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SAMMANFATTNING 
Kungliga Tekniska Högskolan (KTH) innehar omfattande kunskap, forskning och utbildning 
inom hållbarhet och vill idag vara identifierade med att jobba för miljön. Idag finns ingen 
optimal lösning som uppmuntrar till hållbar sophantering. På uppdrag av Green Leap och som 
en del av projektet Zero Emssion Capus Lab togs ett nytt sopsorterings system anpassat till 
KTHs behov fram. 

Befintliga lösningar och möjligheter undersöktes genom användarstudier innefattande miljön 
på KTH, och sophanteringen på KTH samt kulturella, sociala och psykologiska aspekter på 
återvinning. Ett koncept utvecklades och användartester samt vidareutveckling genomfördes. 
Det nya systemet analyserades även utifrån dess miljöpåverkan utifall det genomförs.  

Det nya sopsorteringssystemet är enkelt, användarvänligt och igenkännbart som vid 
tillämpning kommer att uppmuntra återvinning samt förstärka KTH:s varumärke att vara ett 
hållbart campus. Systemet består av interaktiva sopbehållare anpassade till KTH:s behov och 
möjligheter, en kommunikationsplan som upplyser om det miljöarbete som pågår på KTH i 
samband med återvinning och en organisations- och hanteringsordning for att se till att 
systemet ska fungera.  

Generellt finns en positiv attityd till återvinning men misstro i att andra gör som de ska gör att 
ens egna insatser anses överflödiga. Återvinning på KTH måste bli ett livsstil for att det nya 
systemet ska fungera. Det är ytterst viktigt att det nya systemet är enklt att använda och 
effektivt. Genom att kombinera resultat, mål och vinster med grupptryck och livsstil kan 
beteendet påverkas och synen på KTH som ett grönt campus förstärkas. För att systemet ska 
lyckas, måste det vara trogivande och inga flaskhalsar får finnas under sophanteringen. 
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ABSTRACT 
Royal Institute of Technology (KTH) has extensive knowledge, research and education in 
sustainability and wish to have an identity and brand associated with thorough work for the 
environment. Currently there is no optimal existing solution that encourages sustainable waste 
management. On behalf of Green Leap and as part of the Zero Emission Campus Lab project, a 
new waste management system adapted to the needs of KTH was developed  

Existing issues and opportunities were investigated through user research focusing on the 
environment of KTH, the waste management of KTH, cultural, societal and psychological aspects 
of recycling. Based on the research, a concept was developed. User tests were made and further 
embodiment of the concept to ensure its feasibility. An analysis of the system was made regarding 
the environmental impacts of implementing it.  

The solution is a user friendly, simple and recognizable waste management system that when 
implemented will encourage recycling and identify KTH as a green campus. It consists of new 
containers adapted to the recycling needs of KTH, a communication concept informing of the 
work being made and a management plan to make sure that the new system will work. 

A positive attitude towards recycling exists but due to mistrust in the efforts of others the personal 
commitment was left to believe to have little impact on the recycling. Recycling at KTH must 
become a lifestyle to make a new system work. It is crucial that the system is simple to use and 
efficient. To combine results, gains and goals with social pressure and lifestyle will affect not only 
the behavior but also the belief in KTH as a green campus.  In order to succeed, the system must 
be trustworthy and contain no bottlenecks along the way of the waste handling.  
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INTRODUCTION 
The last 20 years have seen radical changes in the realm of waste management in Sweden. 
Not only do landfills no longer contain household or combustible waste but recycling, 
combustion and biological treatments have increased. Today, the word waste management 
does not only refer to the handling of waste but also to new utilities that are produced such as 
heat, electricity as well as new materials that can replace less sustainable products.  

Royal Institute of Technology (KTH) has extensive knowledge, research and education in 
sustainability and is aiming to take a lead in addressing global challenges. Today each 
department at KTH has their own way of managing their waste handling and recycling which 
is both confusing and hard to manage centrally. Currently there is no optimal existing solution 
that encourages sustainable waste management. KTH wishes to have an identity and brand 
associated with thorough work for the environment and sustainable development. These goals 
were created as a part of the project Zero Emission Campus Lab by Green Leap for KTH. The 
purpose of the project is to make KTH a “zero emission” campus i.e. to make all energy come 
from renewable sources and provide examples of sustainable solutions. This will be 
implemented by making the campus area a living lab where sustainable solutions are 
visualized, accessible and sources for inspiration.  

In accordance to the goals of Zero Emission Campus Lab and the vision of KTH, a fully 
functional waste management system is demanded to reduce the environmental impact of 
KTH as well as to set an example to visitors and other institutions. The purpose of this project 
is to create such a waste management system for KTH on behalf of Green Leap and KTH.   

By identifying current issues, strengths and opportunities an understanding of the problem 
was gained. Cultural studies were made in order to understand the users from a behavioral and 
societal point of view. The gathered information generated a final solution; a user friendly, 
simple and recognizable waste management system that when implemented will encourage 
recycling and identify KTH as a green campus. 

The aim of the project was to develop a feasible and effective waste management and 
recycling system as well as to strengthen KTH’s identity as an environmental conscious 
univeristy. Limitations were however set due to the time frame of the project. The waste 
management and recycling system was to mainly focus on the most commonly occurring 
waste at KTH as chemical waste and waste from workshops require bigger facilitation 
possibilities and special handling. Also, no fundamental issues were found regarding the 
handling of this type of waste. The system was also to be developed mainly for indoor use. 
This was due to the fact that KTH is only responsible for the waste handling in their facilities 
and Akademiska Hus is responsible for the household waste produced over the entire campus. 
No further investigation on how to optimize the waste handling after the waste is picked up at 
KTH was conducted since SITA would remain as the recycling company due to them already 
having a contract with KTH. In order to analyze the environmental benefits of the system, 
assumptions and simplifications were made since very little data existed of the current 
measures taken at KTH.  
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The time frame of the project was set to 20 weeks, starting 11th March 2013 and ending 5th of 
August 2013.  
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1. FRAME OF REFERENCE 
The environmental problems of today are closely related and connected to how waste 
originates and how it is handled. Waste is defined as objects or substances that the owner 
wants or is obligated to dispose of (Naturvårdsverket, Vägledningar om avfall). Each 
produced object is an environmental burden since they require the usage of natural resources 
with harmful byproducts often as a consequence. Knowledge about how and why waste is 
amassed as well as how it is managed is important (Ewert, Henriksson, & Åkesson, 2009). 
The actual amount of waste is highly influenced by economical and technical developments as 
well as the consumption patterns and choice of lifestyle of the people (Ekvall & Malmheden, 
2012). Sweden produces 110 million tons of waste annually. More than three fourths of the 
waste consists of rocks and similar byproducts from mines. The amount of household waste is 
4.3 million tons. That amount have steadily increased over the years however, recent studies 
suggest that it has now started to diminish (Ekvall & Malmheden, 2012). Nowadays 70% of 
the collected household waste of paper, glass and metal packaging is recycled.  

 

1.1. Waste hierarchy according to the EU  
In order to protect the environment, the European Union (EU) has agreed on that each country 
is responsible for taking care of the produced waste in that country. This should be done 
according to the waste hierarchy established by the EU (Naturvårdsverket, Lagar och regler 
om avfall), see figure 1. 

 

 

Figure 1. The waste hierarchy  

 

According to the hierarchy, first and foremost it is important to create as little waste as 
possible, especially dangerous waste, since it is the best measure to minimize the use of the 
earth’s resources as well as the impact on the environment.  

Prevention 

Preparing for 
reuse 

Recycling 

Other recovery 

 (notably energy recovery) 

Disposal 
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The waste that exists should to as high a degree be reused. When this is not possible, the 
materials should be recycled. If the waste cannot be recycled, energy should be recovered 
through combustion. Landfills should only be used as a last resort (Sopor.nu, Avfallstrappan). 

 

1.2. Waste recycling  
Recycling is perceived to be good both from an environmental and an economical point of 
view. To produce new packages from recycled materials is less of an environmental strain 
than extracting new raw material for production and it is less expensive.  In Sweden a general 
recycling station is mainly made for sorting waste created from packages and not objects. 
Objects, which are categorized as bulky waste, should be left at collecting points (Sopor.nu, 
Rätt sopa på rätt plats). Förpacknings- och Tidningsinsamlingen (FTI) is a company 
responsible for collecting and recycling packages and newspapers in Sweden 1 . FIT are 
collaborating with Svensk Glasåtervinning2 so that packages made of glass are collected and 
recycled as well. All companies that produce, import, fill or sell packages or packaged goods 
are responsible for making sure that their packages are collected and recycled. That also 
includes newspapers. In Sweden all citizens and companies must contribute to create a 
sustainable society on a long-term basis (Förpacknings- och Tidningsinsamlingen AB). It is 
based on the Polluter Pays Principle which means that if you contribute with a 
“contamination” you are also responsible for taking care of it.  This responsibility also goes 
for tires, cars, batteries, electrical and electronic products. Sweden is considered to be a 
leading country in recycling, having recycled 720 000 ton packages and newspapers in 2011. 
9 out of 10 inhabitants recycle which results in 3 out of 4 packages being recycled as well as 9 
out of 10 newspapers (Förpacknings- och Tidningsinsamlingen AB).  

According to FTI, the reason for only collecting packages is that the collection requires a lot 
of money and the recycling materials do not generate enough profit to cover the costs. 

Waste is sorted according to its packaging material. If a package consists of several different 
materials that cannot be separated manually, it is then recommended to sort the package in 
accordance to the material it consists of the most. The recycled material differs in quality 
depending on what kind of product it is produced from. If glass packages are mixed with 
drinking glasses then the recycled glass will get lower quality compared to recycled glass on 
only glass packages. The following paragraphs describe how different waste of concern for 
KTH is recycled in Sweden, for other fractions see appendix I: 

Batteries 
Batteries are sorted manually and depending on what type of battery it is, there are different 
ways of recycling them which include melting, crushing, chemical treatment or incineration. 
                                                 
1FTI is responsible for gathering and recycling the packages and newspapers on behalf of the companies selling 
packaged products in Sweden i.e. the producers. FTI is financed by the producers and is a non-profit 
organization.  
2  Svensk Glasåtervinning is responsible for gathering and recycling glass packages on behalf of the glass 
package producers. 
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Nickel, cadmium, lead, cobalt and copper can be recycled and become new batteries or other 
products depending on the metal. Mercury though, is sent to a final storage for hazardous 
waste (Sopor.nu, Batterier).  

Light bulbs and light tubes 
These are transported to a recycling facility where they are crushed in a closed system. The 
glass is then washed in a liquid which separates the mercury. The cleaned glass is later sent to 
glass recycling stations where it is melted down and reused for new production of glass 
bottles and jars (Sopor.nu, Ljuskällor).  

Glass packages 
The collected glass is often transported in trucks with cargos divided in two segments, one for 
colored and one for uncolored glass so it all can be transported at the same time. The glass is 
later carried on to recycling, where all glass packaging is handled (Sopor.nu, 
Glasförpackningar).  

The first step in glass recycling is to manually remove stone, metal, plastics and other 
materials that are misplaced. Smaller contaminants are separated using machinery i.e. 
magnets, metal detectors and vacuum suction. The colored glass is separated into green and 
brown using a certain photo technology. Finally all glass is crushed to be used as raw material 
for production (Sopor.nu, Glasförpackningar).  

Glass can be recycled endless times without reducing its quality. When using recycled glass, 
20% less energy is needed compared to using raw glass material. However, it is important that 
the glass is not contaminated with other materials such as ceramics and porcelain since that 
will ruin the melting process (SITA, Källsortera).  

 

1 ton recycled glass = -100 kg CO2 2000 km by car  63 air miles 

Table 1. Climate benefits when recycling 1 ton material (SITA, Källsortera) 

 

Paper packages 
The collected paper packages are transported to a recycling facility. The paper is molded to 
bales and then transported to paper mills. The composition of the paper and carton is 
controlled by taking samples and analyzing it (Sopor.nu, Papperförpackningar).  

Inside the paper mill, the paper packages are dissolved with water in a rotating barrel till they 
have disintegrated into paper fiber. The fibers are separated from worn out fibers as well as 
other materials such as the plastic on the inside of the milk carton which is incinerated 
(Sopor.nu, Papperförpackningar). The fibers are then rinsed with water, molded together with 
other layers of fiber and dried. In the end the carton is covered with clay and binder to enable 
easy printing on it. The readymade material is then rolled into big rolls which are delivered to 
companies that manufacture new packages (Sopor.nu, Papperförpackningar).   
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Paper fibers can be recycled up to 5-7 times without losing its durability. When the fibers are 
worn out, the material is used as fuel (SITA, Källsortera).  

 

1 ton recycled carton/paper = -600 kg CO2 5770 km by car  126 air miles 

Table 2. Climate benefits when recycling 1 ton material (SITA, Källsortera). 

 

Metal packages 
Misplaced bulky objects and waste such as frying pans and engine parts are sorted away 
manually at a sorting facility. Steel packages and aluminum packages are separated with a 
powerful magnet since steel is magnetic while aluminum is not. The two metals are then 
pressed into big bales making it easier to transport them to a smelter where they are melted 
into new steel. The tin cans become steel rods, new packages and different details for the 
construction and vehicle industry. Aluminum is melted and casted into bars. The bars are then 
used as raw material for example engine parts (Sopor.nu, Metallförpackningar). The metal 
recycling is mainly for empty and cleaned packages of metal. Aluminum cans are to be left at 
the nearest grocery store for a deposit. Recycled steel become new steel and bottle caps 
become railway tracks and concrete steel (SITA, Källsortera). Metal can be recycled endless 
times without losing its quality.   

 

1 ton recycled metal = -1500 kg CO2 14420 km by car  315 air miles 

Table 3. Climate benefits when recycling 1 ton material (SITA, Källsortera). 

 

Plastic packages 
At an automatic sorting facility the hard and soft plastics are carefully sorted using air to blow 
or suck the soft plastics away. The plastics are then sorted in accordance to their type since 
different plastics have different chemical structures. In the end, the plastic become new raw 
material and is sold to companies producing plastic products (Sopor.nu, Plastförpackningar).  

Hard packages become granules that can be transformed to raw material. This is done to 
particularly clean and well sorted fractions. Fractions with a mix of plastics and color result in 
mixed quality where properties are hard to predict hence they are recycled to become plank or 
pallet blocks, where the plastic in some cases have been reinforced with sawdust (Sopor.nu, 
Plastförpackningar).  

The soft plastics from two thirds of Sweden are recycled into new products, mainly garbage 
disposal bags, carrier bags and cable protection. The remaining plastic packages are delivered 
to the cement industry where they are used as fuel (Sopor.nu, Plastförpackningar).  

The amount of energy found in 1 kg plastic packages equals 1 kg oil and 1 ton hard plastic 
packages can be recycled into 84 000 flower pots (SITA, Källsortera). 
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1 ton recycled plastics = -500 kg CO2 4810 km by car  105 air miles 

Table 4. Climate benefits when recycling 1 ton material (SITA, Källsortera) 

 

Newspaper and office paper 
Newspapers and office paper are transported to a sorting facility. Misplaced waste is 
separated from the newspapers both by hand and by machinery. The print is cleaned and the 
paper then disintegrated into fibers and made to new paper mass (Sopor.nu, Papperstidningar 
och trycksaker).  The fibers are rinsed in water and molded into new paper. The paper is 
rolled into big rolls, cut down and delivered to newspaper printing houses. Up to 50% of 
paper material can consist of recycled fibers and the rest freshly made fibers. The recycled 
paper is mainly used for producing newspapers but some also go to household and toilet paper 
(Sopor.nu, Papperstidningar och trycksaker).  

By separating office paper from newspaper paper a more pure and clean material can be 
extracted from the recycling, which is beneficial for the environment. Some of the recycled 
newspaper becomes toilet paper and household paper.  

By using recycled fibers, energy can be saved up to 70% in comparison to using new fibers 
when manufacturing paper (SITA, Källsortera) .  

  

1 ton recycled office paper/newspaper = -600 kg 
CO2 

5770 km by car  126 air miles 

Table 5. Climate benefits when recycling 1 ton material (SITA, Källsortera). 

 

Combustible 
Combustible waste is also known as household waste which includes food waste and dirty 
packages and can also be a mix of paper, wood and plastics, materials that all burn by their 
own force.  

Nearly 50 % of the household waste goes to incineration with energy recovery. The smoke 
and gases that are produced are purified from the different contaminants such as 
hydrochloride, sulfur oxides, nitrogen oxides, metals etc. and then used for heating water for 
district heating or electricity (Sopor.nu, Soppåsen). By incinerating waste, volume is reduced 
to a fifth of its original size and contaminants as well as other substances are decontaminated. 
The remaining products of the incineration consist of cinder from the oven, ashes from the 
smoke and gas decontamination (Sopor.nu, Förbränning).  The cinder consists of materials 
that cannot be incinerated which by accident have been recycled as household waste. This 
material is recycled and the remaining mass is used as a substitute for gravel at construction 
sites and landfills. The ashes contain harmful substances and the purpose of the purification is 
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to get rid of them from the smoke and gas. The ashes are handled as hazardous waste and are 
stored under safe regulations (Sopor.nu, Förbränning). 

In 2007 there existed 30 facilities for incineration (Sopor.nu, Förbränning). Since district 
heating is used by numerous households in Sweden, the recovered energy from incineration is 
more efficiently used compared to other countries. The amount of heat produced from 
incineration equals a fifth of the total need of district heating. The pollution that is created 
form incineration is since January 2006 controlled by an EU legislation (Sopor.nu, 
Förbränning). Due to the legislation, all incineration is done with a highly advanced 
purification technique. Because of the increased demands on emission, the conditions, sorting 
and control of the waste the results of the recycling have improved (Sopor.nu, Förbränning). 
For example, batteries are separated and this has led to a reduction of 70 % of the amount of 
quicksilver found in waste between 1992 and 2002 which has contributed to a reduction of 99 
% of the pollution of quicksilver and other heavy metals since 1985 (Sopor.nu, Förbränning). 
Since the household waste mostly consists of renewable materials from the animal and plant 
kingdom, the contribution to the greenhouse effect is margin (Sopor.nu, Förbränning).  

 

In 2010 the amount of energy produced from combustible waste corresponded the heating need 
of 57 967 houses (SITA, Källsortera).  
  

Organic waste 
One tenth of the produced household waste is treated biologically, either through anaerobic 
digestion or composting where energy and nutrition are then extracted. The end product – 
compost or bio fertilizer – can be certified. The entire process is then thoroughly scrutinized 
to minimize the risk of spreading heavy metals, contaminants or weeds (Sopor.nu, Matavfall).  

Composting is nature’s own way of breaking down the waste using oxygen and 
microorganisms, mainly bacteria and mushrooms. During this process heat is developed with 
a maximum temperature of 60-70 degrees Celsius. Food waste and garden waste is composted 
outdoors or under a roof (Sopor.nu, Biologisk behandling).  

When composting, it is important that the waste have a good supply of oxygen.  The waste is 
broken down and becomes a nutritious decomposed organic matter. The readymade compost 
is often mixed with turf or other materials and then ready to be used in parks, gardens or 
within agriculture (Sopor.nu, Biologisk behandling).  

When using anaerobic digestion the organic waste is broken down in an oxygen free 
environment. The waste is often mixed with manure and waste from butchers and the food 
industry. First, the waste is sanitized. Then it is pumped into anaerobic digestion tanks where 
it is left for 20 days. During that time, the waste is broken down by microorganisms 
meanwhile bio gas is produced. The gas main components are methane and carbon dioxide. 
The gas can then be purified from the carbon dioxide, be upgraded and then used as fuel for 
vehicles. Biogas emits much less harmful substances to the environment than other fuels. 
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Other areas of use are electricity and heating production. The remaining product from the 
digestion becomes bio fertilizer (Sopor.nu, Biologisk behandling).  

A big part of the Swedish household waste, almost four fifths is biologically degradable such 
as food waste and garden disposal. Not more than 20-35% of the household waste is sorted for 
composting or anaerobic digestion (Sopor.nu, Biologisk behandling).  

For an overview of the waste management cycle, see figure 2 and 3. 

 

 

Figure 2. Waste recycling cycle  
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Figure 3. Examples of what the recycled waste is used for (Förpacknings- och Tidningsinsamlingen AB). 

