to be the materials tensile strength, Young’s modulus, 
elongation and fatigue strength. A further aspect that was deemed relevant to the 
materials effect on a products function was its flammability. These aspects, were 
compared in CES-EduPack 2017 for some of the most commonly used materials at the 
company.   

3.3.1.3 Material comparison regarding quality  

The aspects that were chosen to be compared that were deemed to be relevant to quality 
were UV-resistance and chemical resistance, both to weak and strong acids and 
alkaline substances. The hardness of a materials surface was also deemed relevant as 
it affects how easy a product can be scratched. Furthermore, its durability towards 
organic solvents and salt and fresh water were deemed relevant to the products quality. 
All the mentioned aspects were compared in CES-EduPack 2017. A numerical data 
comparison of all the available durability grades of the different materials was also 
done in order to get an overview of the different materials durability, see appendix D.   
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3.3.1.4 Material comparison regarding sustainability  

The first thing that was compared was the different materials ability to be recycled 
according to the definition in CES EduPack 2017. Then the CO2 footprint for the 
primary production of all the relevant materials and their embodied energy. Then an 
ECO-audit was done, where some of the selected materials were compared in how they 
would contribute to CO2 emissions during their life cycles and how much energy they 
would consume. The CO2 footprint and the energy consumption for the coarse 
machining for the different materials was also compared. How much water is needed 
to create each material and their weight differences was also compared.  
  

One of the comparisons that was dons is called an eco-audit. It identifies how a change 
of material could alter the impact on the environment, in the aspects of CO2 footprint 
and energy consumption. It was done in CES EduPack by adding estimated numbers 
in to different parameters. These parameters are then used by the program to calculate 
an estimated CO2 footprint and energy consumption of the product during its lifecycle. 
Estimations are done on for instance, how far the product travels during its lifecycle 
and what modes of transportation are used. What happens to the product after it’s been 
used and discarded etc. The estimations were made by discussing data from current 
products with the company.   

3.3.1.5 Material comparison regarding low price  

Transportation, manufacturing and the materials cost for the different materials was 
compared. The material costs were compared both in cost per weight and cost per 
volume, to insure that low weight materials weren’t calculated as unrealistically 
expensive in compression to how much material would be available.   

3.4 Determining which products to recommend for a material 

change  

By looking at the company’s current aluminium product range, which were made partly 
or completely out of aluminium, a few product types were identified. These products 
were then analysed and compared to the results from the results gained from the 
CESEdupack 2017. The same was done for a few products that were not currently made 
from aluminium in order to see if they would benefit from a change to aluminium, 
according to democratic design.  The product types that were selected were:  

• Knobs/hooks/handles  

• Mirror and picture frames  

• Ornaments/candle holders  

• Chairs  

• Shelfs  

The product requirements were analysed based on the most common uses and 
placements in home environments, according to the company’s stores and websites.  
For instance the toilet seats were assumed to be used on a toilet.     
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4 Findings and analysis  

This chapter contains the findings and the results of the work done. It also includes 
analyses of the results. The chapter is divided according to the different aspects of 
democratic design. Each division includes the CES EduPack results, a summary of the 
results and an analysis of the results. The chapter ends with a few examples of how to 
get some ideas about if a product should or should not be made from aluminium by 
using this report.    

4.1 Aluminium’s correspondence to democratic design  

By studying the main aspects of aluminium according to Sapas handbook about 
aluminium and then comparing those to democratic design figure 4.1 was created. [8]  

 

  

 Result of researching aluminium’s correspondence to democratic 

design.  
With figure 4.1, it was possible to get an overview of what aspects of aluminium effect 
and qualifies under which part of democratic design. It was also possible to draw some 
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conclusions about what characteristics were relevant, in the democratic design, 
relative to the selection of material.   

4.1.1.1 Analysis of aluminium’s correspondence to democratic design  

The democratic design aspects are affected by several of the same aluminium features. 
For instance, the low weight of aluminium effects both function, low cost and 
sustainability. Aluminium has a lot of features that correlates with several of the 
aspects of democratic design.   
  

4.2 Aluminium qualifications regarding form  

 Available production methods   

Table 1, in appendix E, shows all production methods that are available in the CES – 
EduPack 2017, and which groups of materials that can be used in production with the 
methods. Table 1 is used to indicate what production methods are currently available 
options when choosing a type of material that is included in the groups.    

 Surface treatments available  

Table 2, in appendix E, shows all available surface treatments methods in the CES- 
EduPack program 1, and which groups of materials that can receive the different 
surface treatments. Table 2 is used to give an indication on what ways there are to treat 
the surfaces on the different materials.   

4.2.2.1 Anodizing aluminium  

As can be seen in table 2 in appendix E only non-ferrous metals, such as for instance 
aluminium, can be anodized. Anodizing transforms the aluminium surface in to 
aluminium oxide thru a controlled electrolytic oxidation process. The Aluminium part 
is connected as an anode in a 20% sulphuric acid solution. Sometimes anodization is 
also called anoxification or oxidation.  

An aluminium item that goes through the anodizing process gets new features such as 
high resistance to wear and it becomes dirt repellent. While the aluminium oxide is 
created dies can also be added, so the product becomes coloured. Different companies 
have different standard colours and maximum dimensions of parts that they can 
anodize. At for instance Ahlins i Habo their standard colours are black, blue, red and 
gold. And their maximum dimensions formats are 2000 x 1100 x 500 mm. [19]They 
also have access to a lot more colours as can be seen in their folder.[24]   

The anodization also makes the item electrically insulating, which means it does not 
conduct electricity anymore. It also provides excellent protection against corrosion in 
difficult environments. During some types of the process no foreign metals or 
substances are added and generally anodized aluminium is approved for contact with 
food, according to the EU Directive RoHS (Restriction of Hazardous Substances). [20]  

There are a lot of new methods of anodizing that are being researched that could for 
instance make the products super hydrophobic, like lotus leaves. According to Hamid 
Saffari, Beheshteh Sohrabi, Mohammad Reza Noori, Hamid Reza and Talesh Bahrami,  
it is possible to do it to aluminium of the 1xxx. [21] According to ZhouLu, PengWang 
and Dun Zhang, it is also possible to achieve increased corrosion resistance in marine 
environments with certain kinds of anodizing and adding films. [22] According to 
Yang  
Wang, Xiao Wei Liu and Hai Feng Zhang, a super-hydrophobic surface on an 
aluminium product, from the 6xxx-seris, can heal itself, at 130◦C degrees, if it’s 

produced with a certain process. That type of coating is obtained by combining a two-
step process (first, the substrate is immersed in a solution of H2O, HF and HCl, and  

https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!
https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!
https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!
https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!
https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!
https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!
https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!
https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!
https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!
https://www-sciencedirect-com.proxy.library.ju.se/science/article/pii/S0010938X14005502#!