 

1.3. The ups and downs of recycling  
A recent analysis made by the Swedish Environmental Protection Agency shows that 
compared to material recycling combustion for energy extraction is more beneficial and 
effective from an economic point of view if no environmental impacts are taken into account. 
This is due to the fact that energy extraction gives higher revenue and requires less 
pretreatment such as sorting the waste which then reduce the collecting costs. The recycling 
process for material recycling is expensive hence the reason for it being controlled by 
different political measures and not by economical driving forces. The energy extraction is on 
a long term basis also considered to be the most cost effective alternative but material 
recycling has a lower impact on the environment. The method that is the most cost effective 
from a socio economical point of view is hence depending on how high the costs for 
environmental impact are valued (Ekvall & Malmheden, 2012).    

Energy extraction is also considered the most cost effective technique for treatment of organic 
waste compared to biological treatments (composting and anaerobic digestion). Biological 
treatments are more expensive due to the collection of the material. The total revenue for 
compost, digestive and biogas is also lower compared to the revenue from heat and electricity 
from energy extraction (Ekvall & Malmheden, 2012).  

Waste handling affects the environment through the emissions from processes of the waste 
system and also through the consumption of electricity, fuels and other inputs. Since the 
environmental gains often are bigger than the systems own impact, the waste handling is as a 
whole considered as an environmental win (Ekvall & Malmheden, 2012). Waste incineration 
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and material recycling are important components in the waste handling system. Waste 
incineration can be considered as a good measure to handle waste since the extracted energy 
can be used to produce heat and electricity however, it can also be bad due to the gas 
emissions that are developed from for example the incineration of plastics. This suggests that 
plastics some times are better to be left at landfills from a greenhouse effect point of view 
(Ekvall & Malmheden, 2012). 

According to Ekvall and Malmheden, an optimal waste handling system would diminish the 
emission of greenhouse gases. Within the system materials are recycled according to the 
current technical possibilities, biological waste is gathered separately and treated through 
anaerobic digestion, waste incineration is used especially for waste that can become bio-fuel 
and for materials containing toxic substances and should not be recycled. The incineration 
takes place in facilities creating both heat and electricity such as a combination of a heat and 
power plant and landfills are only used for materials that cannot break down biologically or be 
recycled (Ekvall & Malmheden, 2012).  

To use recycled material instead of new raw materials when manufacturing diminishes the 
CO2 emissions and saves both energy and natural resources (Förpacknings- och 
Tidningsinsamlingen AB). The environmental impacts that come from transporting the waste 
are compensated by the environmental gains from recycling the waste (Förpacknings- och 
Tidningsinsamlingen AB). The following examples show how much emissions and energy 
use that can be reduced by recycling waste (Henryson & Goldmann, 2007): 

• To use recycled aluminum instead of raw material of aluminum reduces the CO2 
emissions with 10 tons by each ton recycled aluminum and save 95% energy. 

• Recycled paper instead of raw tree fibers reduces CO2 emissions with 1.5 tons by each 
ton recycled paper and save 50% energy. 

• Recycled iron instead of raw material of iron reduces CO2 emissions with 1 ton by 
each ton recycled iron and save 75% energy. 
 

1.4. The Swedish cultural aspects of recycling  
The attitude towards recycling is positive and if the recycling system is easy to use, people 
tend to act in accordance to this attitude (Ekvall & Malmheden, 2012). The attitude is a result 
of the feeling of satisfaction that is gained through the idea of contributing to a better 
environment. However, there is a common notion of the systems not being fully functional 
(Ekvall & Malmheden, 2012). People tend to like the feeling by recycling but also feel very 
uncertain in how to do it properly. The uncertainty comes from the many different packages 
and their materials. Another uncertainty is related to what actually happens with the waste 
once sorted. Mistrust in other people’s performance in recycling exists as well as confusion on 
how to recycle because of the amount of different symbols and concepts that exist (Ekvall & 
Malmheden, 2012). The fraction categories made by the FTI does not match the cultural 
categories i.e. people tend to separate according to material and not weather it is a package or 
not. This means that the basic categories of waste recycling do not coincide with the basic 
categories used in everyday life (Henriksson, Åkesson, & Ewert, 2010). Few are aware that 
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waste sorting is referred to packages and not materials in general. When recycling, the feeling 
of the material is important hence sorting according to material is perceived as the most 
logical thing to do (Ewert, Henriksson, & Åkesson, 2009). Lacking fractions i.e. some items 
that cannot be left for recycling, create uncertainty and makes the waste collection incomplete 
from the perspective of the user which lowers the credibility of the system (Henriksson, 
Åkesson, & Ewert, 2010). This cultural phenomenon is also increased due to no common 
known motivating principle or rule of thumb within the context of use (Henriksson, Åkesson, 
& Ewert, 2010).  

Since a lot of packages consist of several materials, it causes a lot of trouble for the users. 
Even though the attitude is considered positive, issues such as bulky packages, stickiness and 
odor creates a lot of unwanted aggravation for users as well as reluctance to recycling 
(Henriksson, Åkesson, & Ewert, 2010).  

Knowledge about what actually happens to waste after it has been disposed is important since 
the feeling of insecurity regarding the recycling will diminish. Also, the information about 
how to recycle should be easy to understand and given in the right context. Questions like 
why colored glass should not be mixed with uncolored will then be answered and a bigger 
satisfaction regarding recycling can be obtained (Henriksson, Åkesson, & Ewert, 2010).  

Work places  
How waste handling is organized differs between work places, even between similar ones. 
Who produces waste, who sorts it and who is responsible for the different steps of the waste 
handling usually ends up only being on the internal discussion table. Ambiguity is often 
prevalent regarding to what extent you as an individual are responsible for the waste 
management at your place of work (Ekvall & Malmheden, 2012). When it comes to waste 
handling at home in comparison to waste handling at work two different attitudes exist 
(Ekvall & Malmheden, 2012). The first being to try to implement the knowledge and habits at 
a similar way at work as in private and the second being to observe limits and maintain the 
differences between how one act in the two different environments. If someone with a strong 
commitment for the environment is present, an equally strong commitment will be given at 
work as at home while individuals with a more distant relationship to recycling accept that 
there is a difference in the efforts of recycling at home and work. Janitors and cleaning firms 
are examples of staff that usually act as middle hands with the waste handling at work places. 
Inputs and outputs are usually known at office spaces however the knowledge about the 
internally handling of the waste is seldom detailed (Ekvall & Malmheden, 2012).  

Paper in different forms is the biggest waste category produced at office places. However, 
household waste is also a very big contribution here though the gravity of it seems to be 
underestimated at the office work places (Ekvall & Malmheden, 2012).  

Studies recommend that future waste management from a sustainable perspective should 
consist of a system that reduces the insecurity around waste handling and increases the 
motivation to contribute (Ekvall & Malmheden, 2012).  The system should thus be designed 
so that it facilitates behavior where commitment to recycling is high and so that recycling 
becomes a simple act to incorporate in the everyday life. To increase the satisfaction of 
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recycling, a reassurance that the waste is correctly processed and recycled is a must. People 
feel that it is the society rather than other stakeholders that is the main guarantee for a proper 
treatment of the waste (Ekvall & Malmheden, 2012).  

In general, people tend to care the most of the environmental consequences when handling 
waste. The main motivation for recycling is that the impact on the environment should be as 
low as possible. By showing that the waste is taken care of, utilized and restored back to 
nature or to society, trust in the waste handling system can be increased and the motivation to 
contribute sustained (Ekvall & Malmheden, 2012). 

It should be easy to do right. It is not enough that the government says the system is 
environmental friendly. It must also be user friendly. The urgency of do it for me is more 
prevalent then do it yourself. For this reason clarification and simplicity should be the main 
characteristics for a waste management system. These requests are also seen at work places 
where trust, simplicity and comfortableness are believed to be important conditions for 
recycling (Ekvall & Malmheden, 2012).  

Other studies (Berglund & Söderholm, 2008) (Sörbom, 2003) have pointed out that there exist 
differences in how much people recycle. The differences are correlated to gender and 
especially age. Middle aged people recycle more than young people. Another fact is that 
people in general want to recycle; that there is a common perception that one ought to recycle 
waste. It is a good deed that should be performed if possible. The need to increase these 
values, norms and consciousness around recycling is very low. However, factors such as 
practical conditions, availability, comfortableness and the feeling of understanding how to do 
it are crucial for the amount of effort that is put into recycling. A simple way of integrating 
the recycling in the everyday life is important. This means that the conditions for a sustainable 
waste handling are reasonably good when referring to values and intentions. A practical, user 
friendly, comprehensible and well-motivated waste handling is what is needed for people to 
take their positive attitudes and put them into action (Ewert, Henriksson, & Åkesson, 2009).   

 

1.5. Psychological and behavioral aspects of recycling  
Socio psychological and environmental psychological studies show that mass communication 
of information has difficulties in reaching the attended receiver. When the information 
reaches through, only a slightest fraction of it is considered. Information often has very little 
affect on the behavior. If the information should prevail and have any impact what so ever, it 
has to be well formulated and in combination with other measures (Ekvall & Malmheden, 
2012). Environment oriented information has mainly served to educate people with the belief 
that lack of knowledge is the reason for people not recycling. Increased knowledge is not 
enough to change a behavior even though some is essential for actually performing it. 
Information that points out the moral significance in acting environmental friendly and that 
activates social and personal norms has a bigger impact on behavior (Ekvall & Malmheden, 
2012). In reality, each person has their own unique set of understanding, knowledge, 
perception ability, motivation and attention. The receiver can be skeptical to the message, 
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keen on learning something new, passive and bored, not interested or inexperienced within the 
area. People in general are different when it comes to values, goals and principles. The same 
can be seen with people living in the same household. One type of information is seldom 
relevant for everyone. Information should therefore be adapted to the target group, be 
formulated so it is in tune with the values and goals of individuals and that it points out that 
their effort makes a difference. Otherwise the effort will be rejected as something unnecessary 
which leads to a majority refusing to act. To change a habit or start a new one is something 
that usually happens in several steps. Depending on where in the chain of change a person is, 
different types of information are required. In the beginning information that acknowledges 
the new behavior is of value. Once the individual have become aware of the change, 
information about alternative behaviors and the positive impacts they have is needed. In 
addition, moral aspects contribute to the person actually trying out the new behavior. In the 
end information about what others are doing can be used to make sure the behavior sticks 
(Ekvall & Malmheden, 2012).  

People with neutral or negative attitudes to recycling may not perceive that they lack 
knowledge rather they are suspicious about the necessity or effectiveness of recycling. In this 
case, a solution is to frame the information differently in order to reach these people. If a 
person already has the intention of changing his or hers behavior, results indicate that the 
likeliness to seek information is increased, assuming that information is only sought when it is 
relevant for current goals (Borgstede & Andersson, 2010) . 

People who already seek information are the ones holding personal norms favoring recycling. 
This means that the provided information should focus less on creating stronger positive 
attitudes and more on giving positive feedback (Borgstede & Andersson, 2010).  Since the 
ones finding the information are more likely to already be recycling, information on how local 
goals for source separation are being met (social norms) as well as environmental benefits and 
effectiveness can stimulate further motivation. By adapting the information to reach different 
kind of target groups, a greater chance of influencing the behavior is gained (Borgstede & 
Andersson, 2010).  

However, recycling consists of several different behaviors. To sort out paper, glass and carton 
is rarely perceived as a something hard and these fractions are also the most common ones 
that households recycle. To sort organic waste and plastics is perceived as troublesome and is 
less common (Ekvall & Malmheden, 2012). Simplicity is not enough to create a new behavior 
if it is a sacrifice or does not give an instant reward to the individual. The individual needs to 
be motivated, be aware of the negative consequences if neglecting the behavior, to have a 
notion of the gains of the new behavior and its effectiveness. Another important factor is that 
others also do it. It is required that the individual has a positive attitude towards the behavior. 
To feel personal responsibility towards a behavior is also beneficial to make a behavior 
consistent. Information about recycling should hence apply to social norms or be accessible, 
unambiguous and have a high value of instruction. To connect information about waste 
prevention to other values than the environment such as economical or lifestyle values is also 
effective. This type of information should enlighten people about consequences and how to 
perform.  
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Universities consist of very diverse populations engaged in activities with considerable 
consumption of materials and energy in a large area. Hence they can be considered as 
communities that influence wider society (Wan, Cheung, & Qiping Shen, 2012).  Within 
universities there is a need to increase knowledge and understanding of recycling and its 
environmental impacts. This can be done by making recycling activities more convenient by 
for example providing more facilities or drop-off point on the campus (Wan, Cheung, & 
Qiping Shen, 2012).   
 

1.6. Current trends in waste management 
Sustaina is an organization that each year presents sustainable solutions from around the 
world. These solutions are ready available projects, initiatives and technologies at the front 
edge of sustainable transformation. Among these, several examples regarding waste and waste 
preventions could be found. 

Terracycle organizes recycling fundraisers that collect and reuse different non-recyclable 
waste such as pens and hospital waste. It is free of charge to sign up to participate and money 
is earned for non-profits by collecting the waste. Several schools around the world have 
joined the fundraiser where the money has gone either to a school or other non-profits. The 
collected material is recycled or up-cycled to different materials and products (Sustainia, 
2013). 

BigBelly Solar is an intelligent outdoor waste collection that uses solar power and smart 
technologies to provide real-time data and historical reporting for collection sites. This 
enables just-in-time collections and reduces the collection frequency which means reduced 
emission and fuel conservation as well as more efficient operations. It has proved to be very 
beneficial for cities, transit organizations and college campuses (Sustainia, 2013).  

Repair Cafés are free meeting places where people can go and get their items fixed. The café 
is driven by volunteer repair experts with practical skills and with the café, their skills are 
passed on to others. By repairing the products, items and raw materials are kept in use and 
energy consumption from producing new items is avoided. The Repair Café Foundation helps 
local groups all around the world to start their own repair meetings and cafés in their 
community (Sustainia, 2013). 

An online game platform offers deals and discounts on sustainable products in return for 
members doing green actions such as recycling or buying eco-friendly products. The website 
called RecycleBank has currently over 3.6 million members. To earn the rewards, the 
members can play online games and quizzes, recycle etc. The earned points are then 
transformed into different rewards. The rewards can be everything from discounts to donating 
points to charity. Different mobile applications have been developed letting people earn points 
on the go such as taking urban transportation or walking (Sustainia, 2012).  
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1.7. Royal Institute of Technology of today  
15 000 students are currently enrolled at the Royal Institute of Technology (KTH). More than 
1 600 of them are research students and the school has 4 300 employees. The education is 
divided among ten different schools, all of them located in seven different areas in Stockholm. 
Each school is organized in institutions and faculties. Table 6 to 7 presents the different 
schools, their premises, area, landlords and agreements.  

 

School Number of institutions/ 
departments 

Premises 

Architecture and Built 
Environment 

7 KTH Campus, 
Campus Haninge 

Biotechnology 10 Alba Nova, Solna 
Computer Science and 
Communication 

6 KTH Campus 

Electrical Engineering 12 KTH Campus 
Chemical Science and 
Engineering 

3 institutions, 18 departments KTH Campus 

Education and Communication 
in Engineering Science 

5 KTH Campus 

Engineering Sciences 7 Alba Nova, KTH Campus 
Industrial Engineering and 
Management 

7 KTH Campus, Campus 
Telge 

Information and Communication 
Technology 

5 operational bases, 11 research units Kista 

Technology and Health 12 Haninge, Flemingsberg, 
Solna 

University Administration 14 KTH Campus 
Table 6. The schools and premises of KTH (Granath & Böske , 2012). 

Location Number of buildings Landlord 
KTH Campus 29 Akademiska Hus Östermalm 
Haninge 1 Hemfosa fastigheter 
Kista 2 Akademiska Hus Frescati 
Flemingsberg 1 Akademiska Hus KI/Karolinska 

Institutet 
Campus Telge 1 Telge fastigheter 
Solna 1 Karolinska Institutet 
AlbaNova 7 Joint firm KTH/Stockholm 

University 
Total 42  

Table 7. The different campus sights and landlords of KTH (Granath & Böske , 2012). 

 

The environmental management is operated by Sustainable Campus led by the head of 
environment, Birgitta Westin. Sustainable Campus belongs to the Site Management unit 
administered by the university. The Site Services unit is responsible for the cleaning, the 
recycling and the waste management on campus (KTH Intranät). Each faculty has a 
designated environment representative responsible for the environmental work taking place at 
that faculty.  
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Cleaning etc. is performed daily at the schools according to the schools’ own agreement with 
the cleaning services. Other services such as washing the curtains or watering the flowers are 
done on special demand. Cleaning is performed daily in lecture halls, toilets, corridors and 
every other day in class rooms. Waste containers are emptied in accordance to the service 
given in that area, daily or every other day depending on the need (KTH Intranät). Three 
different kinds of waste rooms can be found for the waste management and recycling at KTH 
and one area designated for containers is available for waste care, see table 8 for a description 
of the different type of locations.    

 

Locations type Description 
Garbage room Waste room for disposal of kitchen and office 

garbage sealed in plastic bags. Bigger rooms may 
also contain containers for recycling waste.  

Fraction room/recycling room Waste room for disposal of source separated 
waste. 

Gathering area Waste room not open for public waste handling. 
Managed by the Site Services Unit or the school 
of Chemical Science when it comes to chemical 
waste.  

Container area Area for handling and disposal of bulky waste. 
However, containers for bulky waste can be 
found on different sites at campus. 

Table 8. The different waste locations found at KTH (KTH Intranät) . 
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The different types of waste are divided according to the following, see table 9. 

Fraction Description Responsible of handling 
Office waste Waste left for final destruction 

after being separated from 
source separated waste and 
dangerous waste. It should 
mainly consist of combustible 
waste. 

Landlord i.e. cleaning service 

Source separated waste Paper/office paper, carton 
(wellpapp), glass, plastics, 
metal. Used for recycling. 

The Site Services Unit 

Dangerous waste Waste that according to the law 
must be handled in a way so that 
humans or the environment are 
not harmed. 

The Site Services Unit takes 
care of lights, batteries and 
electronic waste. The school is 
responsible for chemical waste, 
dangerous waste, refrigerators, 
freezers and toner cartridges. 

Bulky waste Bulky waste that cannot be 
handled within the above 
fractions. 

The Site Services Unit 

Table 9. The different overall waste fractions found at KTH and their description (KTH Intranät). 

 

The management and pick up of office waste is included in the tenancy contract for every 
school at KTH. However, in Kista, Södertälje, Haninge, Flemingsberg and Solna separated 
waste is also included in the contract. KTH Campus is therefore responsible for its own 
separated waste and the management of it. For pick up and handling of chemical waste each 
school is responsible for its own waste. The pickup and recycling of waste services are bought 
by SITA and SETA. The current waste management facilities at KTH Campus Valhalla can 
be seen in figure 4. 

 

Figure 4. The current waste facilitation at KTH Campus Valhalla. The blue circles represent the different campus facilities 
of KTH.  
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1.8. The identity and vision of KTH 
KTH’s vision is to be a “dynamic, innovative and creative” university that is “driven by 
curiosity and dedication to create a brighter future”. The school’s goal is to “create a better 
future for people, companies and society through smart solutions that can take on the 
challenges of today and the future” (Kungliga Tekniska Högskolan, 2012).  

KTH sees itself as place for “anyone who seeks inspiration for innovation and development”. 
“Education, research and innovation are the foundations of knowledge” and are supposed to 
work symbiotically. The school wants to represent an “optimistic perspective and be an arena 
where research and education are claimed to have a significant role for a society’s 
development” (Kungliga Tekniska Högskolan, 2012). “Equality, responsibility for the 
environment, diversity, quality, innovativeness and humanity” are what should characterize 
KTH and how it wishes to be perceived from outside viewers. The institution is leading in 
technology education (Kungliga Tekniska Högskolan, 2012). 

The environment should be creative and support the creativity and education at KTH. It 
should create unity and transmit pride of KTH (Kungliga Tekniska Högskolan, 2012). The 
three different disciplines; creativity, technology and art shall enrich the campus (Kungliga 
Tekniska Högskolan, 2012).   

KTH Campus is in the phase of expansion and several goals within the near future have been 
set up;  

  “KTH shall have an identity and brand associated with thorough work for the 
environment and sustainable development” 

 ”The campus environment should be characterized by daring and sustainable social 
structures” 

 ”KTH’s campus environment should be characterized by innovative technologies and 
reflect KTH’s research e.g. on new materials.”  

 ”5% reduction of use of energy” 

All of these are to be reached with the new initiative of Zero Emission Campus Lab managed 
by Green Leap. The Zero Emission Campus Lab is to be an inspiration and provide 
sustainable examples on how to create a more environmental friendly environment.  
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2. IMPLEMENTATION 
The implementation was carried out in different phases. The research phase included both 
subjective and objective methods which gave a solid background and understanding of the 
problem and became the foundation on which later phases of the project were developed. For 
the concept development and testing different design techniques were used. The embodiment 
design included technical implementation for producing the product. During the product 
development, additional research was made such as available manufacturing techniques etc. 
which was dependent on the outcome of the previous phases.  

 

2.1.  User Research 
Before the research was conducted, stakeholders were defined in order to understand what to 
investigate further. The stakeholders were defined based on how the waste at KTH is handled 
and the life cycle of that produced waste. The following stakeholders were found: 

• Students and employees which produce the waste 
• Staff who take care of the waste at KTH  
• the recycling company SITA  
• KTH Sustainable who are responsible for managing how waste is managed at KTH. 

 

2.1.1. Methods 
For the user research, different methods were used as presented below. The chosen methods , 
all qualitative, were deemed to give the highest valuable outcome in regards to the time frame 
of the project. 
 
Observations were made at KTH Campus in order to see which current solutions existed and 
how they were used as well as perceived. The observation focused on understanding the 
environment, the users and the usage of the containers.  
 
Interviews were made with the different stakeholders. The interviews were semi-structured 
based on asking prepared questions as well as questions that arose during the interview. When 
interviewing the students, the five why’s technique was used which is a simple and efficient 
technique to get to the bottom of a behavior or a problem (IDEO, 2003). A question is asked 
followed up by five “why?” questions to force the interviewee to analyze his answers and 
behavior. During this study the initial question was: Do you recycle? A total of eight students 
were interviewed. 
 
To get a deeper insight of the mindset of students from a cultural and societal point of view on 
recycling and sustainability, students were asked to do photo studies and photograph things in 
their everyday life that they associated with recycling, waste and sustainability. This method 
provides visual self-reported insights into user behaviors and priorities (Hannington & Martin, 
2012). The study was executed using Instagram, an online photo-sharing and social 
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networking service for smart phones and Facebook, an online social networking service. The 
pictures were either uploaded on Instagram and commented with the hashtag #sustainableme 
or uploaded on Facebook on a created page named Sustainable me. A total of 30 pictures with 
comments were gathered under a time frame of 2 weeks, see figure 5. 
 
 

 
Figure 5. A snapshot of the photo journal page Sustainable me on Facebook. The different pictures were uploaded by 

students. 

 
Based on the interviews and photo studies, personas for all the stakeholders were created. A 
persona combines descriptions of user behavior patterns into representative profiles to get a 
more clear design focus (Hannington & Martin, 2012). 
 

2.1.2. Results of user research 

KTH Sustainable 
An interview with Birgitta Westin, head of the environment group at KTH, was held as well 
as with Conny Fält, responsible for the contract with SITA and also the management of the 
recycled waste at KTH i.e. the Site Service Unit. In 2011 an environmental investigation was 
made (see reference (Granath & Böske , 2012)) concerning the environmental impact of KTH 
however, no specific investigation regarding the waste management at KTH has been done. In 
2012 new agreements with two recycling companies were signed, one concerning the 
handling of chemical waste – SEKA, and one concerning the remaining waste – SITA. No 
current follow-up on the amount of waste exists nor for the most common waste fractions 
exist at KTH but according to the new agreement statistics will be received on the amount and 
the type of waste that KTH produces. The possibility to recycle the most common waste 
fractions will be given at each school. Each campus handles waste differently depending on if 
Akademiska Hus is the landlord or not. Each faculty at KTH is responsible for managing its 
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own separated waste and if help is needed, an agreement can be made with the Site Services 
Unit. The waste management is however under discussion so that a better solution can be 
found. The Site Services Unit makes sure that the waste rooms have as many fractions as 
possible depending on the available storage space. They also do a weekly inventory of the 
waste rooms to see in what order the waste should be emptied to reduce the number of 
transports on campus. Check-ups on the fractions are made to make sure they are properly 
sorted before SITA arrives to pick them up.  

No overall agreement on how the waste should be handled, picked up and taken to the waste 
rooms exists. Currently staff or janitors usually make sure that separated waste is transported 
to the waste rooms. The waste containers in lecture halls, class rooms and lunch 
rooms/kitchens are emptied daily by the cleaning staff at KTH (on behalf of Akademiska 
Hus). Offices are emptied according to a specific agreement made by each faculty and the 
KTH office cleaning. Outdoor waste containers are emptied by campus cleaning on 
commission by Akademiska Hus.  

For a transcription of the interviews, see appendix II and III. 

Staff at KTH 
From the interviews it became evident that no system or directions exist for how the waste 
should be managed internally. Each department handles its own waste when it comes to 
recycling. The cleaning staff picks up the household waste however, paper, carton etc. are 
dropped in the waste room by either the employees themselves or the janitor. The general 
attitude towards waste management and recycling was believed to be positive but due to the 
lack of rules and structure many felt resigned to make an effort. Household waste was rarely 
sorted due to lack of space in the kitchen and too much hassle. No one among the staff felt it 
was their responsibility to organize the waste; it should come from higher above meaning the 
school board. For the system to work not only must the containers fit the given area, they have 
to be simple and accessible to use. KTH does currently have a buying agreement on waste 
furniture however, due to the size of it and that no one is officially assigned to empty it, very 
few departments have bought it.  

Complete notes from the interview are found in appendix IV. 

The student Union House 
Quite recently the student union house started to work with waste management. Efforts have 
been made earlier however never all the way. Studies have been made pointing out the 
“what:s” but not how to actually perform the changes and maintain them. The union house is 
very eager on cooperating with KTH on environmental issues since it will not only be cheaper 
for the students but the impact will be greater as well. The interviewee, the deputy director, 
pointed out that it has to be the same system everywhere, so it is recognizable. If it is the only 
available option, students will be forced to use it. The union house is separate from KTH and 
everything bought is paid with money from the students. The house receives a lot of deliveries 
in carton boxes (to the book shop, restaurant, café, bar etc.) subsequently an investment in a 
carton press has been made. This way transports and expenses can be saved since more 
cartons can be transported in every truck. The deputy director said that students in general are 
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positive to recycling and that ambitions exist such as having a box for recycling paper in all 
the offices. However, students seldom see the whole picture meaning they want to be energy 
smart but due to lack of insight, actions are taken that unfortunately are contra productive to 
energy saving. They do not understand or know the impacts of their behavior in all cases. But 
if they are told or rules are set up, then they will follow. This goes for the entire student union 
house; it has ambitions but is constantly faced by setbacks. Having worked with students, the 
interviewee was certain that if a recycling system was installed it would have a positive effect. 
If the norm is to recycle, the students will do it. They are smart and educated but convenience 
and conditions affects their behavior. It is important though, that it is the same system 
everywhere and that it is recognizable because that establishes trust in it and signifies its 
importance. At the union house, they wish to be able to sort glass, cans and combustible waste 
which will cover the most occurring waste. 

Complete notes from the interview are found in appendix V. 

SITA  
SITA is a major waste management company. They offer services to a broad range of 
customers. With over 1100 coworkers placed in over 60 communities in Sweden they gather 
and sort waste for reuse, recycling and incineration as well as landfill disposals (SITA, 
Snabbfakta).   

At KTH, SITA picks up paper once a week whilst the other fractions are picked up when the 
janitor make a pick up order. According to SITA, some departments need a weekly pick up 
and some need less. There are no current data on how much each department produces, only 
figures on the total amount. Everything that is picked up needs to be in special cages on 
wheels or in smaller containers so that waste can be lifted with the back lift of the vehicle. 
The workers do not handle the waste manually but everything is done with the vehicle. The 
bulky waste from KTH is transported to SITA’s facility in Kovik and the rest is transported to 
their facility in Högdalen (SITA, Återvinningscentraler). 

When picking up the waste it is important that each fraction is separated and that no materials 
get mixed. Everything must lie loose in the containers otherwise SITA will not collect it thus 
collecting waste in plastic bags is not an option. This is due to the fact that SITA needs to see 
that when picking up the waste things are correctly separated. This is to minimize the work 
load in the second phase of the recycling. However, since the person picking up the waste 
cannot see the bottom of the container, occasionally misplaced waste can be found in the 
different fractions such as the waste being in a plastic bag. When this happens, the entire pick 
up can be disparaged and disallowed and the waste ends up at the landfill which is very costly 
for the company since they cannot charge their customer the error therefore SITA is very 
thorough when picking up the waste and with the separation.  

All the gathered packages are owned by FTI (see chapter 1.2) and they also decide what 
happens to the packages. Carton is sold to the paper mill paying the highest. Regarding the 
handling of the waste, Swedish Work Environment Agency set up rules on how the work 
should be performed. This is made from an ergonomic point of view and also covers how the 
working environment should be in order to reduce stress and injuries. This is the reason for 
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very little waste being handled manually since the weight load can become quite high. Other 
rules concern the actual area around the waste room such as the slope of the road to the room 
and the number of doors and other obstacles that are allowed before reaching the waste.  

For a transcript of the interview, see appendix VI. 

Current waste management solution 
From the interviews, the current waste handling system could be mapped as seen in figure 6. 

 

 

Figure 6. The current waste management at KTH. The pink circles represent fractions that can be found everywhere within 
the respective area. 

 

Different personas were created based on the previous interviewed user groups and their 
opinions on the current waste system, see figure 7. 
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Figure 7. From the interview results different personas could be developed symbolizing the users’ views on the current waste 
management. 

 

Observations 
From the observations it became evident that the design of the waste containers differs from 
each building. Some have waste sorting and some do not. The main focus seemed to be to 
separate paper from household waste but in general the ambitions were quite different at 
different departments. The placing of containers was along walls, close to pillars, doors and in 
common areas. The feeling was as if the main goal was to make sure that waste did not end up 
at the wrong place i.e. on the floor, left on tables etc hence tons of containers could be found 
placed over the entire campus. In some cases, the containers that actually encouraged sorting 
were too similar and the sorting went wrong due to the fact that students did not notice the 
difference until after having thrown the garbage. Some areas used signs to inform about the 
sorting but they often disappeared behind posters hung up by students. Some containers even 
had hand written signs as a result of frustration of misplaced waste which gave indicated that 
one person was annoyed and not that it actually was a demand on the behalf of the students or 
the staff. The most used containers were the ones placed according to how the students move, 
meaning door passages and study areas. Students would not go to another room to sort the 
waste even if such container existed there; they always chose the one closest to where they 
were even if it was full. A lot of containers were overfilled which suggests that students will 
use the container closest to them even though it is full. For the complete analysis see appendix 
VII. 
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Figure 8. Observations of the current situation at KTH. 

 

The waste rooms were mainly on the ground floor or basement of the buildings. They mostly 
contained all fractions but the containers varied in size due to the room’s capacity as well as 
the amount of waste produced at that faculty. Mainly four types of containers were found; 
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buckets, lattices, smaller plastic containers and plastic bags. All the sorted waste gathered on 
the campus must be collected in a way that enables it to be thrown in any of the containers in 
the waste rooms, meaning not to heavy nor to clumsy to carry. Each fraction had a sign for 
what it should contain. The organization of the different fractions was made by each faculty.  

 

 

Figure 9. Some of the waste rooms observations. 

 

Different waste flows could be observed as well and the current positions of the containers 
over campus confirmed the observation. In crowded areas where there is a large flow of 
students and staff such as corridors, entrances and lecture halls, only single containers in 
which everything could be thrown or a maximum of three fractions were found. The three 
fractions were paper, cans and household waste and were considered being the most common 
waste kinds that students produce and what is possible to sort during big crowd flows. If more 
fractions would be placed, space would be lost making the containers obstacles in the flow. In 
lunchrooms, bigger efforts for recycling different fractions were made at some faculties. This 
may be because in those rooms, even though a lot of students are coming and going, it is 
mainly between certain hours and even at that time, students stand still a lot due to ques. 
Hence the possibility to encourage a more thorough recycling is available. Offices do not have 
such big crowd flows as the rest of the area at school however; lack of space seemed to be the 
biggest reason for not being able to recycle more as well as the actual handling of the waste.  
Fractions such as bulky waste and chemical waste were seen less often and often concentrated 
to specific areas of the campus such as workshops and laboratories where detailed handling 
prescriptions existed. 

It was observed that different solutions for handling waste existed over the entire campus.  
The solutions considered to be the best fit for their purpose as well as the least fit was 
analyzed so to see what that could be good implementing and what to avoid in the final 
solution, see figure 10. 
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Figure 10. The best and least fit containers found at KTH Campus. They were evaluated by looking at pros and cons, the 
orange representing the cons and the green the pros. 

 

The perspective of a student 
8 students from different faculties were interviewed regarding their recycling habits and why 
or why not. The questioning method enabled the students to speak more freely about the 
subject giving a deeper understanding of their thinking and attitude towards the subject. For a 
complete transcript of the interviews, see appendix VIII. Based on the interviews three 
different personas were developed, see figure 11. 
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Figure 11. Personas representing the different students that exist at KTH. 

 

The first is the one that know that it is good and wants to try but due to lack of knowledge and 
too many obstacles, do not recycle. The commitment is not strong enough because the 
benefits of recycling does not exceed the negative aspects such as waste recycling taking a lot 
of space at home, where to recycle and that it usually requires extra effort to go dump the 
trash.  

The second is the person that do recycle because that is what you do, meaning there is no 
second thought regarding why not. This person was raised with recycling as a natural part of 
his upbringing and that as a consumer of nature; you should give something back to preserve 
it. Not only does this person not question the good deed of it and the positive outcome but 
also sees the act as of a fulfillment such as good karma. These persons grew up having 
recycling stations accessible so even if it is trickier to recycle where they live now, they do it 
anyhow since it is a habit and otherwise they would get a bad conscious for neglecting it. 

The third person can be seen as a mix of the previous two. This persona knows that it is said 
to be good for the environment to recycle but is not fully convinced. This is due to the fact 
that it is normally quite a hassle to sort the waste, houses do not always offer that option, the 
recycling stations are difficult to reach or not within a good distance on the way to for 
example the subway. Since the benefits of recycling is not seen in his surroundings and that 
he is under the notion that too few people recycle, this persona doubts that it actually is a 
beneficial way of handling the waste due to all transports and the energy consumption of 
processing the waste. To get information about how the companies’ process the waste and its 
entire life cycle is of interest. 

Some other comments were made such as that waste containers are not emptied often enough 
and especially those that encourages sorting. This was seen as a common phenomenon during 
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exam periods when a lot of bottles and cans are used and thrown away causing these fractions 
to get full quite quickly. This leads to a lot of people not using them since they are full and 
throw their bottles in other waste containers. The actual sorting in several cases was not the 
tricky part; it was to get the recycling as a part of the daily routine that was troublesome. Even 
if some did not recycle on a daily basis, they did try to recycle glass but that was mainly 
because of concern for the future handling of the waste meaning that no one should cut 
himself when handling the waste and also that the glass could damage the bag and letting the 
trash fall out. One of the interviewees took a sustainability course with about 200 students 
from the computer science department. They discussed whether or not sustainability was a 
relevant matter for them in their education and future work, more than 90 % believed it not to 
be relevant. They could not understand how it affects them and how they could have a 
positive impact on society by adapting a more eco-friendly mindset to their work. This 
information can be interpreted as students understanding that it is said to be good to recycle, 
but not seeing how they as individuals can contribute to a more sustainable society.  

Students were asked to do an open photo study, a photo journal, to document and write about 
the waste, recycling and sustainable things and actions they encounter in their everyday life. 
The results of the photo study can be found in appendix IX.  

From the pictures and the comments, it became clear that the students’ main associations with 
the chosen words were mostly connected to negative thoughts. Most pictures portrayed 
garbage, the misplacement of garbage, bad consumption or handling of waste which caused 
irritation, frustration and disgust. Some pictures were also of the actual recycling, the different 
options that the students encounter. The negative thoughts were often towards the actions of 
others, very little connected to the person himself while the few positive objects that were 
captured had to do with one’s own choices such as going recycling or sorting food waste in 
the cantina. The positive thoughts were not connected to someone else’s doing even though 
the actions were a result of the occurring circumstances given by the surroundings.  

The chosen posts were about waste and waste management meaning the first stage of the 
waste management cycle before the waste is processed and reused. The words recycling and 
sustainability is hence not about the long term gains and losses but about the problems that are 
visible. This suggests that students do not notice or see what they get back from the recycling. 
They mainly see the problems such as too much trash, too much consumption or the fact that 
it is a good deed to recycle. Very little of the outcomes of recycling is seen and noticed.   

 

Figure 12. Examples of the gathered pictures from the photo journal study 
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Existing sustainable systems 

Hammarby sjöstad 
A visit was made to Glashusett, the info center of Hammarby sjöstad. Hammarby sjöstad is an 
area in Stockholm built with the goal of being as environmental friendly as possible in both 
materials and usage.  

 

 

Figure 13. An city map of Hammarby Sjöstad found at Glashusett. 

 

By using eco-friendly methods, the citizens are encouraged to live by more environmental 
friendly standards such as lower consumption of water and electricity and foremost by 
recycling (Glashusett, 2007). The area has an underground vacuum system, provided by 
Envac, in which the garbage is transported once thrown in one of the three waste containers. 
Each house has its own system but in the end all pipes are connected together and the garbage 
is transported to one of the end stations where it can be sucked up by waste trucks and 
transported to local recycling facilities (Glashusett, 2007). The waste is thrown in special 
designed paper bags that the habitants can collect at Glashusett. The material polishes the 
pipes when the bag is transported, this is to keep the low friction in the pipes so less power is 
needed to both transport and pick up the waste (Glashusett, 2007). Glashusett not only works 
as an information center about Hammarby sjöstad, they also teach about how to live eco 
friendlier.  

As the staff at Glashusett is educated on sustainability and have experience from educating 
and meeting people from all around the world, an interview with one of the staff was held.  

To create a good solution for waste handling it was considered crucial to understand the user 
and the entire chain of how waste is handled at KTH and what happens to it afterwards. An 
aspect to have in mind is that KTH is an international environment and cultural differences 
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can occur regarding the view on recycling. From their experience and taking Hammarby 
sjöstad as an example it is always good to create a social responsibility around a task and to 
create social pressure. This will have a big impact on changing a behavior as well as 
maintaining it. Also, whenever implementing something new in a society, it is important that 
the system works without any bottle necks so to gain trust with the user. Otherwise the user 
will stop using it. It should also be recognizable and the same everywhere because that 
increase a belief in the system and that it is of importance. If it is everywhere, it will 
eventually become a habit to use the system. From experience, Glashusett said that core 
features to introduce something new is that it is simple, flexible and easy to use. Another 
observation on their behalf is that students tend to move in specific areas and keep to those 
areas which can be interesting from a “placement” point of view. People only do things to 
either avoid something or to get something, perhaps including the students in the process and 
give them something in return for their effort would be an interesting angle.  

Linköpings universitet 
The University of Linköping (LiU) is considered to work very actively with environmental 
questions and came in 12th place in 2012 as world’s best environment university among 214 
participating universities from 50 countries in the UI GreenMetric World University Ranking, 
a research made by Universitas Indonesia in Indonesia (Linköpings Universitet). In 2010, 
2011 and 2012, the LiU was awarded as the university with the best ecofriendly attitude in the 
world by the International student barometer (Nilsen, 2013). This has been perceived as a 
result based on successful research within environmental matters that is made on LiU as well 
as the actions the school has taken regarding environmental improvements including well-
structured waste management and energy efficiency (Linköpings Universitet).  

The following structure for waste management can be found at LiU, see table 10. For a more 
detailed description of all the waste that is recycled at LiU, see Avfallshandboken that can be 
found at www.liu.se. 
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Type of waste How it is managed 
Combustible and organic waste Thrown in containers and barrels emptied by the 

office cleaning personnel. 
Paper Thrown in recycling cartons/wire baskets found 

in the offices which are later emptied in big 
barrels for paper. 

Wellpapp Collected in wire cages/carriers or left in the 
corridors where the office cleaning personnel pick 
it up.  

Packages(metal, plastic, paper) Containers can be found in the waste rooms and 
bigger recycling stations are placed around the 
campus, foremost in office spaces and student 
kitchens. 

Glass Collected in recycling furniture within the area. 
Laboratories collect glass in smaller containers 
such as buckets. 