Findings and analysis  

25  

  

 
 
then in boiling water) and succeeding surface fluorination with a solution of poly 
(vinylidene-fluoride-co-hexafluoropropylene) and a fluoroalkyl silane. [23]  
  
Further  benefits of anodizing are: providing a base for the application of adhesives or 
printing inks, improving the feel of a surface and the surface is perceived as new for a 
longer period. Things to consider regarding anodized surfaces: they are corrosion 
resistant as long as they don’t come in contact with substances with pH-values outside 
of 4-9. If they come in contact with strongly alkaline substances, the surface can 
become damaged and stained. The anodized surfaces should therefore not come in 
contact with for instance cement, gypsum and lime. At temperatures above 100oC, the 
oxide layer can be cracked and the cracks are more noticeable the thicker the layer is. 
The pigments need to be removed before the aluminium can be recycled and some of 
them does not have good resistance to UV-radiation. The quality of the dye also 
depends on the colouring method used. For more information see Sapa’s handbook.[8]  

4.2.2.2 Spray-coating 

There are several different spray coatings available for aluminium. An example of a 
hydrophobic version is shown in the Journal of Colloid and Interface Science some. 
According to that journal aluminium alloys can be prepared with a one-step spray 
coating. The primary coating mentioned in the journal consisted of an alcohol solution 
with hydrophobic silica nanoparticles in varying size from 14-40nm, and methyl 
silicate. The results of the hydrophobicity test done on the surface showed that the 
water had a contact angle of 155° and a roll-off angle of 4°. The coating mentioned in 
the journal was also subjected to repeated high-pressure water jetting tests, sand 
paper abrasion and still maintained roll-off angle less than 10°.[26] Another report 
written by Ruoyu Sun, Jing Zhao, Zhen Li, Jiliang Mo, Yajia Pan and Dabing Luo, 
mentions an another surface coating that is even more hydrophobic. That report 
mentions a water contact angle of 156± 2° and a sliding angle of 3°. The Surface 
treatment they performed also showed signs of self-cleaning properties. [30] 

4.2.2.3 Surface etching 

Aluminium can undergo a surface etching, according to Applied Surface Science. In 
their report ‘Fabrication of super hydrophobic surface on aluminum by continuous 
chemical etching and its anti-icing property’, the surface of a micro/nanostructured 
aluminum surface was fabricated using a continuous chemical etching method. One 
of the conclusions of their tests of that material was that a hydrophobic surface could 
prevent icing since the water sprayed on the surface would aggregate in to large drops 
and role of before they could freeze. [27] A similar process of surface etching as also 
mentioned in the international journal of smart and nano materials, in the article, 
‘Super hydrophobic coatings for aluminium surfaces synthesized by chemical etching 
process’. The article shows that an aluminium surface, that has gone thru a surface 
etching and gained a super hydrophobic surface, may lose its hydrophobicity if it is 
subjected to 300°C for 6 continuous hours. At that point the super hydrophobicity of 
the coating is lost and turns into super hydrophilicity. The surface could then be 
repaired by immersing it in lauric acid for 30 min. [28]  

 

4.2.3 Results and analysis of form  
As can be seen in the tables 1 and 2 in appendix E, there are several different 
production methods available for both ferrous and non-ferrous metals and polymers. 
The amount of production methods available is an indication of the materials 
formability. The same goes for the number of surface treatments available.   
  

https://www.sciencedirect.com/science/journal/00219797
https://www.sciencedirect.com/science/journal/01694332
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There is a lot of new research being done about what surface treatments can be done 
on different materials, one of which is anodization. Several features for anodized 
aluminium surfaces are currently not being exploited in the company’s current 
product range, such as making the surfaces more hydrophobic and dirt repellent.   

4.3 Aluminium qualifications regarding function  

 Mechanical properties  
The following three graphs, fig 4:4 and fig 4:5, were made in CES-EduPack 2017. In 
these figures, it is possible to see how aluminium compares to some of the other 
materials used at the company regarding different mechanical aspects.   

 

Fig. 4:4 Elongation and fatigue strength of some of the most commonly used 
materials at the company. [6]  
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 Results for Function  
The figure 4.4 shows that steel and aluminium have higher fatigue strength than both 
polymers and natural material. It also shows that polymers are the group of material 
that have the highest elongation capability’s, of the compared materials. The figure 
also indicates that steel alloys has higher rates of both elongation and fatigue strength 
than aluminium alloys.   
  

By looking at figure 4.5 it is possible to see that the different versions of both 
aluminium and steel are far superior to the natural materials and the polymers in the 
aspects of both young’s modulus and tensile strength. The different versions of steel 
are better than the versions of aluminium in both aspects.   

4.3.2.1 Analysis of the results for function  

Steel is the superior material when looking at the mechanical properties, as it achieved 
higher values in the comparisons seen in figures 4.4 and 4.5. It also achieved the same 
result as aluminium regarding flammability. A comparison between the different 
groups of materials, polymers, natural and metals, shows that the metals are superior 
in most of the compared aspects.   

Both steel and aluminium can be used for functions that require higher strength and 
durability than those available in both natural materials and polymers. This is only 
true as far as looking at the mechanical properties and can differ in the aspect of 
strength to weight ratio. The mechanical abilities of the metals can in some cases also 
be higher than the product requirement demands.   

Fig. 4:5 Tensile strength and Young´s modulus of some of the most commonly 

used materials at the company. [6] 
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4.4 Aluminium qualifications regarding quality  

 Materials durability  

In appendix D, there is a table showing some of the most commonly used materials, 

at the company, and their durability ratings in regard to different chemicals, 
environments and other aspects that could affect the material.   

 Hardness  

Hardness is measured by poking the material surfaces with a certain force and 
then measuring how wide the indentation is. The wider the indentation the 
softer the material is. To see the hardness of the different materials compared 
to each other see figure 4.8.  

 

  

Fig. 4:6 Hardness of some of the most commonly used materials at the company.   

 Results for Quality  

Figure 4.6 shows that steel and aluminium are harder than all the other compared 
materials. Steel is harder than aluminium thought there are some versions of 
agehardened wrought aluminium-alloys that are harder than some of the softer steel 
alloy versions.   

Appendix D indicates that aluminium is good in most types of water and aqueous 
solutions, fuels, oils and solvents, alcohols, aldehydes, ketones, built environments 
and at resisting flames. It is not as good with acids, alkalis, halogens and gases and in 
thermal environments.  
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4.4.3.1 Analysis of the results for quality  

Aluminium and steel are the hardest materials that have been compared. The hardness 
affects how easily a material can be scratched, which means that aluminium and steel 
have higher scratch resistance than the other compared materials. The longer a 
product can remain unscratched the longer it maintains its visually appealing qualities 
(except if the product is supposed to look scratched).   

In appendix D there are some environments and chemical substances shown that 
aluminium product should not be in or around.   

4.5 Aluminium qualifications regarding sustainability  

 Recyclability  

Table 3 shows which of the most commonly used materials at the company that are 
recyclable into a grade of similar quality as it was before. [6]  

  

Table 3 The recyclability of some of the most used materials of the company  

Recyclability  
  

TRUE  FALSE  

Acrylonitrile butadiene styrene (ABS)  Bamboo  

Age-hardening wrought Al-alloys  Hardwood: oak, across grain  

Cast Al-alloys  Softwood: pine, across grain  

Low carbon steel  

Non- age-hardening wrought Al-alloys  

Polycarbonate (PC)  

Polyethylene terephthalate (PET)  

Polymethyl methacrylate (Acrylic, PMMA)  

Polypropylene (PP)  

Polycarbonate (PC)  

Stainless steel  

Plywood  

  
  
   
   

   
   

 Energy consumption and CO2-emesion   
Figure 4.11 and 4.12 shows the CO2 emissions and the energy consumption during 
different faces of the materials life cycle.  Figure 4.11 shows how much energy is 
embodied in to the materials when there produced, whilst 4.12 shows how much 
energy is needed to remove material when machining it.  
  

The following figures 4.13, 4.14, 4.15 and 4.16 shows the results of an eco-audit. The 
eco audit is a comparison of how much difference there is in CO2 emissions and energy 
consumption between the different materials. Figure 4.13 and 4.14 are made with a 
fixed volume of material, of 1 cubic meter. Figure 4.15 and 4.16 are made with the 
amount of material required to achieve the same strength as one unit of Stainless steel. 
The estimated transport distances for the different materials used in the eco audit can 
be seen in appendix A. Al the materials in the Eco audit where assumed to consist of 
the average amount of recycled material.   
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Fig. 4:7 The CO2 footprint and embodied energy of the most used material of the 
company. [6]   
  

 

 Fig. 4:8 CO2 footprint and energy required for the coarse machining of the 
different materials. [6]   
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Fig4.9 The energy consumption during the life cycle for 1 cubic metre of the different 
materials according to an eco-audit. [6]   

 

Fig4.10 The CO2 footprint during the life cycle for 1 cubic meter of the  
different materials according to an eco-audit. [6]  
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Fig 4.11 The energy consumption during the life cycle for the different 
materials, where the quantity of material is based on the quantity needed 
to reach the same strength as stainless steel. [6]  

 

Fig 4.12 The CO2 footprint for the different materials, where the quantity 
of material is based on the quantity needed to reach the same strength as 
stainless steel. [6]  
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 Weight   
 The weight of a product effects the fuel consumption when it is moved and the 

density of the material effects the weight of the product. A product made from a 

material with lower density will in most cases need less fuel when transported, and 

thereby decrease the CO2 emissions.  The density of aluminium compared to the 

other materials used at the company can be seen in figure 4.17. The weight of a 

material also effects the weight of the product which in turn effects potential 

functions of the product.   

 

 Water consumption  

The amount of water needed when producing the different materials is shown in fig 
4.18. The data for water consumption is mostly compiled by measuring the factory’s 
inputs and outputs. Those materials that require substances that come from growing 
things has had the water required for that included. [6]   

Fig. 4:13 The density of some of the most common materials used by the company. [6]   
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According to Table 3 ABS, aluminium, steel, PC, PET and PMMA can all be recycled 
into a grade of similar quality as it was before. The materials that have been compared 
that can’t be recycled according to CES-EduPack are: bamboo, oak, plywood and pine.  

The results of comparing the materials in the aspects of CO2 footprint and embodied 
energy for the newly produced materials shows that aluminium requires the most, see 
figure 4.7. It requires more than three times as much as steel.   

In the aspect of how much energy and the CO2 emissions required to machine the 
different materials, see figure 4.8, pine had the lowest. Aluminium was in the medium 
range and it had lower energy consumption and CO2 emissions than stainless steel yet 
higher than carbon steel.   

The eco audit, seen in figure 4.9 shows that the life cycle of a cubic meter made of 
polypropylene (PP) would produce 44% less CO2 emissions than a cubic meter made 
from new aluminium. The eco audit, seen in figure 4.10 shows the energy required 
during the lifetime of a cubic meter made of polypropylene (PP) would require 42% 
less energy than a cubic meter made from aluminium.   

The eco audit based on the material needed to achieve the same strength as stainless 
steel showed that it would produce 3%less CO2 emission using aluminium instead of 
steel. Using carbon steel instead, it would produce 56% less CO2 emission then when 
using aluminium, see figure 4.11. The same setting, in the aspect of energy, see figure 
4.12, showed that it would require 4% less energy to produce products of aluminium 
then stainless steel. It would also require 61%less energy producing the product from 
carbon steel compared to aluminium. Furthermore, all the eco audit graphs indicated 
that the weight had little to no significance to the transportation costs and the 
processes of recycling were generally equally energy consuming. The graphs also 
showed that all the recyclable materials could have their energy usage reclaimed at the 

  Results for Sustainability   

Fig. 4:1 4   The amount of water needed to produce the different materials. [6]   
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end of life, for the most part, whilst plywood would continue to contribute to CO2 

emissions when burnt.  

The density of the different materials, which can be seen in figure 4.13, had little to no 
effect on the overall energy consumption and CO2 emissions, as mentioned above. The 
figure 4.13 shows that aluminium has a lot lower density than steel. Both steel and 
aluminium has a lot higher density than the rest of the materials compared. The lowest 
density material that was compared was softwood pine.   

The amount of water needed to produce the different materials can be seen in figure 
4.14. The results from the comparison shows that PLA is the material that requires the 
most water, whilst aluminium is the second most. The lowest requiring materials were 
PE and steel.   

4.5.5.1 Analysis of the results for sustainability  

Aluminium is one of many recyclable materials. It requires a lot of water and energy, 
when it is produced, compared to the other materials. New aluminium is also the 
highest contributor to CO2 emissions of the compared materials.  The aluminium that 
is used when producing new products today uses less energy than stainless steel and 
approximately 30% of aluminium in production is recycled. The aspect of material 
weight has little effect on the environment, for products that are generally going to 
stay in stationary home environments.   

4.6 Aluminium qualifications regarding low cost  

 Material cost  

There are a few different ways of looking at the price of a material, a common one is 
to look at the price per kilogram, see figure 4.19 for a comparison of the common 
materials at the company.  Another way to compare the price, which is more relevant 
when comparing materials that are to fulfil functions that doesn’t require high 
mechanical strength, is to look at the price per volume rate, see figure 4.20.   
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Fig. 4: 16   The cost of the materials pe r cubic meter. [6]   

Fig. 4:1 5   The different materials cost per/kg. [6]   
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 Manufacturing cost  
As aluminium is a relatively soft metal it is easy to mill, cut, drill, bend and punch in 
to shape in both a hot or cold state. Furthermore, the shaping doesn’t require a lot of 
energy compared to other materials, see figure 3.12. 

 

  Transportation cost  

The transportation costs are affected by where the material is delivered from, what 
type of transportation is used and in what form the material is delivered. It is also 
affected by the weight of the material as that effects the fuel consumption. The density, 
which relates to the weight, of the different materials can be seen in figure 4.13. And 
the estimated amount of transportation for products at the company, and the energy 
required for some of the compared materials can be seen in the ECO-audits in chapter  
4.5.   

 Results for Low Cost  
Aluminium is more expensive than low carbon steel when looking at the price per 
kilogram according to figure 4.15. In the price per volume perspective, seen in figure 
4.16, aluminium is more cost effective than low carbon steel. In the perspective of 
production costs, aluminium is cheaper than steel, when looking at the energy 
consumption, see figure 4.8. In the aspect of transportation costs aluminium is less 
fuel consuming then products made from steel, if the products are made from the same 
volume of material, since aluminium has lower density. The difference in energy 
consumption during transportation is not significant in comparisons to the other 
energy costs, as seen in figures 4.9, 4.10, 4.11 and 4.12.  

4.6.4.1 Analysis of the results for low cost  

In three of the four aspects aluminium is more cost effective than stainless steel. It is 
also currently more cost effective to use aluminium than carbon steel when looking at 
the volume cost. The cheapest materials in the comparison concerning the volume 
price were plywood and some types of pine.   

4.7 Using this report to identify when to use aluminum   
As mentioned in chapter 3.4, the following product types were selected as products to 
be considered for a potential change of material, either to or from or remain as 
aluminium.   

• Knobs/hooks/handles  

• Mirror and picture frames  

• Ornaments/candle holders  

• Chairs  

• Shelfs  

The first step was analysing the usage areas, general requirements regarding form, 
function, quality, sustainability and cost. The second was to compare those with the 
data gathered about aluminium. It was then possible to determine general situations 
where aluminium was a viable or non-viable material option. By looking at the 
different aspects of democratic design it is possible to deduce some general aspects 
that go for all the products. For instance, sustainability aspects such as not using more 
material then necessary, not mixing materials and creating products that have long life 
times,  more on this in chapter 5.   
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 Knobs/hooks/handles  

Usage areas: Knobs and hooks are used in all rooms in home environments, on all 
kinds of surfaces. Handles are generally used on/through doors.  

Forms: they come in all kinds of shapes and sizes, generally knobs and handles are 
ergonomically shaped, and hooks are hooked shaped.   

Functions: knobs and handles need to be graspable and withstand the forces from 
pulling them plus the weight and frictional force from the object they are attached to. 
Hooks generally need to withstand load forces.  

Quality: knobs and handles need to withstand the wear and tear from being grabbed 
and pulled and not react with perspiration, water, soaps, cleaning products etc. Hooks 
need to withstand the wear and tear of being loaded and unloaded.  