Toners and ink Collected in containers found in the printing room 
and waste room. 

Electronics Left on a pallet at the working place which is 
picked up by house service. 

Light bulbs, light tubes, low energy lamps Changed by electrician and collected in waste 
room. 

Batteries Pipes for collecting batteries are placed around in 
the different houses. 

Table 10.  The different waste fractions and their placement that can be found at LiU (SAMS arbetsgrupp för 
avfallsfrågor, 2010). 

 

Each year 500 ton of waste is collected at the campus of LiU. Almost everything is recycled 
except a small amount of bulky waste. Normal waste is used for energy extraction 
(Linköpings Universitet).  

According to Avfallshandboken of LiU (a book with guidelines, structure and information for 
how waste should be managed at LiU) each employee and student has a responsibility to use 
the containers and furniture available for waste management and recycling.  Information 
about how this should be conducted is available on bigger recycling furniture and waste 
rooms as well as the LiU homepage. If information is lacking, then the office cleaning staff 
should be contacted or the waste manager at that specific institution. If they cannot be 
reached, the prefect, environment coordinator or the work group for waste should be 
contacted. It is stated that each institution or equal should offer recycling furniture and 
directions for how to recycle the waste (SAMS arbetsgrupp för avfallsfrågor, 2010). 
Containers for the most common waste fractions should be accessible in staff rooms, printing 
and copy rooms, student entrances and in connection to class rooms. In laboratories special 
containers adapted for the different laboratory waste should be available. Some differences do 
however occur between the different campuses.  

LiU aims to make sure that the same recycling routines will be implemented over the entire 
campus.  However, depending on the structure of the buildings and the way staff and students 
move, adaptations of what is recycled where has been made. The following table informs 
where different containers can be found.  
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Where What 
Entrances with big student flows Combustible, plastic bottles, aluminum cans and 

office paper 
Staff rooms and student kitchens Combustible, plastic bottles, aluminum cans, 

plastics, metal packages, glass (colored and 
uncolored), paper/carton packages 

Smaller coffee break rooms Combustible 
Student common rooms Combustible, plastic bottles, aluminum cans, 

plastics, metal, glass (colored and uncolored), 
newspapers, batteries, paper/carton packages and 
office paper 

Big copy rooms Office paper, newspapers, toners, light bulbs, 
carton, paper/carton packages, combustible, 
batteries 

Office rooms Combustible and office paper 
Lecture halls Combustible and office paper 
Reading areas Combustible and office paper 
Class rooms Combustible, plastic bottles, aluminum cans and 

office paper 
Recycling rooms All the mentioned fractions and lighting pipes, 

electronics, metal waste, dangerous waste lockers 
Storage for dangerous waste Chemical waste and cutting waste 

Table 11. The placement of different waste fraction containers at LiU (SAMS arbetsgrupp för avfallsfrågor, 2010). 

 

The local service personnel empty the recycling containers found around campus and 
transport the waste to the waste rooms. From the waste rooms the waste is transported to a 
centralized collecting depot where the recycling company picks it up and transports it to the 
recycling facilities. Office paper and newspapers are gathered in rolling containers the service 
at LiU pulls out outside each house for the recycling company to pick it up. Dangerous waste 
is picked up at its storage place by the recycling company (SAMS arbetsgrupp för 
avfallsfrågor, 2010).  

 

2.1.3. Problems and opportunities found from the user research 
From the user research, the following problems could be concluded whereas the opportunities 
can be used as a base for further development of the project: 
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No system or strategy 

Troublesome 
Different opinions on recycling 

Uncertainties 
Lack in feedback 

No trust  
No accessibility 

Bottlenecks 
No notion of the benefits of recycling 

in everyday life 
Laziness 

 

Positive attitude exists 
Collaborate between KTH and the 

Student Union House 
Feel good - KARMA 

Social pressure 
Lifestyle 

The “only way” 
Give and gain 
See the results 

Focus on positive feedback rather than 
creating a positive attitude 

Personal responsibility 
 

 

From the research it became clear that the new waste system should focus less on creating 
stronger positive attitudes, and more on giving positive feedback. It is a common perception 
that one ought to recycle and it is a good deed. People tend to recycle according to materials 
and not if it’s a package or not. People felt satisfied by the notion of contributing to a better 
environment however, uncertainty regarding other people’s performance, the feedback on 
what happens with the waste, the symbols and systems that differs did however inflict on that 
satisfaction creating a more negative association towards the entire concept of recycling. The 
waste collection was often felt incomplete which lowered the credibility of the system. 
Ambiguity regarding to what extent you as an individual is responsible for waste management 
in public spaces or work often results in not recycling. It is important to know that the waste is 
taken well care of as well as the environmental consequences to create a better credibility. 
Simplicity, comfortableness and clarification are crucial factors for people to use a waste 
system. Information that points out the moral significance in acting environmental friendly 
and that activates social and personal norms has a bigger impact on behavior. To have a 
notion that it is beneficial, that it is effective, that others in his or her surrounding also do it, is 
important to motivate users to change behavior, simplicity might not always be enough. The 
information about recycling should hence apply to social norms or be accessible, 
unambiguous and have a high value of instruction. Finally it is suggested to connect 
information about waste prevention to other values than the environment such as economical 
or lifestyle values.  

Figure 14. The left circle contains the problems that were found and the right circle contains the opportunities that were 
found. 
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2.2. Concept development 
The goal of the concept development phase was to design a feasible solution that allowed the 
possibility for further development. In order to achieve the goal, limitations based on previous 
research were set and additional inspiration was acquired. 

The idea generation consisted of several steps, the first being to assemble the research and 
analyze it further to get a better understanding and a reference point for the ideas. 

2.2.1. Methods 
For the concept development phase different methods were used as presented below. 

An affinity diagram was made in order to define the main findings from the user research and 
translate them to functional requirements. Affinity diagramming is a process used to 
externalize and meaningfully cluster information gathered from research and observations to 
help capture research-backed insights, observations, concerns and requirements on sticky 
notes. The notes are then clustered according to interactions and connections between them 
which form research based themes (Hannington & Martin, 2012). 

A user journey map was made based on the concluded requirements from the affinity 
diagramming. The user journey map visualizes the experience people have when interacting 
with a product or service so that each moment can be evaluated (Hannington & Martin, 2012). 
The map was created to define what to focus on when continuing with the concept 
development. 

The idea generation phase consisted of semi-structured brainstorming sessions and concept 
sketching. The brainstorming was first performed individually and later in groups in order to 
gather as many ideas as possible based on the user journey map. Concept sketching was used 
to illustrate the ideas to better evaluate them in a later phase.  

An image board is a collage of collected pictures and its purpose is to visually communicate a 
description of targeted design intent (Hannington & Martin, 2012). In this case, an image 
board was created to communicate the targeted aesthetics and the feeling of the future 
concept. 

The concept evaluation was made according to how well the concepts answered desired 
criteria. Paper mock-ups were made as well to get a better feel for the concepts and evaluated 
in participative test sessions with real users.  

 

2.2.2. Affinity diagramming 
From the research, key-points were gathered on sticky notes based on the research source. 
Then key-points were grouped according to how they related to each other in order to see 
what the main problems and conclusions were, see figure 15.   
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Figure 15. The three different stages of affinity diagramming with the final result in the third picture to the right. 

 

Based on the diagram, key elements for the system was settled, see figure 16. 

 

Figure 16. Summary of the affinity diagramming with 5 different key elements important for the final system. 

 

Based on the affinity diagramming, the following statements were set to guide the process 
further: 

• Faculty people prioritize their own responsibility. 
• People are lazy. 
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• Students need to be reminded of cause and effect since they do not see the 
consequences of their actions. 

• People at KTH are proud of their school. 
• People like to feel good. 
• “Small step for man, giant leap for mankind” – state of mind is not prevalent. 

 

2.2.3. User journey mapping – defining the system 
A more general brainstorming was held based on the research to see which features should be 
included in the waste sorting system. The brainstorming generated a final suggestion on how 
the system should work, see figure 17. 

 

Figure 17. A system scenario of the waste management system and its features.  

 

The system states that four different stakeholders are involved in order to make it fully 
functional; the students and staff that produce waste and throws it away, the Site Service Unit 
and cleaning staff that empties the containers and SITA who picks it up. The system is a chain 
of events that can be divided into three events each dependent of the previous. This said, it 
can be concluded that in order for the emptying and picking up to work, the actual sorting 
must work flawlessly meaning if the first stage of throwing away trash is not properly done 
and the system does not properly work, the other events will be affected and poorly executed 
as well thus the entire effort of recycling will be redundant. Therefore the focus of the project 
became to make sure students and staff recycle properly and to get them engaged in the 
process so trust and belief in the system is gained. A communication plan as well as a clear 
structure for placement of containers and emptying them will be suggested as well. However, 
to ensure no bottlenecks occurred within the waste management system the needs of the four 
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stakeholders were taken into consideration. Having this as reference point, eleven 
requirements were determined: 

 Requirements  
• The waste system should be adaptable in size (so to fit different locations). 
• The system should handle the most common waste at KTH. 
• The system should be easy to empty so that the waste can be taken to the 

waste room and then emptied by SITA. 
• When emptying a container, the weight of the waste should not exceed 

ergonomic standards for cleaning staff. 
• The system should be accessible. 
• The system should be user friendly. 
• The system should fit the KTH brand. 
• The system should be simple. 
• The system should give positive feedback. 
• The system should inform on what happens with the waste. 
• The system should be as environmental friendly as possible. 

An initial market research was made before brainstorming to see what current solutions that 
exist, see appendix X. 

 

2.2.4. Idea generation 
The concept would in the end consist of different parts therefore the brainstorming consisted 
of different phases and sessions.  

Design with intent 
One of the goals of the project was to reduce people’s environmental impact by changing their 
behavior or habits. Persuasion is a known method within marketing but very new in design. 
Persuasive design is to craft a product’s user experience so that the actual interaction between 
product and user changes the behavior of the user. By incorporating this kind of design in the 
product, a long term change in behavior and mindset can be acquired.  BJ Fogg has developed 
different tools within persuasive design, one of them being to make a behavior easier or more 
convenient (Fogg). This means to enable a behavior for the user, making shortcuts or lead the 
user through the process when to encourage a complicated behavior. For the waste system, the 
design method could be implemented by making the placing of the containers more 
convenient to increase accessibility or to create a good interface for the project to make the 
usage of it easier. Another tool is to give feedback, for instant on how the product is 
performing or the impact of the usage of the product. Using persuasive techniques where 
cause and effect is clearly stated for the user can also trigger a behavioral change or 
encouragement.  Other tools that Fogg mentions are to play with rewards/punishments, 
modeling a behavior or social support. Persuasion can happen on different levels and for this 
project the preferable level would be to use microuasion, meaning to use a subtle version of 
persuasion (Faludi, 2009) .   
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A first reflection on how to communicate with the users was done using the Design with 
intent toolkit by Dan Lockton as a reference point. Design with intent refers to use design as a 
tool to influence people’s behavior or to result in a certain behavior. The toolkit uses different 
lenses as a way of grouping the different design options in accordance to fields of research. 
The lenses include architectural, error proofing, interaction, ludic, perceptual and cognitive 
(Lockton). The architectural, interactive and cognitive lenses were found to be most suiting 
for the waste system. The result from the reflection is seen in figure 18. 

 

 

Figure 18. Different ideas gathered using design with intent toolkit. 

 

Brainstorming and concept sketching  
First a private brainstorming was performed which based on previous research generated 
several ideas and directions. To get a wider perspective on the problem, a brainstorming 
session with four participants from the user group between the ages of 23-26 was held. For the 
outline of the session, see appendix XI. A second brainstorming session was held with Reload 
design. 
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Figure 19. Pictures from the brainstorming session. 

From the brainstorming, different concepts were developed. During the concept generating 
phase, additional concerns were taken into account such as material and the brand identity of 
KTH.  

 

 

Figure 20. Some of the developed concepts based on the brainstorming. 

 

Point of focus 
Before evaluating the brainstorming session and later the concepts, based on the values of 
KTH and previous information clustering, core features were targeted in order to see what 
was desired the most and what should be included in a concept, see figure 21. 
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Figure 21. To the left, a diagram presenting how the product should be perceived. To the right, a spider web diagram 
covering the required key features for the container to work. 

 

The core values of KTH are creativity, art and technology which would be incorporated in the 
new system. Creativity would equal the fun factor in the system, art would refer the aesthetics 
of the system and the technology would be seen in the smartness of the system and that it is 
“fit for purpose”. The figure above explains on what distance these features should be noticed. 
At distance, the design will catch the user’s interest, while approaching the usability and 
simplicity will be seen and when the user has reached the system and used it, it will surprise 
him or her and give pleasure in using it. 

The spider diagram symbolizes what the system should include more specifically and what is 
of importance based on previous information clustering, requirements and behavioral design 
analysis.  

An image board based on the KTH brand as well as the observations was created to 
communicate the targeted aesthetics and feeling of the future concept, see figure 22.  
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Figure 22. An image board representing the aesthetic and interactive design intent for the final concept. Clean and sleek 
design meets playfulness and awareness.  

 

2.2.5. Concept evaluation and testing 
To evaluate the different concepts, paper mock-ups where made and participative test sessions 
were held. 

Container 
The brainstorming and concept development ended in 8 different concepts. Each concept was 
evaluated on a scale of 1 to 10, where 1 equaled not fulfilled at all and 10 fully fulfilled 
according to 5 different criteria seen in the spider web diagram in figure 20, see page 38. 
These were considered to be the most important and crucial for the concept to succeed. The 
concepts with the highest potential of success were the following, see figure 23. 
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Figure 23. Top left corner: the hexagon, top right corner: the fast food box, bottom left corner: the skyline and the bottom 
right corner: the kite. 

 

Easy to empty was graded according to how you could empty the container with minimal 
physical strain i.e. from the side or above. Space efficient referred to how much space the 
containers needed and what was available at school, adaptable referred to how adaptable the 
container was in shape and size so it could fit different environments. KTH identity referred 
to how well the container suited the KTH brand and vision. Surfaces for information referred 
to how the design and its surfaces could potentially be used for feedback and interaction with 
the user. For the entire grading of all the concepts, see appendix XII. 

The Hexagon concept consisted of hexagon shaped containers with lids that could be used for 
displaying information. The shape was considered desirable for its adaptability in size. 

The Fast food box concept was based on a Chinese fast food box. It is built in one piece 
making it simple to manufacture, assemble and transport.  

The Skyline concept uses different heights on the containers to cognitively communicate 
where different types of waste go.   

The Kite concept also uses different heights and both straight and angled sides to create an 
interesting experience and attractive look for the users. The different angles create 
adaptability in size as well.  
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Figure 24. Evaluation of the four concepts. 

With this in mind, paper mockups were made where the possibilities of the hexagon was 
confirmed and resulting in it being chosen for further development. 

Feedback 
In order to evaluate the different feedback concepts, tests were made on the five concepts 
considered having the most potential for the purpose of involving the user in his or hers 
actions as well as giving positive feedback see figure 25. 
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Figure 25. The different feedback concepts that were evaluated. The numbers at the bottom represents different states of the 
feedback; 1 representing initial state and 2 when the container has been filled. 

 

For a detailed description of the concepts as well as the tests and its results see appendix XIII. 
Three participants, all students between the ages of 25-28, were asked to throw waste in a 
container while acknowledging the feedback they were given on their actions. The procedure 
was done for each of the five concepts, see figure 26. 

 

 

Figure 26. Participants testing four out of the five different feedback concepts. 

 

Each participant had their own way of perceiving the different concepts, from thinking 
metaphorically to very literally. This confirmed that feedback is very personal. Though, some 
details were recognized alike such as the color green. The green color gave the feeling of 
doing something right, something positive and something related to nature as the color green 
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was mostly associated with nature and sustainability. A tree as a symbol was also positively 
connected to nature however; white clouds gave the feeling of something wrong or very 
vague. The tree concepts were felt as rewarding from a gaming point of view however the 
purpose of the trees was perceived very different among the participants. When adding the 
CO2 sign and numbers, all the participants suddenly felt responsibility for their actions since 
they knew that CO2 is bad for the environment. Using an axis with figures and a green bar 
was perceived both positive and motivating because the users felt they were contributing and 
at the same time working towards a goal. However, having a negatively graded axis going 
from 1 to 6 and a bar that increased was perceived very confusing and the feedback was 
misinterpreted. The purpose of recycling is to decrease the CO2 emission and the bar 
suggested the opposite according to the participants. Facts and figures were more motivating 
but less rewarding than trees and clouds and the color green was confirming that something 
good was being done. 

Communication 
To evaluate the different waste sorting symbols, paper mock-ups were made, see figure 27. 

 

Figure 27. Carton mockups of the four different communication concepts. 

3 participants, all students between the ages of 25-28, were shown the different concepts, one 
at a time and an open discussion was held regarding how they interpreted the symbols. They 
were also asked if they felt certain of what the symbols said, what they thought was clear and 
unclear and what they that was good and less good. 

The discussion generated several conclusions. The perception of a symbol is very individual. 
In general everyone understood what that was supposed to be recycled however some 
information details made the participants in some cases question if they understood the 
symbol right or not. However, it became clear that the detailing of the symbol was crucial in 
the confirming of the action as well as to make the user more certain of recycling correctly. 
With a clean design, the main message could be received. The participants also felt that seeing 
the recycle symbol was ensuring the waste sorting was for a good cause. To add information 
about the end result of recycling was perceived interesting however it would not be regarded 
if the participant was in a hurry therefore was such information considered better placed 
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somewhere else, as a suggestion in the context of when people are standing still i.e. lunch 
cues since people are more prone to read and take in text while waiting. When in a hurry, that 
kind of information would mostly be distracting and the waste symbol would be difficult to 
spot. To find a balance between a new refreshing symbol and a symbol users can relate to 
seemed to  be the main requirement but most importantly, to keep it clean and simple.   

 

 

Figure 28. Summary of the evaluation of the concepts. 

 

2.3. The chosen concept 
For the final concept, the hexagon design was chosen where the goal was to create a clean 
design that suits the vision of KTH. The results from the feedback tests were used to create a 
new enhanced version of the CO2 bar which should embody the feeling of playfulness but at 
the same time be educational. Having used the information from the communication tests, a 
new symbol concept was created. Based on the cognitive aspects of design with intent, colors 
were also used to separate the different fractions from each other. The outcome of the concept 
development phase can be seen in figure 29. 
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Figure 29. Sketch of the final concept and its features. 

 

The hexagon shape is inspired by the honeycomb. Bees build their beehives using the 
hexagon and it is a shape when creating a pattern requiring little material, is space efficient 
and at the same time gives good strength (Peterson, 1999). The bees are considered to be 
nature’s own engineers who combine creativity and efficiency into their constructions. The 
man-made honeycomb structure can today be found in other implementations such as 
aerospace. 

 

2.4. Embodiment of concept  
The following chapters describe the embodiment of the concept to confirm its feasibility. 

 

2.4.1. Ergonomics in waste handling 
There are currently no rules regarding how much a person is allowed to lift during a work 
day. In each particular case an investigation has to be made to evaluate the work tasks and see 
if any risks for injury or accident exist. Factors that need to be taken into account is how often 
the lift is performed, in what physical condition the person is, if time for recovery exists, the 
surroundings, time pressure etc (Arbetsmiljöverket).  

However, some guidelines regarding weight ergonomics are constituted by the Swedish Work 
Environment Authority (Arbetsmiljöverket); 

• A lift of less than 7 kg within the distance of a under arm length and less than 3 kg 
within the distance of three quarters of an arm length is acceptable during good 
conditions.  
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• A weight lift of 7 - 25 kg within the distance of the under arm length should be 
investigated further. The same goes for weight between 3-15 kg within the distance of 
three quarters of an arm length (Arbetarskyddsstyrelsen författningssamling, 1998).  

To empty a waste container a person is required to work with a bent back and a lot of lifting, 
sometimes even very heavy lifting. This might be done several times a day which means a 
continuous exposure to unilateral load and bad work postures (Allt om Städ). With this in 
mind as well as the restrictions mentioned above, a solution for how to empty the container 
was developed as well as how the different fractions should be handled.  

To fill a container with office paper it requires a lot of paper. This means that the container 
came easily become very heavy compared to a container filled with aluminum cans and pet 
bottles where a lot of air pockets are created. Combustible waste can obtain high weights as 
well depending on what it is filled with. For instance, food waste becomes more compact in a 
container compared to plastic waste where the packages create air pockets in the container.  