Sustainability: preferably knobs, handles and hooks can be reused and made from 
materials that will last for a long time. If they are made from only one material is easier 
to recycle.  

Cost: knobs, handles and hooks are sold in several different price ranges. It’s always 

preferable to be able to manufacture them with cost-effective methods.  

 Result for knobs/hooks/handles  

In the aspect of form, aluminium is a good choice of material as it can be shaped in any 
way, there are also several production methods and potential surface treatments 
available, see table 1, appendix E. In the aspect of function aluminium is a good choice 
as it will be able to withstand more forces then most other materials that have been 
compared, except for stainless- and low carbon steel, given the same dimensions, see 
figure 4.4 and 4.5. In the aspect of quality, it’s possible to see, in appendix D, that 
aluminium will be a good option regarding the quality requirements mentioned. In the 
aspect of sustainability aluminium is not a good option compared to the other 
materials, given the large amount of energy required to produce it. Though, a knob, 
handle or a hook made of aluminium would most likely be recycled or reused as it 
would not lose its functionality when demounting it (depending on how it is mounted). 
The cost of an aluminium hook compared to for instance a plastic hook is affected by 
the amount of material needed to achieve the same strength and what production 
method is used.   

Analysis for knobs/hooks/handles  

Knobs, handles and hooks should be made from aluminium, if the form that the 
product designer has decided on is slim and is to have a metallic look. The motivation 
is that it is a strong material that can achieve the same strength as a larger version 
made from for instance plastic or wood. It is also cheaper than stainless- and low 
carbon steel regarding volume, which means more products could be made for the 
same price, depending on which production method is used.   

Knobs, handles and hooks shouldn’t be made from aluminium if the form that the 
designers have decided on is large, as that would require more material, unless it is 
hollow. A larger hook, knob or handle could be made from cheaper materials and still 
attain the required strengths and durability aspects. 

 

   Mirror and picture frames  

 Usage areas: mirror and picture frames are often hung up and placed on shelves and 
other open surfaces. Their used in all type of room environments.   

Forms: they come in all kinds of shapes and sizes, but generally frames have some 
linear elements. They also come in several varying colours and with different surfaces.   
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Functions: generally, frames only need to withstand low weights from the framed 
object, its own weight and whatever transparent material that might be protecting the 
framed object. A low weight frame wouldn’t need as much hook strength as a heavy 
frame, which means that the mounting of the hook in the wall wouldn’t need to be as 
invasive. A lighter frame would also be preferable on shelves as it wouldn’t affect the 
load on the shelf as much.   
  

Quality: frames needs to withstand the environments that their hanging or standing 
in, which could be in any room in a home environment.   
  

Sustainability: preferably frames can be reused and made from materials that will last 
for a long time and use as little material as possible. If they are made from only one 
material is easier to recycle.  
  

Cost: frames are sold in several different price ranges. It’s preferable to be able to 
manufacture them with cost-effective methods.   

Results for mirror and picture frames  

In the aspect of form, aluminium is a good choice of material as it can be shaped in any 
way. A common method used when shaping aluminium is extrusion, which is 
exceptionally good when producing linear shapes, such as frame edges.  In the aspect 
of function aluminium is good choice as it will be able to remain in in good quality in 
all room environments, see appendix D. In the aspect of sustainability aluminium is 
not a good option compared to the other materials, given the large amount of energy 
required to produce it. Though, a frame made of aluminium would most likely be 
recycled or reused. The cost of an aluminium frame is a lot higher, compared to for 
instance one made out of wood, if they use the same dimensions. A frame made from 
aluminium could be a lot slimmer though, as it has higher mechanical strengths and it 
can be produced with extrusion which is a relatively cost-effective method.   

Analysis for mirror and picture frames  

Frames should be made from aluminium, if the form that the product designer has 
decided on is slim or hollow or if it is to have a metallic look. They shouldn’t be made 
from aluminium if the dimensions of the frame would require allot of material.  

 

  Ornaments/candle holders  

Usage areas: Ornaments/candle holders are often hung up and placed on shelves and 
other open surfaces. They’re used in all room environments.  

Forms: they come in all kinds of shapes and sizes and in several varying colours and 
with different surfaces.   
  

Functions: Ornaments generally only need to be ecstatically pleasing, while candle 
holders also need to hold candles in a stable and safe manner.   
  

Quality: Ornaments/candle holders needs to withstand the environments that their 
hanging or standing in, which could be in any room in a home environment. Candle 
holders also need to withstand stains from dripping candles. Flame resistance is also 
a positive aspect for candleholders but not a necessity.   
  

Sustainability: preferably ornaments/candle holders can be reused and made from 
materials that will last for a long time. The less material needed the less environmental 
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impact the ornaments or candle holders have. If they are made from only one material 
is easier to recycle.  
  

Cost: Ornaments/candle holders are sold in several different price ranges. It’s always 
preferable to be able to create them with cost-effective methods.   

Results for ornaments/candle holders  

Ornaments and candle holders made from aluminium would last for a long time, and 
can be shaped in to most forms. Aluminium has a high flame resistance and can 
withstand most home environments. The cost of the product would most likely be 
more than that of a wooden version, regarding volume price. A slim product, for 
instance one made out of wire, would not need as much material which would mean it 
can compete with the wooden product range regarding price.   

Analysis for ornaments/candle holders  

Ornaments and candle holders that are designed to be slim can be made from 
aluminium. Aluminium has the advantage of it being non-flammable, see appendix D, 
which means more options regarding form, compared to wood and plastic versions. 

 Chairs  

Usage areas: chairs are used on floors, balcony’s and terraces etc.   

Form: they come in all shapes and sizes and in several varying colours and with 
different surfaces. They have some sort of sitting area that needs to be shaped in an 
ergonomic way.  

Functions: withstand the weight and distribute the weight in a comfortable manner 
for the person sitting on it.   

Quality: need to withstand the wear and tear of users sitting and getting of the chair 
several times, and the environments it is placed in.   

Sustainability: The less material needed the less environmental impact and a chair 
made from only one material is easier to recycle.  

Cost: Chairs come in all price ranges. It’s always preferable to be able to create them 
with cost-effective methods.   

Results for chairs  

Chairs can be made from aluminium, there are several versions currently on the 
market and they are generally designed with slim legs and backs. The positive aspects 
of using aluminium for chairs are the lightness of the material, which makes the chair 
easier to move around. Also the strength and durability of the material, see appendix 
D and figures 4.4 and 4.5. The down side of using aluminium is the material cost and 
the environmental impact from the energy required when producing it. The design 
could be made using low material volumes and the material used could be from recycle 
plats, which would reduce the environmental impact.  

  Analysis for chairs  

Chairs that are designed to be slim, and light weight can be made from aluminium. 
Chairs that are to be used outdoors could benefit from being made of aluminium, 
regarding the longevity and durability of the product. 

 

   Shelfs  

Usage areas: shelfs are either mounted on walls or self-standing, or hanging. Their 
used in all room environments.  
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Form: they come in all shapes and sizes and in several varying colours and with 
different surfaces. They have some sort of standing or hanging features.  

Functions: withstand loads.  

Quality: need to withstand the wear and tear of things being placed on and taken of 
the surface, and the environments it is placed in.   

Sustainability: The less material needed the less environmental impact and a shelf 
made from only one material is easier to recycle. The fewer production steps needed 
the less energy is required.  

Cost: shelfs come in all price ranges. It’s always preferable to be able to create them 

with cost-effective methods. Fewer production steps reduces the costs. Results for 

shelfs  

As seen in figure 4.4 and 4.5 there are several versions of aluminium that has high 
mechanical strengths. A shelf made out of light weight material, like aluminium, 
doesn’t contribute as much to the loads on the hanging arrangement. A shelf made out 
of aluminium might get scratched, though it is still more scratch resistant than 
nontreated woods and plastic surface and an aluminium shelf could be anodized witch 
doesn’t reduce its recyclability.   