For optimal care of the waste as little lifting as possible was desired. From the analysis of the 
current solutions at KTH, see chapter 2.1.2., big containers used wheels and were often 
opened from the side. Space was however a limitation and to avoid littering a lot of containers 
is needed which means that the size of the container is limited. It can also be said that since 
the waste would be separated the containers would not require being as big as if one container 
would handle all type of waste. By scattering out the options, small containers were of 
preference since the availability would increase.  

The final concept would allow three different kinds of emptying depending on waste and 
placement of the containers, see figure 30. 

 

 

Figure 30. The different containers and their solutions of empty. 
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The smallest container is mainly for office environment and with the handle it can be lifted 
and carried out to the waste room. If preferred, only the bag can be taken out or put on the 
cleaning trolley. The container is primarily for waste source separation in the office and copy 
rooms.  

The medium sized containers are emptied by lifting the lid and pulling up the waste bag. 
When lifting it out, the container expands itself making the emptying smoother and quicker 
for the user.  

For fractions that require big containers due to high waste production, the container is 
designed to fit waste containers to minimize the load when emptying. This way, no heavy lifts 
are performed and the container itself is transported to the waste room. This is mainly for 
lunch areas and for office paper in computer rooms and copy rooms. It can also be used for 
waste bags hung on a mobile waste bag hanger.  

 

2.4.2. Technical features and manufacturing 
The final concept comes in 4 different sizes depending on what kind of waste it should handle 
as well as where it should be placed.  

Measurements  
The largest container should be able to fit a waste container of medium size, 140 liters.  A 
container of this size is 500 (including the wheels) x 543 x 1065 mm (San Sac).  

The biggest diameter of a hexagon D and the smallest d were calculated as following 

𝐷 = 2𝑡 

𝑑 = 𝑡√3 

 

Figure 31. The hexagon and its dimensions.  

 

where t was the length of one side and also the door through which the waste container must 
go. In order to fit the containers, the hexagon would have the following measurements, 

𝑡 ≥ 500 𝑚𝑚 
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𝑑 ≥ 866 𝑚𝑚 

𝐷 ≥ 1000 𝑚𝑚 

As space was a requirement that needed to be taken into consideration and this size is to be 
used in lunch rooms; an area where space is not in abundance and also where a lot of waste is 
produced in a short time, this size was not an option.  

As a reference to decide on a waste container’s waste capacity, the following information was 
gathered  

100 𝑙 = 100 𝑑𝑚3 = 55 𝑘𝑔 𝑝𝑎𝑝𝑒𝑟 = 130 𝐴𝑙𝑢𝑚𝑖𝑛𝑢𝑚 𝑐𝑎𝑛𝑠 = 95 𝑝𝑙𝑎𝑠𝑡𝑖𝑐 𝑏𝑜𝑡𝑡𝑙𝑒𝑠 (San Sac) 

The smaller containers would come in four different sizes, 25 L, 45 L, 50 L and 60 L. Since 
all of them have the same bottom size so they can be placed next to each other, the following 
equation for determining a proper height and width was derived; 

𝐴 ∙ 𝐻60 = 60 𝑑𝑚3 

𝐴 ∙ 𝐻50 = 50 𝑑𝑚3 

𝐴 ∙ 𝐻45 = 45 𝑑𝑚3 

𝐴 ∙ 𝐻25 = 25 𝑑𝑚3 

Where  

𝐴 =
3√3

2
𝑡2 

The following describes the final measurements and sizes of the different waste containers, 
see figure 32. 
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Figure 32. The dimensions of the different containers. The thickness of the steel was determined to 1.5 mm and the angle of 
the lid was set to 25°. 

 

To create a uniform feel to the concept, it was important that the lids had the same angle and 
that the same information symbols were used. The height of the smaller containers was based 
on the previous equations to fit the requested amount of waste. For more detailed equations, 
see appendix XIV. 

Feedback 
The feedback consists of a bar that demonstrates how much CO2 that can be compensated by 
recycling. This means that it is dependable on both which type of waste that is in the container 
as well as the weight of the waste since different materials have different impacts on the CO2 
emission. The feedback system will only be available in the hexagonal shaped containers. 

There are different ways of how this measurement could be retrieved. To keep the 
manufacturing as simple as possible, the number of components should be as low as possible. 
A force sensor is of recommendation due to its accuracy and the design of the container. A 
force sensor also known as a force-sensing resistor (FSR) is a polymer thick film device 
which exhibits decreasing resistance with increasing force. These sensors usually have an 
average measurement current of < 20 µA and can have a thickness as low as 0.30 mm. The 
life span of a FSR is over 2 million actuations and it is of low cost, requires no 
microprocessor and has a high volume production process (Interlink Electronics) .  

Another potential solution is to use a pressure sensor between the floor and the container or a 
spring however, the accuracy can differ and the waste differentiates in shape both which could 
affect the outcome of the measurements.  
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The force sensors are attached to the edges on which the bag is hung. This will give a rather 
accurate interpretation of the mass of the waste as the force on the sensor would increase the 
heavier the bag becomes.  

The bar can be made in several ways, however, the image of the bar should be educative and 
yet playful. Therefore an OLED display is of preference since it is simple to use, light 
weighted and durable thus making it is easy to incorporate in the product without altering the 
design.  

OLED (Organic Light Emitting Diodes) is currently considered to be a fairly new display 
technology. It is a flat light emitting technology that consists of a series of organic thin films 
between two conductors (OLED News and Information). When a current is applied, light is 
emitted hence no backlight is required. OLED can therefore be used as displays and lightning. 
They are very thin and can be put on flexible materials, so it can both be flat and also used as 
a bendable and flexible display. Since the display is not covered by glass, it is considered to 
be more durable. In general these kinds of displays have low power consumption, give better 
contrasts and brightness can be made very thin and they can operate in a broader temperature 
range (OLED News and Information). One drawback for the OLED displays is that they have 
a limited life span due to the organic film. The film will gradually lose its light emitting 
properties. Blue screens have a life span of 5000 hours but manufacturers are working on 
extending it (Digi-Key Corporation). Though for this concept, a green screen is desired and 
might have a different life span.  

Both sensor and screen will need a power source, a battery of some sort, which should be 
attached next to the screen on the inside of the container. An algorithm for how to convert the 
sensor measurements into a graph on the OLED will also be needed to be programmed hence 
a circuit board/tiny processor for configuration is needed. For the battery, a lithium ion battery 
is of preference since it is both rechargeable and has a high energy density compared to other 
type of rechargeable batteries. They also operate in higher voltage which is beneficial for 
sustaining power to both the sensor and the OLED display and it also means that a single cell 
can be used instead of several. This kind of battery also has a lower self-discharge rate which 
means they will retain their charge a longer time than other types (Green Batteries).  

Material and manufacturing 
Before choosing a material criteria were set in order to find the most suitable material, 

• It should be recyclable 
• It should be able to flex i.e. good elasticity – high yield strength 
• Easy to clean and maintain  
• Durable so it withstands the weight of the waste on the bag hatches i.e. good strength 
• Be colored and get a nice finish on the surface 
• Have good hardness so it resists scratches, wear and tear. 
• Good resistance against food, fluids etc. 
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Based on the above criteria together with information gathered from the program CES 
Edupack 2012, see figure 33, steel was chosen as the final material for the container. To 
obtain a certain wished color and surface, the material will be varnished with powder coating. 

The powder coating will have the qualities of giving good corrosion protection, good 
mechanical resistance and UV resistance. A suggested coating is Alesta IP Gloss, which is 
used for decoration and protection of industrial metal for both indoor and outdoor use (Axalta 
Coating Systems).  However, a more environmental friendly alternative called GreenCoat 
have been developed by SSAB but is yet only available on readymade building and 
construction steel, not as a separate varnish. This alternative can be of interest in the future 
though. 

 

 

Figure 33. A material bubble graph where yield strength is compared to the hardness of the material. The colored bubbles 
suggest materials that are recyclable. 

 

Other materials that could be of interest are Polyethylene (though the flexibility might not be 
sufficient), an Aluminum alloy or DuraPulp3 however of technical reasons steel is believed to 
be the best suited for this purpose.  

The bags used for the containers are recommended to be 100% recycled polyethylene (PE) or 
water rejecting paper. Polyethylene consists of polymer chains and is good for recycling and 
combustion. During combustion energy, carbon dioxide and water are emitted.  The paper 
bags are manufactured from renewable raw material and consist of wood spill from wood 
                                                 
3 DuraPulp is a bio composite material consisting of a special fiber of cellulose and a biopolymer, both which 
are made from recycled materials and making the DuraPulp completely biodegradable. When heat treated, the 
material properties become very similar to the ones of plastics. 
 



57 
 

works and leftovers from timber cutting. This type of bag is suited for compost and retting but 
in this case it is recommended to be used to gather paper in the smaller containers so that the 
bags can be recycled together with the paper (San Sac).  

The container consists of two parts, the lid and the body. The body will be manufactured in 
one part as well as the lid. Both shapes are manufactured using water cutting and later bent 
using sheet bending to get the shapes. Both methods work well for single jobs as well as large 
production (Lefteri, 2007). Water cutting requires no extra tools and the design can be taken 
directly from a CAD model hence the set up costs for this method are fairly low. Both 
methods are suitable for more complex forms and can give relatively good tolerances (Lefteri, 
2007). The water in the water cutting machine is recycled back into the process by creating a 
closed loop of the system which reduces the needed water resources. And due to the fact that 
no extra tools are needed, little maintenance is needed. No heat is used which also reduces the 
energy use while manufacturing. Having chosen steel, the waste from the manufacturing can 
be recycled as well (Lefteri, 2007).   

 

2.5. Life cycle assessment and environmental impact of 
the final concept 

To analyze if it is beneficial from a sustainable point of view to produce, introduce and 
implement this system at KTH a Life Cycle Assessment (LCA) was performed. The results 
would later be compared to the environmental gains that would occur if this system would be 
installed. 

The purpose of a LCA is to see the whole life cycle of a product from production to recycling 
of the product and how it affects the environment. By analyzing usage, transportation and 
recycling of the product the CO2 consumption is retrieved. The LCA was made using the Eco 
Audit Tool in CES Edupack 2012. The life cycle of a medium size container of 60 L, for 
combustible waste was evaluated and later compared to the waste recycling gains. 

The first step in the LCA was to decide material, mass, recycled content, process (i.e. 
manufacturing) and end of life of the different parts in the product.  Some of the parameters 
were based on assumption as well as estimations.  
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Part Material Total 
mass 

Recycled 
content 

Process End of life route 

Container 
(middle size) 

Steel 11 kg Virgin (0 %) Water jet cutting (main 
process: extrusion) 

Recycling 

Lid Steel 0,8  kg Virgin (0 %) Water jet cutting (main 
process: extrusion) 

Recycling 

Circuit card Integrated circuit 
small 

100 g Virgin (0 %) - Down-cycle 

Power source Lithion-Ion 
rechargeable 
battery 

15 g Virgin (0 %) - Down-cycle 

OLED screen Carbon and 
hydrogen 

40 g Virgin (0 %) - Combustion 

Force sensing 
resistor 

Flexible substrate 
with electrodes 

10 g Virgin (0 %) - Down-cycle 

Bag 1 PE 50 g 100 % Blown film extrusion Combustion 
Table 12. The different parameters for the different parts of the container. 

 

The next step was to choose the transportation of the product. The container will be produced 
in Sweden and manufactured in Stockholm and transported by truck. The bags are also 
produced in Sweden. The force sensor will be imported from the US and the OLED from 
England (OLED News and Information). The batteries will be imported from China and the 
circuit card will be manufactured in Sweden.  

The last step of the LCA was to determine the usage phase which was based on estimations 
and research information see chapter 1.7.  

 

  
Product life 20 years 
OLED screen life 198 000 h 
Force sensor life 5 years 
Use location Sweden (Stockholm) 
Energy input/output Electrical to electrical 
Power rating 3,7 V (based on battery capacity) 
Usage per day (feedback) 10 h 
Usage per year (feedback) 40 weeks, 5 days à week 
Usage per day (container) 1 (emptying) 
Usage per year (container) 40 weeks, 5 days à week 

Table 13. Parameters for the usage phase of the container. 

 

For more details on the input data of the LCA, see appendix XV. From the LCA, the 
following results were obtained, see figure 34 and 35. 
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Figure 34. The energy consumption of the waste containers. 

 

 

Figure 35. The CO2 footprint of the waste containers. 

 

Phase Energy (MJ) Energy (%) CO2 (kg) CO2 (%) 
Material 518 38.9 36.7 73.5 
Manufacture 60.6 4.5 4.54 9.1 
Transport 59.1 4.4 4.2 8.4 
Use 686 51.5 3.88 7.8 
Disposal 8.38 0.6 0.586 1.2 
Total (for first life) 1.33e+03 100 49.9 100 
End of life potential -225  -14.4  

Table 14. The numerical data for the different phases during the life cycle of the containers. 

 

As previous figures show, the highest energy consumption will come from the material and 
usage phase while the highest CO2 footprint will be from the material phase. In both cases, the 
material has a big impact and that is due to the high amount of steel that is required. In the 
analysis, the steel was set to be 100% virgin. If recycled steel would be used, the impact 
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would decrease. In the analysis, the product life was set to 20 years and the calculation did not 
include that the force sensor needs to be changed every five years however, seeing as the 
material of the container itself has the biggest impact within the material phase and the 
manufacture and transport is relatively low, this should not inflict the overall result.  

In order to see if the concept was of benefit for the school, an assumptive example was made. 
If the solution would be implemented at KTH, the reduction of carbon footprint during one 
year of usage would correspond to the following: 

A 60 liter container for bottles and cans is emptied 3 times a week, 40 weeks per year. The 
amount of saved CO2 for one year would result in the following: 

60 liter container = 63 plastic bottles = 46 aluminum cans (see chapter 2.4.2.) 

60 liter x 3 x 40 = 63 plastic bottles x 3 x 40 = 7560 plastic bottles = - 15210 kg CO2 (Stena 
Recycling) 

60 liter x 3 x 40 = 46 aluminum cans x 3 x 40 = 5520 aluminum cans = - 828 kg CO2 (Stena 
Recycling) 

Based on Swedish electricity consumption in 2007 (Stena Recycling),  

• 1 kg CO2 = vacuum cleaning for 17 hours 
• 10 kg CO2 = a 9W low energy lamp being on for 3 years and 4 months 
• 100 kg CO2 = a 42 inch LCD TV being on for 2 years and 3 months 
• 1000 kg CO2 = a consumption of 278 liters of petrol 

Using the new waste sorting system for its 20 year lifespan would still be beneficial for KTH 
since the gains and the positive environmental impact would outweigh the economic and 
environmental material and production costs. Though the above scenario is put to the extreme, 
if only half of the amount of plastic bottles and aluminum cans would be recycled in a year, 
the gains would still be high enough to make up for the negative impacts of the waste sorting 
system. Within one to two years the gains would reach breakeven compared to the negative 
impacts of making the waste management system.  
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3. RESULTS 
The final waste sorting system consists of three parts; containers, a communication plan and a 
management and organization structure. This project focused on developing a container and 
the management of the waste whereas the communication plan is only on a conceptual level. 
Within the system, a plan for how the recycling should be handled on campus is suggested as 
well as how to place the containers in order to make the concept work.  

 

3.1. Sustainable me 
The final system aims to encourage students to recycle and at the same time create an 
awareness of KTH Campus Lab and the environmental measures that take place at KTH 
campus. By implementing a uniform waste container system over the entire campus, students 
will be more likely to learn to use the system. It also reflects a new image of KTH; as a 
campus working for a sustainable environment. The system will be trustworthy as it is 
implemented everywhere. In some areas, more fractions can be found i.e. recycling stations. 
At these stations, information boards tell more about the waste recycling work that KTH is 
doing as well as the results of it. In addition to this, a new website will be built and QR4-codes 
to the website can be found on the information boards. On the website of KTH, a link to the 
Sustainable me site can be found where students and staff can get easy access to the results of 
the new improved waste management. All facts regarding the recycling at KTH from both 
SITA and Akademiska Hus are can be found on the site. Other information regarding the 
work for a sustainable campus can also be found such as goals, news, current work, links and 
what you as a student at KTH can do to contribute to a sustainable campus. Figure 36 
illustrates an overview of the new waste management system.  

 

                                                 
4 Quick response code which can be scanned using a smart phone. 
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Figure 36. Sustainable me – the new and improved waste management system. 

 

3.2. Container 
The container comes in five different sizes and are made of steel and varnished in white to 
give a uniform feel and clean look. They also use the same symbols and signs to communicate 
with the users. By having angled lids, the user will easier be able to see the signs before 
recycling. The angled lid also creates a more inviting look to tell the user that the container 
“wants” the waste. The biggest container is adapted to fit waste containers to handle bigger 
amount of waste, see figure 37. 

 

 

Figure 37. The big sized container and its compellation when three fractions are put together. 
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It is opened from the front so that the container can be taken out. The smaller ones are placed 
around campus and offices, see figure 38. 

 

 

Figure 38. The middle sized containers for combustible waste, office paper and bottles and cans and their different 
constellations. 

 

They are emptied by opening the lid and the pulling out the waste bag while the container 
expands to make the task smoother, see figure 39.  

 

 

Figure 39. The middle sized container expanding possibility. 
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The smaller containers have a feedback system to increase the awareness of the efforts. When 
the weight in the container increases, the bar on the container indicates how much carbon 
dioxide emissions that can be reduced when that amount of waste is recycled, see figure 40. 

 

           

Figure 40. The feedback bars where the green color indicates how much CO2 that is saved through recycling. The bars also 
inform how much the container is filled.  

 

The purpose of the feedback is to tell the users that what they are doing actually is beneficial 
for the environment and make them feel good and responsible for contributing. 

To help the users separate the waste, the signs combines shape and color see figure 41. This 
way, people will associate different colors with different fractions making recycling much less 
of an effort as well as it will reduce the faulty separation of waste. 
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Figure 41. The different signs and colors for the different fractions. 

 

3.3. Communication 
To give the containers and the entire waste management system a unifying identity, a 
hexagonal green pattern will be used, see figure 42. 

 

 

Figure 42. The hexagon carpet created with stickers. 
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On them, information can be seen such as the QR code to the website and where to find 
another container if that particular one is full ex. “next container only 20 sec away”. On the 
big containers, the hexagons will be found on the front side of the container. Where the big 
containers will be placed, information boards about the system and gains can be found. The 
strategy of placing the boards resembles the information found on milk cartons. If a person is 
waiting i.e. standing in line, which will often be the case where these big containers are 
placed, he or she will without further thought start reading signs just to make time go by and 
because there is nothing else to do. The boards will inform about the system, profits of 
recycling i.e. fact such as X amount of recycled paper saves X number of trees and also the 
QR code to the website. In a subtle way, the users will be persuaded to read the information 
due to the circumstances of the surroundings. See figure 43 and 44 for an example of an 
information board and a website.  

 

 

Figure 43. An example of how the sign will look like to inform about Sustainable me and recycling. 

 

Figure 44. A conceptual design of the webpage and its content. 
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3.4. Management 
The containers come in five different sizes adapted to the different needs that were found on 
campus; from computer rooms and lunch rooms to small offices and common areas. A 
scheme of the waste management can be seen in figure 45. 

 

 

Figure 45. The placement of the different fractions as well as who is responsible of emptying them. The dotted lines indicate 
who is responsible for taking care of the waste and emptying the containers at that particular area. 

 

Cleaning personnel will empty the containers in student areas where as the site service unit is 
responsible for handling waste in the other areas. Since there are more fractions of waste in 
offices and lunch rooms, the recycling stations will have more sorting options. In these areas 
people tend to have more time to recycle. PET-bottles and aluminum cans are picked up in the 
waste rooms and recycled by the Site Service Unit. The profits can either be donated back to 
school or to the student union house. Placement suggestions can be seen in figure 46 and 47. 
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Figure 46. An example of how to place the containers in lecture halls, classrooms, hallways and toilets. 

 

 

Figure 47. An example of how to place the containers in different lunch areas. 
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3.5. System requirements 
The following requirements describe the final system and can be used for implementing it. 

Container size 25 L 45 L 50 L 60 L 
Length side (mm) 160 160 160 160 
Width(mm) 320 320 320 320 
Depth(mm) 277.1 277.1 277.1 277.1 
Max. height (mm) 506  810 890 1035 
Angle(deg) 25 25 25 25 
Material Steel Steel Steel Steel 
Thickness (mm) 1.5 1.5 1.5 1.5 
Varnish Alesta IP Gloss Alesta IP Gloss Alesta IP Gloss Alesta IP Gloss 
Manufacturing 
method 

Water jet cutting 
and soldering 

Water jet 
cutting and 
soldering 

Water jet 
cutting and 
soldering 

Water jet 
cutting and 
soldering 

Bag 100 % recycled 
Paper/ PE 

100 % recycled 
Paper/ PE 

100 % recycled 
Paper/ PE 

100 % recycled 
Paper/ PE 

Feedback No Yes Yes Yes 
Electronics None OLED display, 

FSR-sensor, Li-
battery, circuit 

board 

OLED display, 
FSR-sensor, Li-
battery, circuit 

board 

OLED display, 
FSR-sensor, Li-
battery, circuit 

board 
Other Has a handle for 

carrying it directly 
to the waste rooms. 

- - - 

Table 15. Requirements for the small and medium sized containers. 

 

Container size 140 L 
Width (mm) 520 
Depth (mm) 550 
Min. height (mm) 1080 
Angle(deg) 25 
Material Steel 
Metal thickness (mm) 1.5 
Varnish Alesta IP Gloss 
Manufacturing Water jet cutting 
Bag No, fits a medium sized waste container of 140 

mm for direct emptying and recycling according 
to SITA. 

Feedback Yes – an information board 
Electronics No 

Table 16. Requirements for the big containers. 
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SUSTAINABLE ME 
Updated regularly 
Gives feedback 
Engages staff and students 

 
Contains: 
statistics 
goals 
news 
information: KTH waste management, where to recycle, what kind of fascilities, how to contribute, 
get involved etc. 
links: what happens to the waste, SITA etc. 
Zero Emission Campus Lab 

Table 17. Requirements for the website and communication plan. 
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4. CONCLUSION 
In order to introduce waste recycling at KTH, a new waste management system is required.  

The current system lacks both organizational structure and necessary infrastructure for proper 
recycling which creates frustration and reluctance among students and staff to recycle. Since 
the responsibility is divided among the different schools, every school handles recycling 
differently and with different ambitions. Because of these system flaws KTH loses trust and 
credibility as a university striving for a sustainable environment. Another issue that was found 
is that much of the environmental work of KTH is unknown both internally and externally.  

Combustion for energy is beneficial and effective from an economic point of view. On a long 
term basis it is also considered to be the most cost effective alternative for handling waste 
however, material recycling has a lower impact on the environment. It was therefore 
concluded that based on current circumstances at KTH to recycle the materials which are 
simple and efficient to separate and to use combustion for the remaining materials.  

Simplicity is a key factor in achieving a behavioral change and motivation to that change is 
acquired through trust. A positive attitude towards recycling exists but due to mistrust in other 
peoples’ efforts the personal commitment is perceived as making little impact. The young 
adult generation is aware of recycling as something good but lack knowledge of the 
consequences. They tend to only think of the present and not of the long term impacts. 
Satisfaction is gained through the idea of contributing to a better environment and to see the 
effects of one’s efforts. It became evident that in order to succeed, the system must be 
trustworthy which can be obtained through a bottleneck free system which uses 
communication and the pressure of social responsibility. Recycling at KTH must become a 
lifestyle.  

To make certain that the new system prevails, it is crucial that it is simple to use and efficient. 
Students are at a constant go unless they are in a lecture hall. That is why the division of 
fractions must be as simple as possible since no one will stop twice to have a second look on 
where that particular waste was thrown. This means that only the most necessary fractions 
should be available: bottles, cans, paper and combustible. Depending on students’ moving 
pattern, containers and fractions can be decided.  

To make sure everyone uses the new system it became clear that it should be the only 
available solution. However, to make KTH to an environmental friendly campus more is 
required. KTH need to guarantee that the waste is properly handled and recycled and that the 
environmental impacts on the environment are as low as possible. For this, communication 
and feedback are vital. A combination of results, gains and goals together with social pressure 
and personal norms can be used to affect not only the behavior but also the belief in KTH as a 
green campus.  

The developed waste management system is an idea of what to implement and how to 
implement recycling at KTH according to the current technical recycling possibilities. Though 
a lot of research is taken into consideration, the system needs further testing and development.    
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5. DISCUSSION/RECOMMENDATIONS 
The future development of the concept was analyzed in order to come up strategies for 
different outcomes when implementing the system. 

 

5.1. Methods 
The chosen research methods were considered to be the best suited for the cause due to the 
need to acquire deeper insights as well as the given time frame. However, quality was deemed 
more valid than quantity due to the condition of the project hence no surveys were conducted. 
Another reason for this choice was the fact that the obtained reading material from the frame-
of-reference included mostly quantitative research which applied to society in general. 
Therefore qualitative research aimed at KTH students and staff was needed to get to the 
bottom of the problems occurring specifically at KTH. 

The photo study was a test to see how committed students would become and also to try a 
new way to reach out to them instead of surveys. The study was considered to give a more 
interesting outcome from a cultural and societal point of view as well as to trigger students to 
open their eyes to the subject. The study could have been conducted for a longer period to 
increase the validity of the results. As students did get involved, this method can be used in a 
later phase of the launch of the system to create an awareness of sustainability.  

For the concept development phase, a regular brainstorming session was held. If more 
brainstorming techniques would have been used, perhaps the number of different concepts 
and ideas could have increased. Other brainstorming techniques that might have been of value 
are for example “thinking opposite” or brainwriting. Involving students in the brainstorming 
was considered successful as more insights and thoughts were gathered which contributed to 
the concept development.  

During testing, prototypes were built which gave a better understanding of the concepts. 
However, a more iterative prototyping process would have given more validity to the results, 
especially regarding the interaction with the system.  

 

5.2. The concept 
When looking back at the research and the received results, the developed system is believed 
to solve the problems that were encountered. The division of the different fractions will 
increase the recycling at KTH and also be feasible for the cleaning staff as well as the Site 
Service Unit to empty and maintain given their time and possible effort. By putting up a clear 
structure of who is responsible for what and the emptying of what, the biggest bottle neck is 
removed. Though this structure should be improved and developed further to become more 
detailed as the concept only gives an overall view of the management. 

 As for the containers, the main focus was to get the students and staff involved in separating 
the waste. The concept should be developed further from the cleaning personnel point of view 
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and look at what equipment they use. It might even be necessary to develop a waste trolley 
that is adapted for KTH and the new system to make the emptying even simpler for them and 
that matches the requirements from SITA. The manufacturing, material and electronics are 
suggested based on what seems to be best fit for the purpose from an environmentally point of 
view and to keep the product as simple as possible, all on a conceptual level. Further research 
and testing is needed on these parts to see if they will work and also exactly which 
components that is needed for the concept. Regarding the feedback, it is believed that it will 
increase the commitment of the users and assure them of their action. With the feedback the 
users will see the benefits of recycling and trust will be gained which will motivate the users 
to separate the waste. With the new separation the follow up of the recycling will be easier 
and therefore the actual statistics can be much more easily gathered. By showing this 
information on the website, people at KTH will feel that this is a joint commitment, that 
everyone is involved and that their effort makes a difference. The aim is to create an 
atmosphere and mentality where being aware of the environment is connected to you being a 
part of KTH. This will also show the commitment of KTH as working for a better 
environment. If no information is given, people will question the system and the benefits. 
However, this requires that the website is maintained and updated regularly.  

 

5.3. Establishment of the waste management system 
Before launching the concept, students and staff must be informed about the new system and 
the environmental commitment of KTH. This will require a certain amount of communication 
activities. A first communication goal is that the staff and students know of KTH’s 
environmental commitment and understands its importance and that this commitment requires 
a change in their behavior. To achieve this goal it is important that the staff leads by example. 
KTH must walk the talk in order to get the students to follow. Another important factor to get 
students on board is introducing the environmental commitment and what that requires from 
them at an early stage of their KTH education for example during their introduction week. A 
second communication goal is continuous feedback to keep up the motivation and belief. It 
will be important to regularly follow up the results and report them back to the students and to 
set goals so effects are seen so that KTH’s environmental commitment is sustained. To 
achieve both these goals the Sustainable me website is one important communication channel 
as a part of the Zero Emission Campus Lab. An editorial plan needs to be set up that covers 
both the launch phase and the feedback phase.  

During the establishment phase, surveys about the system should be conducted to see how the 
system is perceived, what could be improved etc. to really secure that no bottlenecks occur as 
well as that the right information is given.  

 

5.4. Future development  
The concept Sustainable me introduces waste recycling at KTH Campus and is mainly an 
analysis on what is needed, which problems that exist and how to handle them to minimize 
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them. The concept is formed according to what is feasible today regarding space and current 
circumstances. Having said this, these circumstances might change over time. 

When the system is established and the first two communication goals are reached meaning 
when KTH is identified as an environment conscious campus and recycling is a given 
procedure at KTH maintaining the communication and the waste management system is 
crucial. Even at this point, regular surveys should be conducted to keep the system up to date. 
Looking back to chapter 1.5 it was stated that depending on where a person is in its 
motivation and trust in recycling, different information is needed. Eventually it might be of 
interest to do different information and communication over the school year for example 
when new students arrive compared to students that are accustomed to the system. In which 
case, once the system is established, both students and staff should be involved to continue 
developing it. 

At the moment, few are aware of any environmental work that is performed at KTH and the 
beliefs of the gains vary. In the future, students might actually learn and take the knowledge 
home and eventually even implement it at their soon to be workplaces. To increase the 
awareness of the system and the environmental work done at KTH, a special day for green 
activities can be introduced such as inviting companies to talk about their actions for working 
in an environmental friendlier matter and have case-competitions where students are to reuse 
waste/products and create something. This could also be a week of activities to launch and 
introduce the new waste management system. 

Eventually, the system can be expanded. Further research should be done if it is possible to 
introduce composting at KTH. At the moment, it might cause more trouble than solving 
anything, but once the recycling becomes a routine, this might be an option. Seeing as each 
faculty has a student area for lunch and other activities, each area can be responsible for their 
own composting. There are a lot of green areas at KTH, and the compost can either be used at 
KTH for growing trees or similar or it can be given away to neighborhoods or other schools in 
the area. Not only will this engage the students and make them feel a part of the KTH’s 
environmental commitment, it will also show that the school beliefs in its students and their 
commitment. The cans and bottles that are gathered can eventually be picked up in the waste 
rooms by student organizations and the money can then be used to improve the student areas. 
This can work as a carrot to stimulate the recycling further.  

Another expansion might be to introduce recycling stations for students. Students can leave 
both bulky waste and electronics and the station can be used to trade things as well as fix 
things.  

If Sustainable me does not work which might be due to bottle necks that might occur within 
either handling or gathering the waste, measures must be taken to make quick improvements. 
As mentioned above, once the system is installed, information from students and staff must be 
gathered to see what works and what does not work. If a problem occurs, that bottleneck must 
be removed instantly. 
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If a problem is found with the division of fractions, placement or function of the containers, 
an evaluation of them must be done. It might be necessary to remove some fractions as they 
might cause more trouble than they solve and to simplify the system i.e. to only recycle the 
fractions that occur the most or are most convenient to separate like bottles/cans, paper and 
combustible. Once the three fractions are established, the other can slowly be reintroduced. If 
the communication system fails, it should be simplified to only have the most necessary 
details. Though when introducing the system, an information letter to all staff and students 
should be sent so that they are prepared on the changes and the importance of them. The 
website can also be simplified to look like a monthly newsletter which then will only require 
once a month update. 

Another problem that might occur is the actual handling of the waste. In either case it is 
important to involve the cleaning personnel to see how the new system affects them and what 
is needed for them to perform their task. This could be done by introducing a “suggestion 
box” where employees can leave opinions and suggestions on the system. This will show that 
their thoughts are valued hence indirectly will encourage them to take part of the new system. 
By reducing the fractions, some problems might be eliminated which also goes for SITA. If 
the separated waste is not properly prepared for SITA when time for pick up, they will not 
take the waste.  

Before implementing the system, structure, responsibilities and rules need to be clear for all 
involved in handling the containers, the waste and the communication. In chapter 4.3, a 
schedule of who is responsible for picking up which waste was shown however, the Site 
Service Unit is responsible for the maintenance in forms of the electronics etc. of the 
containers. If the containers do not work properly, trust in the system will slowly disappear 
and people will start neglecting the system. It is important that KTH as a whole; students, 
staff and administration is committed to the system otherwise it will fail. It is a team effort 
and if one of the involved loses interest, commitment or leaves their task to the other the 
whole system will break down. 
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APPENDIX I 

Excluded waste fractions 

Dangerous waste 
Waste categorized as dangerous often contains materials or substances harmful for humans or the 
environment if not taken care of properly.  

Dangerous waste is first separated and identified before going into recycling since some substances 
and chemicals can react to each other and become explosive or transform into toxic gas. Hence the 
separation is of high importance. Chemicals and similar waste have one final treatment but are often 
poured into bigger containers so to make the transport safer (Sopor.nu).  

Kitchen appliances are disassembled in order to take out the dangerous substances that might be 
within. The appliances are then chopped in big fragment facilities. Other house appliances such as 
computers are disassembled manually in order to take away the dangerous substances. Then they are 
chopped so that metal can be sorted out.  

Bulky waste 
Bulky waste is waste that does not fit into the recycling containers. It can be everything from furniture, 
skis, ceramics and gardening equipment. 

Most of the waste left at collecting points or left at landfills can be recycled. Pure wood (without color 
or impregnation) is made to chips and sent to heating facilities to be incinerated.  The energy is then 
recycled into electricity and heat (Sopor.nu).  

Metal waste is sent to special addresses where the waste is controlled and misplaced waste is sorted 
out. Bigger objects and waste consisting of several different metals are dismantled by hand, cut or 
grinded and later sorted by the type of metal. More experienced personnel use magnets, air and water 
baths to sort out aluminum, copper, iron, steel, nickel, stainless steel, brass, zinc, tin and led. 
Sometimes, more advanced techniques are required to determine which metals that the waste contains 
(Sopor.nu).  

Earth, rock, brick and concrete are crushed and become cover material at landfills or bottom layers 
when building new roads, parking lots or similar (Sopor.nu).  

A lot more waste can be recycled such as window glass. They are cut out from the frame and sent to 
glassworks to become new raw material (Sopor.nu).   

Other 
About 5 % of the household waste goes to landfills. When the garbage truck arrives to the facility, it is 
weighed and the content is declared. Organic and sorted combustible waste is not allowed to be left at 
landfills. New landfills are built with several layers of tightening and drainage at the bottom so that the 
rain water that leaches out harmful substances can be collected and treated. Landfills that receive 
several different types of waste are built with different departments with walls between. When the 
landfill is full, the waste is covered with different waterproofing in several layers so that water cannot 
get through and landfill gas leak.  Topsoil is being put on and plantings are made so that the landfill 
can be used as for example a recreation area. Usually landfill gas is gathered in pipes inside the landfill 
(Sopor.nu) .  
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APPENDIX II 

Transcript mail conversation with Birgitta Westin (in Swedish) 
Blue = Birgitta Westin, Black = Nicole 

Hej Birgitta, 
 
Jag gör mitt examensarbete för Green Leap där jag ska ta fram ett sopsorteringsystem för KTH som 
en del av Zero Emission Campus Lab projektet de håller på med. Jag fick ditt namn av Karin Öberg 
som är min handledare där.  
 
Jag har lite frågor rörande hanteringen av sopor på KTH och dylikt som jag hoppas du skulle kunna 
svar på alternativt hänvisar mig vidare till någon som kan svara.  
 
1. Har ni på Miljögruppen gjort några undersökningar när det gäller sophanteringen på KTH?   
2011 gjordes en miljöutredning om KTH:s miljöpåverkan där bl.a. avfallsfrågorna ingår. Bifogar denna 
till mailet. Ingen specifik utredning för avfall har gjorts. Varje skola har också gjort en vidare 
utredning utifrån KTH:s betydande miljöaspekter där avfall ingick som en del. Vi har under 2012 ingått 
ett nytt avtal med två entreprenörer, en för kemikalieavfall (SEKA) och en för övrigt avfall (ej 
hushållssopor) SITA. 
 
2. Har ni tittat på vilket avfall som är det vanligast förekommande? (Dvs vilka fraktioner som behövs 
för återvinningen) 
Nej, det har vi inte. Det kommer att finnas möjlighet till sortering för de mest förekommande 
fraktionerna. (Kontorspapper, kartong, metall, glas, plast, kemikalieavfall, farligt avfall, elektronik, 
batterier exempelvis). 

 
3. Har ni gjort någon uppföljning på hur mycket avfall som KTH producerar och redan nu återvinner?  
I utredningen som gjordes konstaterades att tillförlitlig statistik inte fanns. I det nya avtalet gällande 
verksamhetsavfall och kemikalieavfall, (ej hushållssopor då dessa hanteras av Akademiska Hus och 
ingår i hyran), så ska vi få statistik på mängder och typ av avfall rapporterade till oss. 
 
4. Är det ni som ansvarar för hur man hanterar KTH's sopor eller är det Akademiska hus?  
Det ser olika ut beroende på vilket Campus som det gäller. Det är inte alltid Akademiska Hus som är 
hyresvärd och det ser också olika ut även om Akademiska Hus är hyresvärd. Här på KTH Campus 
(Valhallavägen) hanteras Akademiska Hus våra hushållssopor och vi hanterar allt annat avfall. 

 
5. Har ni titta på KTH's miljöpåverkan? och i såna fall, finns det någon rapport om detta man kan 
läsa? 
Ja, det har vi, samma utredning som i fråga 1.  

 

Hej Birgitta! 
 
Tack för ditt svar och för rapporten. Jag undrar, när det gäller hanteringen av sopor, vem är det som 
ansvarar på respektive sektion för att avfallet sorteras och sedan hamnar i soprummen? T.ex. vem går 
med pappret till papperssorteringen i soprummet? Om jag förstått det rätt så är det SITA som hämtar 
soporna i slutändan från soprummen?  
 
Tack så mycket på förhand! 
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Mvh 
Nicole 

Hej, 
  
Ja, det är SITA som hämtar sorterat avfall från soprummen här på KTH Campus. För de andra 
Campusen ser det olika ut.  Hushållsavfallet administreras av Akademiska Hus här på KTH Campus. 
Inom olika skolor och på olika avdelningar ser det olika ut gällande sorteringen, där ska skolorna 
besluta hur detta ska göras och avtala detta med lokalservice ifall man vill ha hjälp med detta. Detta 
jobbar vi med just nu - ansvarig för avtalet med SITA och hanteringen av källsorterat avfall är Conny 
Fält, på lokalserviceavdelningen. 
  
Mvh 
Birgitta 
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APPENDIX III 

Transcript mail conversation with Conny Fält (in Swedish) 
Blue = Conny Fält, Black = Nicole 

Hej Conny, 

Jag fick ditt namn från Birgitta Westin. Jag läser på KTH och gör just nu mitt examensarbete för 
Green Leap där min uppgift är att ta fram ett sopsorteringsystem för KTH i enlighet med deras projekt 
Zero Emission Campus Lab.  
 
Jag har tagit del av KTHs miljöutredning och vet att SITA är ansvariga för att ta hand om avfallet från 
soprummen. 
 
Det jag undrar är hur det fungerar i leden innan?  
 
Varje skola ansvarar själva för sin källsortering om jag förstått det rätt?  
 
Är det personalens egna ansvar att soporna/sorteringen hamnar i soprummen eller är det 
städpersonalen? (vad jag hittat hittentills är det blandat och att även vaktmästare plockar undan).  
 
Hur är det KTH tänkt sig att systemet ska fungera?  
 
Hur ser avtalet med SITA ut? Har ni någon kontaktperson på SITA? Har ni någon uppföljning på hur 
de hanterar KTHs avfall? 
 
Om möjligheten fanns, skulle ni vilja få tillbaka material i sådan form att studenter kan använda det? 
eller t.ex. pant på burkar? 
 
Jag förstår om en del frågor inte går att svara på men jag är tacksam för all information jag kan få :) 
 
Med vänliga hälsningar 
Nicole Sindelar 

Hej Nicole 
  
Det är som du skriver, det är varje skolas ansvar att se till att fraktionerna hanteras på rätt sätt, 
några gör det helt själva, personal eller vaktmästare och några har lejt ut jobbet på lokalvården. 
  