An example of what an aluminium shelf developed using this report could look like can 
be seen in figure 4.17 and 4.18. The shape of the shelf is done in a way that uses little 
material, few energy consuming production steps, follows a minimalistic form/design 
and has good functionality as it allows for things to both stand on and hang 
underneath. The second version of shelf has a slim shape which allows more room 
underneath, compared to some of the thicker wall mounted shelfs sold at the company 
today. The quality of the product depends on how advanced anodizing and surface 
treatment one chooses to apply. The production steps recommended for this type of 
shelf would be extrusion, anodizing, cutting drilling and milling and then potentially 
adding a hydrophobic surface treatment so it would be easier to clean. A product like 
this would be 100% recyclable since it would be made out of just one material/alloy. A 
few other versions that could also be motivated using this report would have stickers 
on the backside instead or along with the screw holes. The sticker could be used to 
fasten the shelf on a tiled wall in bathrooms, which would reduce the difficulty of 
mounting them, since the customers wouldn’t need to drill holes in the tiles.   



Findings and analysis  

42  

  

 

Fig. 4:17 An example of an extruded anodized aluminium shelf with a coat  hanger 
bar.  
  

  

 

  Fig. 4:18 An example of an extruded anodized aluminium shelf.  
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Analysis of shelfs  

Shelfs made from aluminium would be light and durable They would also be cost 
effective since the design is slim and doesn’t require a lot of material and the number 
of production steps would be few.  
  

   

   



 

 

Discussion and conclusions  

5 Discussion and conclusions  

In this chapter a discussion of method and findings are given and then a conclusion 
and some suggestions for future work. The first part concerns the method and how the 
report has been done. The second part consists of a discussion for each part of the 
democratic design and the findings from the comparisons and analysis of those. The 
third part is about what conclusions have been drawn. And the final part of this chapter 
discusses potential future work.   

5.1 Discussion of method  
Determining what aspects should be compared and which ones that could be 
considered relevant to democratic design was done by comparing two lists, the 
democratic design and a list from Sapas handbook [10]. The comparison was effective 
and it gave a clearer view of what needed to be done. It was also limiting as there are 
still a lot of aspects of other materials that are relevant to democratic design that have 
not been taken in to consideration due to the limitations. For instance, the number of 
colours available for the different materials. By creating figure 4.1 the general idea for 
how the research would be done was crafted and then executed. The comparisons that 
have been made have been discussed with the representatives from the company and 
some were removed and others were clarified to satisfy their requirements.   
  

In this study the main source of data used for comparisons between different choices 
of materials, was gathered from a computer program called CES-EduPack. It was 
determined that this would be the most effective way, via a discussion with the 
company representatives and the researcher. The motivation for using the program 
was that it has been part of the researcher’s experience. It also didn’t require a lot of 
data gathering for all the separate materials, since the program included most of the 
relevant data. The absent need to gather data on all the materials allowed for a more 
focused research on aluminium and how it corresponded to democratic design.   
  

As democratic design is a concept that is mainly used at the company and this study 
was done at their request most data regarding democratic design was gathered from 
the company itself. The visit to the museum, where visitors can read about and study 
the entire history and process of the company, also gave insight in democratic design. 
The museum also had a lot of information concerning the material choices that the 
company had done in the past and what they based them on. That information was 
compared to the data gathered and shown in figure 4.1. The conclusion of that 
comparison was that the company has had a long history of choosing materials that are 
as cost-efficient as possible, and achieve good ratings regarding sustainability. That 
conclusion corresponded to one of the graphs shown at the company’s information wall 
where it was indicated that low cost is the most prioritized aspect of democratic design, 
in both the aspect of exceeding and exciting.   
  

The resulting graphs from the CES-EduPack comparisons were analysed and discussed 
with the company representatives. This led to some updates and adjustments as there 
had been some parts that weren’t considered correct from their perspective. The 
updated versions are the ones present in this report. From these graphs and tables it 
has been possible to discuss and in some respects, determine where aluminium should 
and should not be used, in a home environment. The places in a home environment 
where aluminium shouldn’t be used were determined by looking at the graphs where 
aluminium had a lower rating than other available materials. The opposite was done to 
determine where it should be used. By both discussing with company representatives 
and comparing the graphs to certain areas in homes the conclusions drawn answered 
the second research question to a satisfactory degree.   
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The strengths of doing all the comparisons in CES-EduPack are that the data is 
gathered from the same unbiased source and the comparisons can be done and re done 
efficiently. The results are reliable as the compared data is generally gathered from 
unbiased sources. The drawbacks of doing the comparisons in CES-EduPack are that 
it wasn’t possible to compare for instance the cost of recycled aluminium verses new 
steel.   
  

The parts that worked well in this research thesis was the comparisons of the materials 
and the identifications of areas where aluminium excel. Things that could have been 
done better include more communication between the researcher and the company, 
more discussion on what aspects in homes that could affect a product made from 
aluminium and more research on the true costs of aluminium products. It was also 
difficult for the research to stay non- bias toward aluminium as several of the books 
about aluminium that were read were written in strong favour towards it. The first set 
of graphs produced also showed strong indications on aluminium’s superiority towards 
other materials used at the company.   
  

The validity and reliability of this thesis is deemed to be strong as it is mainly based of 
a program that is in turned based on reliable resources. It is done in a way that allows 
some of the most commonly used materials, at the company, to show their strength 
and weaknesses.   
  

Both aluminium and democratic design have a lot of characteristics, to explore all of 
them in detail would take a lot of time. The focus of this report was therefore based on 
things that could affect or be affected by the choice of materials that are relevant in a 
home environment.   

5.2 Discussion of findings  

The two research questions that this study was based on were:  

1. What are the characteristics that define the different focus areas of Democratic 
Design and how do aluminium correspond to these characteristics?  

2. Which of the company’s current and future product types, used in a home 
environment, should be made from aluminium?  

The first part of the first questions was answered with an interview and a visit to a 
museum about the company, as mentioned in chapter 3.1. The second part of the first 
question was partly answered with the mind map, as mentioned in chapter 3.2 and 
seen in figure 4.1. The answer was then defined in more detail via the comparisons 
done in CES-EduPack.    

5.2.1.1 Primary conclusion about aluminium’s correlation to form:   

The resulting numbers from the different tables in appendix E, from CES EduPack 
2017, shows that aluminium has the most available methods of production. It also has 
the highest rating for machinability and it has a lot of available surface treatments. The 
number of surface treatments available for aluminium indicates that it can be coloured 

in almost any coloured, depending on the method used.    Function  

Aluminium is a relatively strong light weight metal, which means it needs less mass 
then most other metals to achieve the same minimum strength needed for the 
construction.  This allows for potential lightweight products that can look as solid as 
for instance steel, yet weigh less. A summary of the aspects of aluminium that were 
deemed relevant to function can be seen in figure 5.1.   
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5.2.2.1 Primary conclusion about aluminium’s correlation to function  

Steel is the superior material when looking at the mechanical properties, as it achieved 
higher values in the comparisons seen in figures 4.4 and 4.5. It also achieved the same 
result as aluminium regarding flammability. A comparison between the different 
groups of materials, polymers, natural and metals, shows that the metals are superior 
in all the compared aspects regarding mechanical properties.   

Both steel and aluminium can be used for functions that require higher strength and 
durability than those available in both natural materials and polymers. This is only true 
as far as looking at the mechanical properties and differ in the aspect of strength to 
weight ratio.   

 Quality  
A materials effect on a products quality is in direct correlation to how well the material 
ages under different circumstances. A summary of the aspects of aluminium that were 
deemed relevant to quality can be seen in figure 5.2.  
  

 

5.2.3.1 Primary conclusion about aluminium’s correlation to quality  

Al three types of aluminium that have been compared are excellent at withstanding: 
water (fresh), soils, acidic (peat), soils, alkaline (clay), wine, amyl acetate, benzene, 
carbon tetrachloride, chloroform, crude oil, diesel oil, lubricating oil, paraffin oil 
(kerosene), petrol (gasoline), silicone fluids, toluene, turpentine, vegetable oils 
(general) , white spirit, acetaldehyde, acetone, ethylene glycol, formaldehyde (40%), o2 
(oxygen gas), industrial atmosphere, rural atmosphere, marine atmosphere, 
UVradiation (sunlight), flames, cryogenic temperatures. And Non-age hardening 
aluminium is excellent at withstanding glycerol.  

Al three types of aluminium that have been compared have an acceptable rating at 
withstanding: Water (salt), Citric acid (10%), Ethyl alcohol (ethanol), Sulphur dioxide 

I mpermeable to water, gases ,  
odours,   bacteria and light   

Fig. 5: 2   Summary of th e aspects of aluminium, found in Sapas handbook, that  
relate to Quality   

Longevity    

Quality   

Corrosion  
resistance   

Increased with  
anodizing   
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(gas), Tolerance up to 150Co .Non-age hardening aluminium and cast aluminium alloys 
also have an acceptable rating on resistance to nitric acid (70%) and age-hardening 
aluminium has an acceptable rating to hydrochloric acid (10%).  

Al three types of aluminium, that have been compared, are recommended to only be 
limitedly used in contact with: acetic acid (10%), nitric acid (10%), chlorine gas (dry). 
For more comparisons , see appendix D.   

 Sustainability  
A summary of the aspects of aluminium that were deemed relevant to sustainability 
can be seen in figure 5.3. To analyse the sustainability aspects of Aluminium regarding 
democratic design the company’s sustainability questions have been applied to the 
material in general.  
  

 

  

• Is the product made from renewable materials?  

Aluminium is not considered a renewable material, it is how ever available in large 
quantities, as it makes up approximately 8% of the earth’s crust.   

  

• Is the product made from recycled materials?  
Aluminium is easily recycled and a lot of aluminium products can be produced out of 
100% recycled aluminium. [4] On average 33-55% of aluminium in production consist 
of recycled aluminium. [6]  
  

• Is the product made in a way that attains more from less?  

When quarrying for and producing aluminium there is a lot of material that is not 
aluminium that needs to be removed which means that there is just a little being 
produced from a lot. Aluminium is recyclable, many times over, so once it has been 
made in to aluminium it can be made in to several different products along the 
aluminium’s lifecycle. Aluminium is also lighter than most other metals, which in the 
perspective of mass means that it is possible to produce more products per kilogram of 
aluminium then compared to for instance steel. [4]  
  

• Is the product made from an environmentally better material? 
Aluminium is better than for instance steel in the perspective of energy 
consumption needed to transport the same volume of material. It also has a 
higher recyclability rate than many types of wood. [4] When producing new 
aluminium it needs more energy than all the other compared materials and 
produces more CO2 emissions, se chapter  

4.5.2.   
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• Is the product made from separable & recyclable material? 
Aluminium can be used together with a lot of other materials, especially if it 
has been anodized, and it is relatively simple to separate aluminium from 
other metals as it is non-magnetic.  The property of it being nonmagnetic can 
be exploited when separating it from other metals by melting the metals and 
then extracting the magnetic substances via magnets while the aluminium 
remains.   

  

• Is the product made with high quality?  
Aluminium products can be made with high quality, and have long lifetimes as it is, 
for instance, highly unlikely for aluminium products to start to corrode in most 
environments.   
  

• Is the product made in a way that allows for high transport 
efficiency (number of products per container)?  

It is a light weight material, and it is possible to create thin products out of it which 
means it can be shaped in ways that allow for many products per container. The low 
weight also makes it less fuel consuming for transports.  
  

• Is the product made using an energy efficient production method? 
Compared to steel aluminium requires less energy when shaping it as it melts 
and bends at lower temperatures. The most energy consuming process in the 
aluminium life cycle is the electrolysis process used when refining it from the 
naturally found bauxite compounds. Once it has been refined it can be 
reshaped for approximately 5% of the original energy needed in the 
electrolysis.   

  

• Is the production method used using renewable energy?  

It could be, there are a lot of country’s that produce aluminium that have access to 
renewable energy. [4]  
  

• How well are the suppliers utilizing the raw material for the 
product?  

The process of creating aluminium from the natural available compounds leaves a red 
sludge that can be reused as soil at the quarry where it was taken and thereby resetting 
the nature to its previous state. [4] As aluminium is such a recyclable material a lot of 
factories takes great measures to insure it is recycled. [9]   
  

• Dose the product promote less use of water and energy and less 
waste in customer homes?  

The physical energy needed to move a product made of aluminium instead of steel is 
less, sins it has a lower wait. Furthermore, aluminium has good heat conduction which 
means it can transfer heat in to water faster than for instance steel, if it is used in 
cooking utensils. Presumably people are keener to recycle products made out of metal 
than wood, since people are more aware of the values of metals, which means the 
product won’t become waste.   

5.2.4.1 Primary conclusion about aluminium’s correlation to Sustainability  

Aluminium is one of many recyclable materials. It requires a lot of water and energy, 
when it is produced, compared to the other materials. New aluminium is also the 
highest contributor to CO2 emissions of the compared materials. Its low weight does 
not affect the overall CO2 emissions and energy consumption on a grand scale, 
according to the eco audits.   

 Low price  
The cost of a material is generated by a lot of different aspects. The aspects that were 
deemed relevant and comparable were the ones mentioned in figure 4.1 and again here 
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in figure 5.4. The materials role in transportation costs is due to its weight and its 
accessibility.   
  

 

5.2.5.1 Primary conclusion about aluminium’s correlation to Low cost  

In three of the four aspects aluminium is more cost effective than stainless steel. It is 
more cost effective to buy aluminium when looking at the volume cost. The cheapest 
materials in the comparison concerning the volume price was plywood and some types 
of pine.   

 Summary:   

The conclusion of these analysis is that aluminium is the most functional material. And 
the fifth most qualitative of the compared materials, according to the average numbers 
in appendix D. It has the highest number of different types of production methods 
available and it is more cost-effective than both the types of steel, in the cost per volume 
ratio. Although it is a lot more expensive than some of the other compared materials. 
In terms of sustainability aluminium gets a low rating in the aspects of CO2 and energy 
usage, but it does have great recyclability. Furthermore, it got a reasonably high rating 
on the company’s sustainability questions.    

5.3 Conclusions  
Aluminium should be the choice of material for products that require high loads and 
good durability in outdoor environments. That statement is motivated by the fact that 
aluminium is more cost effective, per volume, than the other materials that could 
maintain the same loads and have the same durability in outdoor environments. It is 
also a superior choice in the aspect of number of shapes and potential production 
methods that could be used and surface treatments available. Products that are 
designed to look slim and still have good mechanical strength should be made out of 
aluminium.   
  

Aluminium should not be used for products that are to go in to washing machines, 
unless it has had a surface treatment. Because the PH-value of most washing tablets is 
too high. The same goes for products used in washing machines, as some detergents 
also have to high PH-values. Products that are not supposed to be slim, and instead 
have high mass, should be made from cheaper materials such as wood and plastic.  
  