Vi LSA/KTH möblerar upp soprummen med så många fraktioner som möjligt med tanke på utrymmet. 
  
Vi har egen personal som inventerar soprummen varje vecka och faxat in en lista på vad och var som 
skall tömmas  
för att minska transporterna inom campus, samma kille är plockar och viker kartonger mm för att få 
så rena fraktioner som  
möjligt innan hämtning. 
  
När vi skrev det nya avtalet med Sita så var vi överens om att ha 3-4 driftmöten per år. 
  
  
Hoppas du fick det svar du önskade annars får du återkomma eller ringa. 
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Med vänlig hälsning 
Conny 
 

En del nya frågor har dykt upp efter att jag undersökt saker och ting vidare.  
 
- som du sa så ansvarar skolorna själva för hur soporna hamnar i soprummet, men hur kommer det 
sig att inget gemensamt avtal finns för detta? Att till exempel de städföretag som finns på skolan tar 
de sorterade fraktionerna till soprummet? finns det några ambitioner på att sätta upp ett sådant avtal? 
för just nu är det väldigt olika hur alla hanterar sopor och hur väl detta görs. Egentligen beror det 
mest på om det finns folk som är intresserade. En del fraktioner är självklara som t.ex. papper men 
t.ex. i kök osv är det bara en papperskorg för allt skräp. 
 
- hur ofta töms det vanliga papperskorgarna på campus? varje dag? är det städpersonalen som tar 
hand om det? är de anställda av akademiska hus eller av er? 
 
- vem tömmer papperskorgarna utomhus? hur ofta? eller är det samma upplägg som för avfallet 
inomhus? 
 
Tack så mycket på förhand. 
 
Mvh 
Nicole 

Hej 
  
Tyvärr så vet jag inte varför det inte finns ett avtal med våran städpersonal, 
skolorna styr sin egen ekonomi och satsar på dom saker som ligger dom närmast hjärtat ! 
  
Visa skolor har avtal med KTHs lokalvård när det gäller tömning av fraktionerna. 
  
Papperskorgarna i lärosalar och lunchrum töms dagligen, KTHs städpersonal 
Kontorsrum töms enligt avtal mellan KTHs lokalvård och skolan. 
  
Papperskorgar utomhus töms av Campus på uppdrag av Akademiska Hus, hur ofta vet jag inte. 
  
Med vänlig hälsning 
Conny 
 

  



93 
 

APPENDIX IV 

Notes from interview with Fredrik Gröndahl – lector Industrial ecology 
and environment delegate ITM 
At industrial ecology they have one waste sorting furniture that they have to empty themselves. (And 
normal waste bins that are emptied according to an agreement with the cleaning service). 
KTH has an agreement on buying the furniture for each department but no one is buying them since 
there is no existing agreement on emptying the furniture. 
ITM has a special agreement. (?) 
Local service (the cleaning firm) empties the normal waste bins. They do not empty the sorting 
furniture because it is said the waste is too heavy and not ergonomic to handle.  
This is the problem for the entire KTH. The ambition exists, an agreement with SITA exists, the 
furniture exists, but the things in between are not working. 
No one saw this as a service, an extra service. So now there is no use to get special sorting furniture if 
no one is going to empty it. There should be such a service.  
All the departments just want the solution to work. Right now is not working. But it has to come from 
core of the environment department. 
People are positive, and want to be more environmental friendly. But since the system doesn’t work, 
this causes resignation. 
A very neat waste room exists where everything is sorted quite well and SITA picks it up. 
At the moment KTH is using district heating system to heat the entire campus. Hard to make sure that 
the waste produced locally goes strictly back to KTH. 
Organic waste is however different. That could be recycled at spot; a compost system and the fertilizer 
can be used to the gardens of KTH.   
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APPENDIX V 

Notes from interview with Charlotte, Kanslichef THS Kår 
In the beginning paper recycling but not at the offices 
They’ve made some efforts but nothing has really gone all the way through meaning some ideas have 
came up on what to do, what needs to be done etc. but few of the lead to anything real. 
An environmental policy exists but there’s nothing of use in it. It only states the obvious. 
It is known what that is to be done, but focus should be on how to do it and how to continue doing it.  
Works by herself on this however has involved Birgitta Westin, the environment manager and Conny. 
Right now, they’ve bought a carton compression machine due to most things delivered to the union 
house come packed in carton boxes. (The restaurant, the café, the IT-support, the book store, things to 
parties etc.) and each office should recycle paper. Everything here is bought with money from the 
students and with this new machine it’s less transports of waste which is good from en environmental 
point of view. 
The big problem here is that everything goes very slowly. 3 months and still no answer on what kind 
of waste sorting bins to buy for the union house.  
If KTH has an arrangement/deal with a company then it’s beneficial for the union house to be a part of 
it as well because it becomes cheaper for the students.  
Here at the union house they wish to be able to sort glass, cans and combustible. 
The union house has 10 000 members. 
A lot of stuff/parts that doesn’t work here and Charlotte must take care of it herself. Wants to take in 
an environment consult to make a plan for how to make the union house environmental friendlier and 
to actually be the manager of that plan, to take action.  
Right now, all waste inside the house is taken care of by a cleaning firm while if it’s outside then it is 
the campus that takes care of it meaning the service it bought from the campus.  
The student union house is completely apart from KTH but would want to cooperate from an 
environmental point of view.  
They have received input from students on why/how come they don’t have recycling etc… 
But it’s not only waste, a lot of energy is going to waste as well like instead of having led lights or low 
energy lamps normal ones are being used or special ones which consumes a lot of power. If it’s hot 
inside, instead of turning down the heat students open the window, which is then forgotten and left 
open during the night. 
Students want to be more environmental friendly but they don’t think the entire way, see example with 
window. The energy and environment part isn’t in their mind sphere yet. Like how should we be more 
energy smart? 
The house has been classified as a notable building meaning that few or any changes are allowed. The 
house must look the same. So if isolated windows should be installed, they have to look the same as 
the old ones (which is old glass = wavy). This means they need to be custom made which is super 
expensive.  
The board want to make more changes, ambition do exist but it is constantly met by 
discouragements/setbacks. They can never take the idea the entire way and make it feasible and 
consistent.  
Smoking is a big problem, not only here but on the entire campus. The cigarette ends are left 
everywhere and they ash trays are always full and everything is showing. Not a nice sight.  
Deposit cans are a good income source for students. The different students departments could collect 
them from the bins which are in their area and the money can go to student activities.  
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APPENDIX VI 

Transcript mail conversation med SITA (in Swedish) 
Blue = SITA, Black = Nicole  
KTH har ett avtal med SITA där ni ska hämta upp deras avfall och då undrar jag följande: (alla frågor 
är relaterade till avfallet som produceras på KTH)  
 
- finns det någon statistik på hur mycket sopor som hämtas? hur mycket från varje fraktion?  
- hur ofta hämtas det?  
- vid hämtning, hur går det till?  
- var fraktas de olika fraktionerna? jag vet att ni har anläggningar i Kovik och Högdalen men jag 
undrar om det skulle gå att få en mer detaljerad beskrvining av vad som går var och vad som händer 
med det?  
- görs det någon uppföljning på hur mycket som går tillbaka till miljön dvs i form av biogas, 
fjärrvärme osv?  
 
Då jag ska ta fram ett anpassat sorteringssystem tänkte jag även fråga om det finns några 
krav/önskemål från er sida på hur soporna ska vara sorterade? hur de ska ligga? vad som bör tas i 
hänsyn utifrån de regler som finns för hämtning? hur skulle ni vilja ha det för att göra hanteringen 
lättare för er när ni hämtar soporna? tar hand om soporna? 

Hej Nicole!  
Det var många frågor. Jag ska försöka ge dig lite svar.  
 
1. Bifogar statistik per hämtställe från 1/1-13.  
 
2. Det hämtas olika ofta. Returpapper går varje vecka. Well, glas, plast och metall ringer vaktis Henry 
och beställer  
hämtning av när det behövs. På en del ställen behövs det varje vecka och på andra lite mer sällan.  
 
3. Vid hämtning åker bilen fram till hämtstället, chauffören kliver ur och går och hämtar buren/kärlet. 
Drar fram det till bilen, hakar på och tömmer.  
Går tillbaka med buren/kärlet och åker sen vidare till nästa hämtställe. Det vi hämtar måste ligga i kärl 
eller burar som går att lyfta med bilens baklyft.  
Inget manuellt arbete med att ösa ur, lasta in osv.  
 
4. Allt vi hämtar från KTH körs till vår omlastningsstation i Högdalen, utom grovsopor som körs till 
Kovik, Alla förpackningar ägs av FTIAB (Förpackningsinsamlingen AB)  
och de bestämmer över vart de tar vägen efter att vi har samlat in dem. Wellpappen säljer vi till det 
pappersbruk som betalar bäst enl. gällande dagspriser. Vi balar det i stora  
balar som sen hämtas med långtradare och skickas till bruk för att bli ny wellpapp.  
 
På FTI's hemsida hittar du all info om vad som händer med det insamlade materialet vad gäller 
förpackningar (www.ftiab.se)  
 
Grovavfallet sorterar vi på Kovik för att så lite som möjligt skall gå till deponi.  
 
5. Självklart följer vi upp hur mycket av allt vi samlar in på våra anläggningar inte minst för tillståndens 
skull. På vår hemsida kan man som kund själv mäta t ex hur mycket  
koldioxid man sparar genom att återvinna X kg metall osv. Det är inget vi gör åt våra kunder 
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regelmässigt. Vår miljöansvarig i vår region Magdalena Westerberg kan nog  
svara på mer om hur detta arbete går till rent praktiskt om du vill veta.  
 
6. Arbetsmiljöverket har satt upp regler för hur hämtställen ser ut, hur tunga kärl man får dra och hur 
långt osv. Det finns beskrivet på deras hemsida.  
Likaså har Stockholms Stad regler för detta också. T ex hur breda dörrar till ett soprum får vara, att det 
inte får finnas trösklar, trappor osv.  
Jag har inte specialkunskaper om detta, då bör du prata med vårt skyddsombud Knut Otter t ex.  
 
Varje hämtställe måste nås med bil och dragsträckan skall vara så kort som möjligt, så få dörrar som 
möjligt att passera osv. Marken skall vara hårdgjord  
och skottad på vintern osv. Bilen får inte backa för att nå hämtstället utan skall kunna köra framåt hela 
tiden. Hämtning från kajer fungerar inte alltid, men oftast.  
Alla bilar kan inte hämta från kaj och då måste kärlet ställas ner på marknivå med hämtning. Lyftbord 
och sånt måste alltså finnas. Ibland går det att tippa hela  
kärlet ner från kajen in i bilen (beroende på vilken bil som tömmer) men med risk för att kärlet går 
sönder...  
 
Självklart kan detta inte tillgodoses överallt, men då måste vi innan hämtningsstart kolla att det faktiskt 
går att hämta och det brukar avspegla sig i priset på hämtningen annars.  
Det beror också på hur ofta hämtningen kommer att ske och tusen andra faktorer. Vi brukar försöka se 
till att lösa det på ett eller annat sätt tillsammans med kunden.  
 
Vårt drömhämtställe är där det är lätt att köra fram med bilen, nästan inga meter att gå till dörren eller 
rummet där avfallet finns, dra fram kärlet till bilen och tömma.  
Ju färre dörrar att låsa upp, hissar osv desto bättre.    
 
Hoppas du fick lite svar.  
Du får gärna återkomma annars. 

Hälsningar  
 
Jenny Randborg 

Nicole: Jag undrar också om ni har några önskemål om hur soporna ska sorteras? vad som skulle 
underlätta för er när de väl kommer till Högdalen och Kovik utifrån de förutsättningar som finns där? 
Dvs vilket förarbete som önskas? Är det något som väldigt ofta blir felsorterat av kunden? Något som 
ofta är problematiskt? 

Hej igen!  
Soporna skall sorteras precis så som förpackningsinsamlingen föreskriver. Inga konstigheter alls.  
Varje material för sig och rengjort (om nödvändigt) och väl ihopvikt/packat. Inte blött och smutsigt.  
Detta gäller framförallt wellpapp där det är väldigt onödigt att typ fylla ett kärl med en flyttkartong  
och sen ringa efter hämtning (inte så miljövänligt) utan det är såklart bättre att fälla ihop kartongen  
och få ner 35 st i ett kärl som vi hämtar.  
 
Vi har inga problem alls på KTH med hur det sorteras, det funkar jättebra redan idag.  
Det klart att det har hänt någon gång att det är lite slarvigt ihoppackat, men inte värre än att det 
fungerar.  
Och det är inte så alltid. 

Nicole: Hej Jenny, 
vi var i kontakt tidigare i våras angående mitt examensarbete, sopsortering på KTH och nu har det 
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dykt upp lite nya frågor som jag undrar om ni skulle kunna svara på.  
 
1. när ni hämtar soporna, får tillexempel glasflaskor ligga i plastpåsar? Dvs, om man har lägger de 
sorterade soporna i plastpåsar som sedan läggs i burarna och kärlen - är detta ok? Kommer påsarna 
att bli bortsorterade i något led?  
 
anledningen till att jag frågar är för att jag försöker komma på ett bra sätt för städpersonalen att 
förflytta soporna till soprummet.  
 
2. min andra fråga lyder, vet ni hur man gör på andra arbetsplatser? dvs har ni några 
rekommendationer för hur man samla upp soporna som sedan ska bli upphämtade av er i burar och 
kärl? (då man inte kan ha dessa ståendes överallt på offentliga utrymmen) 
 
Tack så mycket på förhand! 
Med vänliga hälsningar 
Nicole 

Hej!  
Här kommer svar på dina frågor:  
 
1. Nej, glas får inte ligga i påsar. Inget får ligga i påsar utan allt måste ligga löst i kärlen. Dels för att vi 
ska kunna se att det är rätt  
sorterat när vi hämtar kärlet och dels för att minimera eftersortering så mycket som möjligt i nästa led.  
Om glaset ligger i påsar (gäller även andra sorters förpackningar) så har chauffören rätt att lämna kvar 
kärlet otömt och sätter då en lapp  
på kärlet att det var osorterat och inte gick att tömma pga det. Om vi tömmer i för mycket osorterat ( 
man ser ju inte hur det ser ut i botten av fullt kärl vid tömning)  
i vår bil så kan vi få hela vårt lass (flera ton) nedklassat och bortdömt. Då måste vi betala för att det 
skall hamna på soptipp och den kostnaden kan vi  
sällan ta ut av kunden. Så vi är mycket noga med att det är rätt sorterat!  
 
2. Jag vet inte riktigt hur man gör runt om på kontor och arbetsplatser. Det är väldigt många som inte 
sorterar och oftast är det på små arbetsplatser där någon av  
de som jobbar har som uppgift (eller löpande i och med köksvecka etc) att tömma källsorteringen i 
köket i soprummet. Städarna brukar sällan vara samma person  
under längre tid och därför brukar det inte fungera så bra när de gör det. De flesta arbetsplatser 
sorterar dock inte tror jag...tyvärr.  
Hotellen,  t ex Scandic, vet jag har en liten vagn som städarna kör runt med när de städar rummen och 
sen sorterar de sina små kärl från vagnen i de  stora.  
Jag tror att du kanske kan hitta något liknande hos www.sansac.se.  
 
Hälsningar  
 
Jenny Randborg 
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APPENDIX VII 

Observation analysis 
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APPENDIX VIII 

Transcript from the 5 Whys interviews 
Students – Do you recycle? 

Female, 25 
No, but oh, I do sort newspapers. 
Only have one waste bin. 
More doesn’t fit in the kitchen and also I don’t know where everything is supposed to go. 
Well, ok, I know that you divide into plastics, glass, and paper but more than that I don’t really know 
that exactly. 
I don’t want to change, too much effort. I’ll admit it, I’m lazy. If someone forces me to recycle, fine or 
if someone stands there all the time telling me to do it.  
My father always told me when I was little that it usually never leads to anything, I mean to sort waste 
since not enough people does it and with all the transports and emissions the system requires.  

Female, 25 
No not where I live right now. But did where I lived earlier. Now I don’t know where the recycling 
station is, or I do know, but it took me ages to find out and it’s far off. 
It’s a detour to go and sort the trash. 
Glass on the other hand is something that I hesitate to throw in the trash so that is something I actually 
do go and recycle. But as I said, it’s a detour. 
Because glass is something that break and it might break while in the trash and then the bag gets 
ripped open and the waste falls out. 
I would want to recycle but the reason for me sorting glass isn’t only for the environment, it’s also 
because of the hassle it creates when broken. So it’s a combo of several things. Packages on the other 
hand, take a lot of space if sorted separately and then you have to go to the recycle station all the time.  
I used to recycle, it was simple and the station was on the way to the bus/subway. I even learnt when 
they emptied the station so I could leave my stuff when the bins were empty.  
If I could choose then I wished there would be more recycle stations and closer so you could have it as 
a part of your routine on going to work. It should also be easy to find info about where they are or that 
each house has their own recycling. The sorting is no problem; I just read what it says on the signs. 

Female, 24 
No, but I collect the newspapers and leave them at the paper recycling station.  
I do it because my mother always did. 
I just haven’t started to recycle because I haven’t engaged myself into it. I’m actually not that aware of 
how I handle garbage. 
Since we never did it at home. I didn’t grow up with it so didn’t really bothered.  
Well, I do try to recycle glass but sometimes a bottle or two slips into the normal household waste but 
then I usually feel bad since the people picking up the waste might cut themselves.  
If a recycling station existed in the house that would be good. The closest one right now is too far 
away. So if I’d recycle more, then there would be more to carry there and more often as well which is 
tedious.  

Male, 24 
Yes. 
I want to preserve the environment. 
Because it is stupid to burn all the waste up, this way we save energy and emissions. 
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I recycle metal, glass, plastics, carton, newspapers, batteries. 
Everything is close and it’s no hassle. 
It would be good to be able to recycle plastics as school. 

Male, 20 
Yes 
The normal stuff, newspapers, carton, glass etc. because it is a simple way of getting rid of the waste. 
It is taken care of in a good way. 
It’s become a habit.  Parents thought me when I was little and yeah, now it’s just something I do out of 
habit and as I said, it’s simple. 
If there would be recycling here I don’t know if I would use it but it doesn’t hurt to do it. 

Female, 25 
No, but bottles and other similar stuff. 
We don’t have anywhere to leave the waste so all the cans sort of just get thrown in the bin.  
If there would be something near the house or inside the house that would make a big difference. Now 
you have to go quite a bit, and for like bulky waste, you have to go out of town and yeah, that doesn’t 
do it for me really. To go through such trouble for it.  
I know that it’s good for the environment to recycle but right now, nothing is clear about how the 
waste actually is taken care off. The process has to be clear and that the companies take care of the 
waste in a good way, like that there isn’t much transport and stuff which contributes to the negative 
impact more than the actual waste. 
In many cases you don’t really know what they do with the waste. If it really is super good to recycle 
how come there isn’t any demands on it?  
It shouldn’t be that hard to recycle. Looking at trash bins here, you have to be clearer about what to go 
where. The ones that actually requests the students to sort paper from household waste well, the bins 
look the same and there’s just a tiny label for the different things. So if you don’t think twice about it, 
it often happens that you throw the thing in the wrong hole, for instant the bins in the library. So like 
color coordinating the waste would be nice because then you don’t have to read or like look an extra 
time before throwing the thing away. 
And also, it’s important the bins get emptied. The bins where you’re supposed to sort the waste, well 
during exam periods they are always full, there’s always too much waste in them especially the bin for 
bottles. It’s not nicely looking, it’s a bit grouse and then you just throw you bottle somewhere else. So 
what’s the point really? 

Male, 21 
Not really, we sort rash only by glass, paper and other 
Our building only has those three bins 
We’ve adapted to what the house offers, since any other type of sorting would end up in the other 
three bins anyways. My whole building has collective trash bins 
I do it because that’s how I was raised, so out of old habit. 
Oh except green would be another bin...but we don’t have one. 
Well I do it cos it’s good for the environment, parents told me at an early age. 
If the possibility existed to sort more I would, the same goes for school environment. I mean, it feels 
good. Good karma. 