Since the price for aluminium is not fixed and change in a faster rate than that of steel, 
it should generally not be used for products that are to remain on the market for a long 
time. As evidence of that, when the writing of this report first began both the price per 
kilo and volume were higher for aluminium compared to carbon steel. And now it is 
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cheaper to buy the same volume of aluminium as carbon steel. In some situations it is 
better to invest in steel products that are to be produced during a long period of time 
and be relatively certain that the price will stay the same. Instead of using aluminium 
that may be cheaper when the production begins and then go up in price. A suggestion 
is to create casting moulds that work for both aluminium and carbon steel, so that the 
mould can be used for which ever material is currently cheaper.   
  

On average aluminium products will be of higher quality in regards to durability than 
carbon steel.  
  

5.4 Future work  
Repeat the process on other materials, to identify where they could and should be used 
in a home environment.  Analyse more products to identify more situations where 
aluminium should and shouldn’t be used.  Identify what aspects are changed when 
performing different surface treatments to aluminium.  For instance will it become 
more durable against acids and alkaline substances?   
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A. Transport distance values used in the eco audit  
FOR ALUMINIUM, STAINLESS STEEL, LOW CARBON STEEL AND POLYPROPYLENE (PP)  

Stage name  Transport type  
Distance (km)  

Mine to harbour  Sea freight  1e+03  

From harbour to factory   32 tonne truck  2,5e+02  

Factory to stores  32 tonne truck  1e+02  

Total    1,4e+03  

  

FOR PLYWOOD.  

Stage name  Transport type  
Distance (km)  

Forrest to factory  32 tonne truck  2,5e+02  

Factory to stores  32 tonne truck  1e+04  

Total    2,1e+05  

  

      



Appendices  

  

54  

  

B. Compostion of the different materials used in the 

comparissons  
Age-hardening wrought Al-alloys  
2000 series: Al + 2 to 6% Cu + Fe, Mn, Zn and sometimes Zr  

6000 series: Al + up to 1.2%Mg + 0.25% Zn + Si, Fe and Mn  

7000 series: Al + 4 to 9 % Zn + 1 to 3% Mg + Si, Fe, Cu and occasionally Zr and Ag  

Cast Al-alloys  
Al + 5 - 22% Si, sometimes with some Cu, Mg or Zn to allow age hardening  

Non age-hardening wrought Al-alloys  
1000 series: 99% Al, some with a little Si  

3000 series: Al + 0.3 to 1.5% Mn + Cu, Mg, Si and Fe 5000 series: Al + 0.5 to 5.5% Mg 
+ Mn, Si, Fe and Zn  
8000 series: Al + Sn, Ni, Si, Fe  

Stainless steel  
Fe/<0.25C/16 - 30Cr/3.5 - 37Ni/<10Mn + Si,P,S (+N for 200 series)  

Low carbon steel  
Fe/0.02 - 0.3C  

Bamboo  
Cellulose/Hemicellulose/Lignin/12% H2O  

Plywood  
Cellulose/Hemicellulose/Lignin/12%H2O/Adhesive  

Pine  
Cellulose/Hemicellulose/Lignin/12%H2O  

Oak  
Cellulose/Hemicellulose/Lignin/12%H2O  

PET  
(CO-(C6H4)-CO-O-(CH2)2-O)n  

PP  
(CH2-CH(CH3))n  

PMMA  
(CH2-C(CH3)COOCH3)n  

ABS  
Block terpolymer of acrylonitrile (15-35%), butadiene (5-30%), and styrene (40-60%).  

Polycarbonate (PC)  
(O-(C6H4)-C(CH3)2-(C6H4)-CO)n  

  

 [6]  

C. Numerical results from Eco-audit  
1 m3 of the different materials gave:  

  

Aluminium  
Energy (MJ) 3,94e+05  

CO2 Footprint (kg) 2,53e+04  

  

Stainless steel  
Energy (MJ) 6,11e+05  

CO2 Footprint (kg) 3,91e+04  

  

Low carbon steel  
Energy (MJ) 1,89e+03  

CO2 Footprint (kg) 1,35e+04  
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Polypropylene  
Energy (MJ) 7,77e+04  

CO2 Footprint (kg) 3,25e+03  

  

Plywood  
Energy (MJ) 2,13e+04  

CO2 Footprint (kg) 1,17e+03  

  

  

The results from doing a eco audit on the amount of material to sustain the same 
amount of force as a stainless-steel version of a product could withstand gave the 
following results:  
  

Aluminium  
Energy (MJ) 7,29+04  

CO2 Footprint (kg) 4,68e+3  

  

Stainless steel  
Energy (MJ) 7,55e+04  

CO2 Footprint (kg) 4,83e+03  

  

Low carbon steel  
Energy (MJ) 2,88e+04  

CO2 Footprint (kg) 2,05e+03  

  

Polypropylene  
Energy (MJ) 1,73e+05  

CO2 Footprint (kg) 7,22e+03  

  

Plywood  
Energy (MJ) 4.52e+04  

CO2 Footprint (kg) 2,48e+03  

  

Excellent: 4  

Acceptable: 3  

Limited use: 2  

Unacceptable: 1  

 

  

  

 

 

 

 

 

 

   
Durability: water and aqueous solutions                                           
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D. Numerical durabilitry of all the compared materials.  

  

  

  

  

Excellent: 4  

Acceptable: 3  

Limited use: 2  

Unacceptable: 1  

 

 

 

  

 

 

 

 

 

 

 
  

Durability: fuels, oils and solvents          

    

  

    

        

    

            

Amyl acetate  4  4  4  3  4  2  2  2  2  1  2  1  4  4  

Benzene  4  4  4  3  4  2  2  2  2  1  4  1  2  1  

Water (fresh)  4  4  4  4  3  3  3  3  3  4  4  4  4  4  

Water (salt)  3  3  3  4  2  3  3  3  3  4  4  4  4  4  

Soils, acidic (peat)  1  1  1  4  3  3  2  3  3  4  3  4  4  4  

Soils, alkaline (clay)  4  4  4  4  3  2  1  2  2  4  2  4  4  4  

Wine  4  4  4  4  1  3  3  3  3  4  4  4  4  4  

Durability: acids                                            

Acetic acid (10%)   2  2  2  4  2  3  2  3  3  4  3  4  4  4  

Acetic acid (glacial)  1  1  1  4  1  3  2  2  2  1  4  1  4  4  

Citric acid (10%)   3  3  3  4  1  3  2  3  3  4  4  4  4  4  

Hydrochloric acid (10%)   3  2  2  4  1  4  2  4  4  4  4  4  4  4  

Hydrochloric acid (36%)   1  1  1  2  1  1  1  1  2  2  2  4  4  4  

Hydrofluoric acid (40%)   1  1  1  2  1  1  1  1  2  2  2  1  4  3  

Nitric acid (10%)   2  2  2  4  1  3  2  3  3  4  4  4  4  4  

Nitric acid (70%)   2  3  3  2  1  1  1  1  1  1  1  1  4  4  

Phosphoric acid (10%)   1  1  1  4  1  3  2  3  3  4  4  2  4  4  

Phosphoric acid (85%)   1  1  1  4  1  1  1  1  1  4  3  1  4  4  

Sulfuric acid (10%)   1  2  2  3  1  3  2  3  3  4  4  1  4  4  

Sulfuric acid (70%)   1  1  1  2  1  1  1  1  1  4  2  1  4  4  

Durability: alkalis                                            

Sodium hydroxide (10%)  1  1  1  4  4  1  1  1  1  4  2  4  4  4  

Sodium hydroxide (60%)  1  1  1  4  3  1  1  1  1  4  1  4  4  2  
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Carbon tetrachloride  4  4  4  4  4  2  2  2  2  1  4  2  2  4  