Male, 20 
Well yeah, one for food, plastics, batteries so yeah.  
Because the parents do it, they are organized and orderly people so I follow their lead.  
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It’s good to do it. 
It’s a better way of handling waste than let it end up in landfills or anything. This way it goes back to 
us, so you could say it’s a win-win situation really. 
The system works fine, everything is close at hand.  
Regarding school, I don’t know. I go to a sustainability course at the moment with like 200 students 
and they were asked if this is a relevant matter for them in their education and future work, and 97% 
said no. They don’t understand how it affects them. They don’t see the loop of sustainability and how 
they could make an impact through adding a “sustainable” mindset to their work. 
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APPENDIX IX 

Photos from photo study 
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APPENDIX X 

Existing solutions 
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APPENDIX XI 

Outline Brainstorm session 
Brainstorming session Schedule 

Material: paper, post-its, pens, markers, animal stickers 

Short introduction to problem: Each department has their own way of handling waste and recycling 
which is both confusing and hard to follow up. There is currently no optimal existing solution that 
encourages sustainable waste management. 
Aim of the project: The aim of the project is to develop a user friendly and recognizable waste sorting 
system adapted to the needs of KTH that is to be installed over the entire campus as a part of the Zero 
emission Campus Lab.  

The following bold statements are given: 

Faculty people prioritize their own work 
Students are lazy 
People need to be reminded of the cause and effect of actions since they only think in the present and 
what is most convenient 
Students at KTH are proud of their school. 
People like “feeling-good” = good karma 
Small step for man, giant leap for mankind – mentality does not exist. 
 
Each particpant brainstorm 15 minutes by himself 
 
Wish list is introduced: ADAPTABLE – EASY TO USE – REQUIRE LITTLE THINKING 
 
Each particpant brainstorm 15 minutes by himself 
 
Each particpant presents his ideas, feedback and comments are given by the others (only positive or 
“add-on’s”) 
 
The function of system is presented including stakeholders and the main focus: first encounter and 
interaction with the system 
 
Each particpant brainstorm on communication: CAUSE and EFFECT 20 min 
 
Each particpant presents his ideas, feedback and comments are given by the others (only positive or 
“add-on’s”) 
 
Current ideas are presented by me 
 
Further discussion on possible solutions/combinations of ideas  

  



110 
 

  



111 
 

APPENDIX XII 

Concept evaluation BINS 
 

Scale 1 to 10 Wave Flying 
kite 

Hexagon Fast 
food 

Skyline Flying 
box 

Krypto-
nite 

Carnevor 
plant 

Easy to empty 3 6 6 4 8 2 5 4 
KTH identity 4 7 7 7 5 2 4 4 
Space efficient 
(wall and pillars) 

2 6 7 5 5 4 3 5 

Adaptable  5 7 8 6 6 2 5 3 
Surfaces for 
information 

9 4 7 8 5 3 6 3 
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APPENDIX XIII 

Feedback concepts and evaluation 
Feedback and interaction test 

Material: Bin i.e. paper bag, waste i.e. paper rolls, feedback system prototypes 

Participants: 3 students age 25-29, 2 female and one male. 

During this test, 5 feedback prototypes will be tested. The user will be asked to throw the waste in the 
bin meanwhile observing what happens in front of them. This procedure will be done for each of the 
five different concepts. After each concept is tested, the participant will be asked about how he/she 
reacted to the concept, what it meant for them, how it affected them and their general thoughts around 
the concepts. 

Concept 1  

Trees pop up the more you fill the bin. A certain amount of waste corresponds to a tree, the heavier the 
bin is the more trees are seen. The trees represent how much you contribute to nature, one tree 
symbolizing the amount of raw materials that can be saved by using recycled materials. The trees can 
also be seen as nature’s wellbeing, the more trees the happier earth is.  When the bin is full, the 
number of trees is at its maximum. 

Concept 2 

An axis graded with trees gets filled green the more you fill the bin.  When a certain amount is reached 
on the axis it corresponds to saving a tree. When the bin is full, the axis is full. 

Concept 3 

A negatively graded CO2 axis is filled green the more the bin is filled. The axis is to show how much 
CO2 emissions that can be reduced when recycling the waste. When the bin is full, the axis is full.  

Concept 4 

Clouds of CO2 pop up the more you fill the bin. One cloud represents a fix amount of CO2 that can be 
reduced. When the bin is full, the number of clouds is at its maximum. 

Concept 5 

A negatively graded axis is filled with clouds the more the bin is filled.  
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Results 

Participant 1 (female, 25) 

Concept 1: It felt as if I planted a tree or saved a tree. Well, I know that in this case it’s not the case 
but still, you recycle and that can save a tree. The feedback gave a positive feeling and it was fun to 
watch, much unexpected.  Usually I don’t think much or reflect much on what the recycling means 
when I do recycle but now I started to think about it. I did associate it with recycling and that trees can 
be saved. And it was fun because it felt as if you were given points for doing the task.  

Concept 2: This one was a bit difficult to understand but eventually I got it, the axis represents how 
many trees. Yeah this one had a more positive feel than the other, that you were doing something 
good. But it wasn’t as motivating. This can be very good looking on a bin as well. That the axis was 
filled with green felt very positive since I associate the color green with the environment. But still, the 
other one was more rewarding.  

Concept 3:  This one was very good. It’s how much you compensate for the CO2 emissions and it was 
very clear. You sort of got the feeling, “wow, what a difference it made to actually recycle”. It was 
very good to have a graded axis, much more clearly and it became more interesting that way and more 
motivating. Everything became more obvious.  

Concept 4: Ok, this is CO2 with clouds that increase. I guess it is not the aim with this but it felt as if I 
create more CO2 clouds the more I recycle, like if it had a bad consequence. And the whole thing felt 
a bit childish, to use clouds or like if the target group was children. The numbers in previous example 
was more motivating and the trees were more positive both because they are trees and also that they 
were green, both signals are associated with the environment. The clouds are just very unclear.   

Concept 5:  This was clearer than the previous one but still, using the color green in the feedback feels 
more positive, as if you’re doing it right. Here the white clouds doesn’t say a thing, they don’t give the 
positive feedback.  

 

Participant 2 (female 25) 

Concept 1: Well, it’s trees. A bit funny in a way and different. You feel rewarded like you did when 
you were little, you feel good. I guess the trees symbolize that the environment becomes better and 
better the more you recycle. Sort of like a game. You understand that it is good for the environment 
but you also know that this doesn’t mean that a new tree is planted. This felt more as a reward, like if 
your kindergarten teacher says; well done! 

Concept 2: This one is a bit motivating and clearer in its message. The previous one was more fun, 
more rewarding but this felt as if you contributed more to the environment. More goal oriented. The 
previous one wasn’t as clear. With this one, I know that I’m making a difference, I contribute to 
something good. 

Concept 3: A bit unclear, do you get rid of CO2? But since it is facts and figures I feel this is very 
motivating, real proof that I’m contributing. But the positive effects should be enhanced in this case, 
felt a bit vague since the scale is negative in its grading (-1 to -4) but you think it is 1 to 4 and the bar 
increases so my first impression was that I was confused. I was like, why is this increasing when it is 
bad for the environment? Once I looked at it more closely and thought one extra time, then I got it. But 
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the good thing is that this is more clear and realistic. If the bar would go down, like it would diminish 
the CO2 then it would be much straighter forward. But still, here you know what you are aiming for, 
there is an important goal. But the trees were more rewarding.  

Concept 4: Very unclear. You get the idea but it doesn’t feel rewarding or motivating. It is all too 
vague. Trees were much more fun. 

Concept 5: Still unclear, same comment as the other CO2 bar. But the clouds go well with the theme. 
It’s a fun idea but the bar is clearer. Weird that the bar increases when the amount of CO2 decreases. 
But it is good to have numbers, makes it all more clearly but still, the bar is more motivating.  

In general real facts are more interesting and you know you are working towards a goal. The clouds 
are more like: what does this mean? Perhaps if the clouds had numbers on them, then it would be 
clearer.  But I think concept 3 was the most rewarding.  

Participant 3 (male 28) 

Concept 1: Well I see that there is trees. In the beginning I didn’t understand why the trees were there 
but now I get it. I’m recycling paper, hence the trees because you get paper from trees. But the number 
of trees does not correspond to the amount of paper. Is it perhaps some sort of climate compensation? 
That trees are planted? But paper doesn’t help creating trees? Ok, it is fun that the number of trees 
increases but what does it actually mean? 

Concept 2: Oh this was fun. You see the axis and the bar; you want to fill the bar. Then you’ve 
achieved something, achieved a goal. But Im still not certain of what the bar means. 3 trees are 
planted? Does it take 3 trees to manufacture this amount of paper? Very unclear. 

Concept 3: This is not positive. My garbage is creating this much amount of CO2 when it is 
incinerated. (The participant has clearly misunderstood the message of the bar and mistaken the 
negative numbers as axis marks.) The other examples were more positive, the bar increased a positive 
effect/impact of my recycling, here I increase something negative. I feel guilt. Maybe if you could 
climate compensate for the amount of created CO2? It would definitely feel better if I could 
compensate somehow for the negative effects of my waste. 

Concept 4: I’m confused. What does the clouds mean? With CO2? I don’t see the connection here. I 
don’t know if this is positive of negative. Is it maybe the amount of gas? 

Concept 5: Not as clear as the normal bar. I guess this also means the amount of CO2 that my waste is 
creating, the clouds representing gas clouds? But my first thought was regular clouds. This is not 
motivating. Maybe a bit stimulating that you see that something is happening but the outcome is 
negative. I become the bad  guy here.  

The best feeling was given by seeing the green bar. Green is a positive color and it suggested you are 
doing something right but the chosen symbols with tree and clouds are very fuzzy. 
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APPENDIX XIV 

Equations for size of bins 
Four different sizes are requested: 25 L, 45 L, 50 L and 60 L 

25 𝐿 = 25 𝑑𝑚3 

45 𝐿 = 45 𝑑𝑚3 

50 𝐿 = 50 𝑑𝑚3 

60 𝐿 = 60 𝑑𝑚3 

Where the volume is  

𝑉 = 𝐴 ∙ 𝐻 

Where A = area and H = height, this gives the following 

𝐴 ∙ 𝐻60 = 60 𝑑𝑚3 

𝐴 ∙ 𝐻50 = 50 𝑑𝑚3 

𝐴 ∙ 𝐻45 = 45 𝑑𝑚3 

𝐴 ∙ 𝐻15 = 25 𝑑𝑚3 

The area is calculated as follows: 

𝐴 =
3√3

2
𝑡2 

Where t = one side of the hexagon. With 

𝑡 = 160 𝑚𝑚 

𝐴 = 6,65108 ≈ 6,65 𝑑𝑚2 

 

Which leads to  

𝐻60 =
60
𝐴

= 9,023 𝑑𝑚 ≈ 902 𝑚𝑚 
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𝐻50 =
50
𝐴

= 7,519 𝑑𝑚 ≈ 752 𝑚𝑚 

𝐻45 =
45
𝐴

= 6,767 𝑑𝑚 ≈ 677 𝑚𝑚 

𝐻25 =
25
𝐴

= 3,759 𝑑𝑚 ≈ 376 𝑚𝑚 

This is the height the bins must have to fill the desired amount of waste. Since the lid should have an 
angle of 25° extra height is needed.  

 

𝑑 = 𝑡√3 

tan 25 =  
𝐿
𝑑

 

𝐿 = tan 25 ∙ (𝑡�3) 

𝐿 = 129,21 ≈ 130 𝑚𝑚 
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APPENDIX XV 
 
 

  
 
 
 

   

 

 

  

Eco Audit Report  
 

  

       

        

Product Name 
 

  

Sustainable me container 60 L 
 

 

Product Life (years) 
 

  

20 
 

   

        

Energy and CO2 Footprint Summary: 
 

 

  

   

      

 

 

 

      

    

Energy Details... 
 

 

      

 

 

 

   
 
 
 

 

CO2 Details... 
 

 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

  

Phase Energy (MJ) Energy (%) CO2 (kg) CO2 (%) 
Material 518 38.9 36.7 73.5 
Manufacture 60.6 4.5 4.54 9.1 
Transport 59.1 4.4 4.2 8.4 
Use 686 51.5 3.88 7.8 
Disposal 8.38 0.6 0.586 1.2 
Total (for first life) 1.33e+03 100 49.9 100 
End of life potential -225  -14.4  
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Energy and CO2 Summary 
 Energy Analysis 

 

 

 

 

 

 Energy (MJ)/year 
Equivalent annual environmental burden (averaged over 20 year product life): 66.2 

  

 

Detailed breakdown of individual life phases 
 

  

    

 

 

Material: 
 

 

Energy and CO2 Summary 
 

   

    

Component Material Recycled 
content* (%) 

Part 
mass 
(kg) 

Qty. Total mass Energy 
(MJ) % 

lid Low carbon steel Virgin (0%) 0.8 1 0.8 21 4.1 

bin Low carbon steel Virgin (0%) 11 1 11 2.9e+02 55.9 

battery Li-Ion AA cell battery Virgin (0%) 0.08 1 0.08 16 3.1 

circuit card Integrated circuit, small Virgin (0%) 0.1 1 0.1 1.8e+02 34.5 

plastic bag Polyethylene (PE) 100,0% 0.05 1 0.05 2.5 0.5 

force sensor Resistors Virgin (0%) 0.01 1 0.01 10 1.9 

Total    6 12 5.2e+02 100 
 

    

*Typical: Includes 'recycle fraction in current supply' 
 

 

    
 

 

    

 

 

Manufacture: 
 

Energy and CO2 Summary 
 

  

    

 

Component Process Amount processed Energy (MJ) % 

lid Extrusion, foil rolling 0.8 kg 4.1 6.7 

bin Extrusion, foil rolling 11 kg 56 92.7 

plastic bag Polymer extrusion 0.05 kg 0.31 0.5 

Total   61 100 
 

 

 

 

      

 

 

Transport: 
 

Energy and CO2 Summary 
 

   

      

Breakdown by transport stage 
 

 

Total product mass = 12 kg 
 

 

Stage name Transport type Distance (km) Energy (MJ) % 

bin and lid 32 tonne truck 10 0.055 0.1 

bags 32 tonne truck 10 0.055 0.1 

force sensor transport 1 Sea freight 7.8e+03 15 25.4 

force sensor transport 2 32 tonne truck 4.7e+02 2.6 4.4 

cicuit card 14 tonne truck 1.1e+02 1.1 1.9 
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battery transport 1 Sea freight 6.4e+03 12 20.9 

battery transport 2 32 tonne truck 4.7e+02 2.6 4.4 

oled Light goods vehicle 1.5e+03 25 42.8 

Total  1.7e+04 59 100 
 

      

Breakdown by components 
 

 

     

Component Component mass (kg) Energy (MJ) % 

lid 0.8 3.9 6.6 

bin 11 54 91.4 

battery 0.08 0.39 0.7 

circuit card 0.1 0.49 0.8 

plastic bag 0.05 0.25 0.4 

force sensor 0.01 0.049 0.1 

Total 12 59 100 
 

  

 

 

       

 

 

Use: 
 

Energy and CO2 Summary 
 

   

       

  

Static mode 
 

 

  

Energy input and output type Electric to mechanical 
(electric motors) 

Use location Sweden 
Power rating (W) 4 
Usage (hours per day) 10 
Usage (days per year) 2e+02 
Product life (years) 20 

 

 

  

 

    

       

 

Relative contribution of static and mobile modes 
 

 

       

 

Mode Energy (MJ) % 
Static 6.9e+02 100.0 
Mobile 0  
Total 6.9e+02 100 

 

  

       

 

 

     

       

 

 

   

 

 

Disposal: 
 

Energy and CO2 Summary 
 

  

   

Component End of life 
option 

Energy 
(MJ) % 

lid Recycle 0.56 6.7 

bin Recycle 7.7 91.9 

battery Downcycle 0.04 0.5 

circuit card Downcycle 0.05 0.6 
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plastic bag Combust 0.025 0.3 

force sensor Landfill 0.002 0.0 

Total  8.4 100 
 

   

EoL potential: 
 

  

   

Component End of life 
option 

Energy 
(MJ) % 

lid Recycle -15 6.8 

bin Recycle -2.1e+02 93.0 

battery Downcycle 0 0.0 

circuit card Downcycle 0 0.0 

plastic bag Combust -0.56 0.3 

force sensor Landfill 0 0.0 

Total  -2.2e+02 100 
 

 

 

 

  

 

 

Notes: 
 

Energy and CO2 Summary 
 

 

  

 
   

 
  

     

    

Energy and CO2 Summary 
 CO2 Footprint Analysis 

 

 

  

 

 CO2 (kg)/year 
Equivalent annual environmental burden (averaged over 20 year product life): 2.49 

  

 

Detailed breakdown of individual life phases 
 

  

    

 

 

Material: 
 

 

Energy and CO2 Summary 
 

   

    

Component Material 
Recycled 
content* 

(%) 

Part 
mass 
(kg) 

Qty. Total mass 
CO2 

footprint 
(kg) 

% 

lid Low carbon steel Virgin (0%) 0.8 1 0.8 1.4 3.9 

bin Low carbon steel Virgin (0%) 11 1 11 20 54.2 

battery Li-Ion AA cell battery Virgin (0%) 0.08 1 0.08 1.2 3.3 

circuit card Integrated circuit, small Virgin (0%) 0.1 1 0.1 13 36.5 

plastic bag Polyethylene (PE) 100,0% 0.05 1 0.05 0.19 0.5 

force sensor Resistors Virgin (0%) 0.01 1 0.01 0.56 1.5 

Total    6 12 37 100 
 

    

*Typical: Includes 'recycle fraction in current supply' 
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Manufacture: 
 

Energy and CO2 Summary 
 

  

    

 

Component Process Amount processed 
CO2 

footprint 
(kg) 

% 

lid Extrusion, foil rolling 0.8 kg 0.31 6.7 

bin Extrusion, foil rolling 11 kg 4.2 92.7 

plastic bag Polymer extrusion 0.05 kg 0.023 0.5 

Total   4.5 100 
 

 

 

 

      

 

 

Transport: 
 

Energy and CO2 Summary 
 

   

      

Breakdown by transport stage 
 

 

Total product mass = 12 kg 
 

 

Stage name Transport type Distance (km) CO2 footprint 
(kg) % 

bin and lid 32 tonne truck 10 0.0039 0.1 

bags 32 tonne truck 10 0.0039 0.1 

force sensor transport 1 Sea freight 7.8e+03 1.1 25.4 

force sensor transport 2 32 tonne truck 4.7e+02 0.19 4.4 

cicuit card 14 tonne truck 1.1e+02 0.08 1.9 

battery transport 1 Sea freight 6.4e+03 0.88 20.9 

battery transport 2 32 tonne truck 4.7e+02 0.19 4.4 

oled Light goods vehicle 1.5e+03 1.8 42.8 

Total  1.7e+04 4.2 100 
 

      

Breakdown by components 
 

     

Component Component mass (kg) CO2 footprint 
(kg) % 

lid 0.8 0.28 6.6 

bin 11 3.8 91.4 

battery 0.08 0.028 0.7 

circuit card 0.1 0.035 0.8 

plastic bag 0.05 0.017 0.4 

force sensor 0.01 0.0035 0.1 

Total 12 4.2 100 
 

  

 

 

       

 

 

Use: 
 

Energy and CO2 Summary 
 

   

       

  

Static mode 
 

 

  

Energy input and output type Electric to mechanical 
(electric motors) 
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Use location Sweden 
Power rating (W) 4 
Usage (hours per day) 10 
Usage (days per year) 2e+02 
Product life (years) 20 

 

  

 

       

 

Relative contribution of static and mobile modes 
 

 

       

 

Mode CO2 footprint (kg) % 
Static 3.9 100.0 
Mobile 0  
Total 3.9 100 

 

  

       

 

 

     

       

 

 

   

 

 

Disposal: 
 

Energy and CO2 Summary 
 

  

   

Component End of life 
option 

CO2 
footprint 

(kg) 
% 

lid Recycle 0.039 6.7 

bin Recycle 0.54 91.9 

battery Downcycle 0.0028 0.5 

circuit card Downcycle 0.0035 0.6 

plastic bag Combust 0.0018 0.3 

force sensor Landfill 0.00014 0.0 

Total  0.59 100 
 

 

   

EoL potential: 
 

  

   

Component End of life 
option 

CO2 
footprint 

(kg) 
% 

lid Recycle -0.99 6.8 

bin Recycle -14 94.0 

battery Downcycle 0 0.0 

circuit card Downcycle 0 0.0 

plastic bag Combust 0.12 -0.8 

force sensor Landfill 0 0.0 

Total  -14 100 
 

 

 

 

  

 

 

Notes: 
 

Energy and CO2 Summary 
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