Chloroform  4  4  4  4  4  2  2  2  2  1  4  1  2  1  

Crude oil  4  4  4  4  4  2  2  2  2  4  3  3  3  2  

Diesel oil  4  4  4  4  4  3  3  3  3  4  4  4  4  3  

Lubricating oil  4  4  4  4  4  3  3  3  3  4  4  4  4  4  

Paraffin oil (kerosene)  4  4  4  4  4  3  3  3  3  4  4  3  4  4  

Petrol (gasoline)  4  4  4  4  4  3  3  3  3  4  4  4  4  4  

Silicone fluids  4  4  4  3  4  3  3  3  3  4  3  2  4  4  

Toluene  4  4  4  4  4  3  3  3  3  1  2  1  4  1  

Turpentine  4  4  4  3  4  4  3  3  4  1  2  1  1  4  

Vegetable oils (general)  4  4  4  4  4  3  3  3  3  4  4  4  3  4  

White spirit  4  4  4  4  4  3  3  3  3  4  3  4  4  4  

Durability: alcohols, aldehydes,  

ketones        

  

    

  

          

  

             
   

Acetaldehyde  4  4  4  4  2  3  3  3  3  1  4  1  4  1  

Acetone  4  4  4  4  4  2  2  2  2  1  2  1  4  1  

Ethyl alcohol (ethanol)  3  3  3  4  3  3  3  3  3  1  4  2  4  4  

Ethylene glycol  4  4  4  3  3  3  3  3  3  4  4  2  4  4  

Formaldehyde (40%)  4  4  4  3  1  3  3  3  3  4  4  4  4  4  

Glycerol  2  2  4  4  4  3  3  3  3  4  4  4  4  4  

Methyl alcohol (methanol)  3  3  3  4  3  3  3  3  3  1  4  1  4  4  
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Excellent: 4  

Acceptable: 3  

Limited use: 2  

Unacceptable: 1  

 

 

 

 

Durability: halogens and gases  

                 

               

          

Chlorine gas (dry)  2  2  2  4  3  1  1  1  1  1  4  2  1  1  

Fluorine (gas)  1  1  1  4  4  1  1  1  1  4  1  1  1  1  

O2 (oxygen gas)  4  4  4  4  2  1  1  1  1  1  1  1  1  1  

Sulphur dioxide (gas)  3  3  3  4  3  2  2  2  3  1  4  4  4  2  

Durability: built environments  

                 

               

          

Industrial atmosphere  4  4  4  4  2  2  2  2  2  3  4  3  4  3  

Rural atmosphere  4  4  4  4  3  3  3  3  3  4  4  4  4  3  

Marine atmosphere  4  4  4  4  2  3  3  3  3  4  4  4  4  3  

UV radiation (sunlight)  4  4  4  4  4  3  3  3  3  1  3  3  1  3  

Durability: flammability, 4: 

nonflammable, 3: self-extinguishing, 2:  

Slow burning, 1: Highly flammable  

   

                 

               

       

Flammability   4  4  4  4  4  1  1  1  1  1  1  1  1  2  

Durability: thermal environments  

                 

               

          

Tolerance to cryogenic temperatures  4  4  4  4  1  3  2  3  3  1  1  1  1  1  

Tolerance up to 150 C (302 F)  3  3  3  4  4  3  3  3  3  3  3  3  3  3  

Tolerance up to 250 C (482 F)  1  1  1  4  4  1  1  1  1  1  1  1  1  1  
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E. Production methods and surfacetreatments  
Table 1  Production methods available in CES-EduPack and what types of 
materials that can be produced with them.  

 

   

 

Metalsnon 

ferrous 

 
Metals  
ferrous 

 

Natural 

 

Polymers  

  

Composites  

  

Additive manufacturing                 

3D ceramic-mold prototyping   X  X        

3D printing        X    

Binder printing   X  X           

Ballistic particle (obsolete)        X    

Fused deposition        X    

Laser powder forming  X  X        

Mask projection stereo lithography  X  X    X    

Stereolithographic  X  X    X    

Selective laser melting  X  X        

Selective laser sintering  X  X    X    

Electron beam melting  X  X        

Solid ground curing (obsolete)        X    

Deposition-based prototyping           X     

Laminated object manufacture      X      

Ultrasonic consolidation  X  X        

Laser-based prototyping  X  X     X     

Casting                 

Gravity die casting  X          

High pressure die casting  X              

Low pressure die casting  X             

Investment casting  X  X        

Ceramic shell evaporative mold 

casting  

X  X        

Tolerance up to 450 C (842 F)  1  1  1  4  3  1  1  1  1  1  1  1  1  1  

Tolerance up to 850 C (1562 F)  1  1  1  4  1  1  1  1  1  1  1  1  1  1  

Tolerance above 850 C (1562 F)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  

Total score:  

                 

               

          

Total score  158  159  161  202  149  128  116  126  130  148  164  137  178  166  

Average  2,87  2,89  2,92  3,67  2,7  2,32  2,1  2,29  2,36  2,69  2,98  2,49  3,23  3  
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Evaporative pattern sand casting  X  X        

Low pressure sand casting  X          

Sand casting  X  X           

Composite forming                 

Autoclave molding          X  

BMC (DMC) molding          X  

Filament winding              X  

Lay-Up methods              X  

Pultrusion              X  

Resin transfer molding (RTM)              X  

Vacuum assisted RTM          X  

Vacuum and pressure bag molding              X  

SMC molding          X  

Deformation                 

Extrusion  X              

Forging  X  X           

Rolling  X  X           

Swaging  X  X        

Sheet forming  X  X           

Sheet stamping, drawing and 

blanking  

X  X           

Spinning  X  X        

Machining                 

Band sawing  X  X  X  X  X  

Circular sawing  X  X  X  X  X  

Cropping and guillotining            

Drilling  X  X  X  X  X  

Machining  X  X  X  X  X  

Flame cutting  X  X        

Grinding  X  X        

Milling  X  X    X    

Punching, perforating, blanking and 

nibbling  X  X    X    

Shaping and planning  X  X  X  X    

Turning/boring/parting  X  X  X  X    

Abrasive jet machining and cutting  X  X  X  X    

Electric discharge wire cutting  X  X        

Electro-discharge machining  X  X        
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Laser cutting  X  X  X  X  X  

Water-jet cutting  X  X  X  X  X  

Molding                 

Blow molding           X     

Compression molding           X     

Injection molding           X     

Polymer extrusion           X     

Resin casting           X     

Rotational molding           X     

Thermoforming           X     

Powder methods                 

Powder injection molding  X  X           

Pressing and sintering  X  X           

  

  

Table 2 Surface treatments available in CES-EduPack and what types of materials 
that can be treated.  

  

Metals  

non 

ferrous  

Metals  
ferrous  

  
Natural  

  

Polymers  

  

Composites  

  

Heat treatments                 

Carburizing and carbonitriding    X        

Induction and flame hardening    X        

Laser hardening  X  X        

Nitriding    X        

Painting and printing                 

Cubic printing  X  X  X  X  X  

Electrophoretic and autophoretic 

painting  X  X        

Hot stamping      X  X  X  

In-mold decoration (IMD)        X    

Organic solvent-based painting  X  X  X  X  X  

Pad printing  X  X  X  X  X  

Silk screen printing  X  X  X  X  X  

Vitreous enamelling  X  X    X    

Water-based painting  X  X  X  X  X  

Polish/etching/working/texturing                 

Chemical polishing  X  X        

Electro-polishing  X  X        
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Etching  X  X  X  X  X  

Grinding and mechanical polishing  X  X  X  X  X  

Texturing  X  X  X  X  X  

Surface coatings                 

Anodizing  X          

Electroless plating  X  X    X    

Electroplating  X  X    X    

Hot dip coating (Galvanizing)    X        

Metal flame spray  X  X        

Polymer powder coating  X  X  X    X  

Vapor metallizing  X  X   X  X  

  

  

  


