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Abstract

The earth’s resources are limited; with the speed that humanity are using 
earth’s resources today, we would need 1.5 times of the earth’s regenerative 
capacity to compensate for what we use. Raw materials has since a long time 
ago been mined from the bedrock, which affects the earth in a negative way. 
If we could use materials and products that are circulating in our society, but 
are not being used and thereby considered as waste, traditional mining could 
be replaced with urban mining. 

Imagine what would happen if earth’s resources would be limited by laws and 
regulations in the future; mining as it is known today would not be allowed 
and there would be a need of resources that is gathered in another way, an 
unknown way. The world is constantly changing and this results in the fact 
that there will always be unexplored areas that needs to be defined and 
developed to be able to handle the changes in the future. Considering the fact 
that urban mining is such an unexplored field, there is a need of creating a 
process to define the segment in order to develop product/services within it. 

The outcome of this thesis is therefore recommendations for how a generic 
design process can be tailored and implemented for innovation development 
in undefined areas. The result is reached through investigating a development 
project, which focuses in the research area urban mining, as a case study and
also by studying design processes in theory. The investigation is conducted 
with an explorative approach by observing the field and sub-fields of urban 
mining.

This thesis shows that drivers and trends for urban mining exist, and that there 
is a future need to capitalize this market. The result also shows that the most 
important characteristics of the design process when designing for the 
unknown, is the fact that defining the research area requires even more effort 
when dealing with an initially unknown field, compared with known research 
areas.

Keywords:
Design, design process, product development process, undefined segment and 
urban mining.
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Sammanfattning

Jordens resurser är begränsade; med den hastighet som mänskligheten 
använder jordens resurser idag, skulle vi behöva 1,5 gånger jordens 
återhämtningsförmåga för att kompensera för det vi använder. Råmaterial har 
sedan länge brutits från berggrunden, vilket påverkar jorden på ett negativt 
sätt. Om vi istället skulle kunna använda material och produkter som 
cirkulerar i vårt samhälle, men inte används och därmed betraktas som avfall, 
skulle traditionell materialutvinning kunna ersättas med urban mining. 

Tänk vad som skulle hända om jordens resurser i framtiden begränsas genom 
lagar och regler; materialutvinning som det är känt idag inte skulle tillåtas och 
det då skulle finnas ett behov att samla resurser på ett annat sätt, ett idag okänt 
sätt. Världen förändras ständigt vilket resulterar i det faktum att det alltid 
kommer att finnas outforskade områden som måste definieras och utvecklas 
för att kunna hantera dessa förändringar i framtiden. Urban mining är ett 
sådant outforskat område och därför finns det ett behov av att skapa en 
process för att definiera segmentet och på så vis kunna utveckla produkter och 
tjänster inom området.

Resultatet av denna uppsats är därför rekommendationer för hur en allmän 
design process kan skräddarsys och implementeras för innovativ utveckling i 
odefinierade områden. Resultatet uppnås genom att analysera ett 
utvecklingsprojekt, som fokuserar på forskningsområdet urban mining, som 
en fallstudie, samt att studera designprocesser i teorin. Undersökningen 
genomförs med ett explorativt tillvägagångssätt genom att utföra 
observationer inom ämnet urban mining.

Arbetet visar att drivfaktorer och trender för urban mining existerar och att det 
finns ett framtida behov att utforska och dra fördel av denna marknad. 
Resultatet visar också att de viktigaste egenskaperna hos design processen vid 
utveckling inom okända områden är det faktum att forskningsområdet kräver 
ännu större fokus på att definiera området, jämfört med kända 
forskningsområden. 

Nyckelord:
Design, designprocess, produktutvecklingsprocess, odefinierade segment och 
urban mining.
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Executive summary 

This summary consists of all the material that is needed in order to 
understand the study and the results of this master thesis. It is especially 
aimed to readers who want to take part of the results without reading the full 
report.

Introduction

The earth’s resources are limited, and humanity has for over 40 years 
exceeded the planet’s biological capacity. With the speed that humanity are 
using earth’s resources right now, we would need 1.5 times of the earth’s 
regenerative capacity to compensate for what we use. Raw materials has since 
a long time ago been mined from the bedrock. This behavior has in the past 
affected the earth in a negative way, and it still does. If we could use materials 
and products that are already mined and are circulating in our society, but are 
not being used and thereby considered as waste, traditional mining could be 
replaced with urban mining. Ongoing global urbanization is a fact. In 2014, 
54% of the world’s population was living in urban environments. By 2050 
this number is predicted to be raised to 66%. Urban mining aims to recover 
resources from waste that are produced by the urban landscape; this includes 
municipal-, electronic- and agricultural waste.

The world is constantly changing and this results in the fact that there will 
always be unexplored areas, which needs to be defined and developed to be 
able to handle the changes in the future. These areas can occur by many 
different reasons e.g. changes in laws and regulations, technology 
development that opens for new possibilities, or even the fact that people 
change their lifestyles and habits. Actually, all these may be true in the case of 
urban mining. Imagine what would happen if the earth’s resources would be 
limited by laws and regulations in the future; mining as it is known today 
would not be allowed and there would be a need of resources that is gathered 
in another way, an unknown way. Facts like these create undefined business 
segments all over the world, and to be able to define and develop these 
segments there is need for a specific approach and ways to embrace these new 
areas.

Since the beginning of industrialization, the economic systems in society has 
been of a take-make-dispose type, which means that materials are extracted, 
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products are produced, and then disposed of after usage. An approach to 
change this behavior that has already been established to some extent, is 
circular economy. Circular economy aims to push the sustainable 
development of society and economy, and thereby contribute to 
environmental protection. Urban mining could play a major role in the 
implementation of circular economy by recycling the materials that are 
already circulating in the society instead of mining new from the bedrock.

Purpose/Objective 

To be able to put all the unused resources, which can be found in urban areas 
all over the world, back to use, there is a need for a market that can make 
these resources useful and valuable again. In order to do so, new products and 
services are needed. Urban mining is a relatively unexplored area, very few 
companies are currently working in this business segment, and no organized 
large scale implementation of it are yet seen. Considering the fact that urban 
mining is such an unexplored field, there is a need of creating a process to 
define the segment in order to develop product/services within it. The 
expected outcome of this thesis is therefore recommendations for how a 
generic design process can be tailored and implemented for innovation 
development in undefined areas. This design process has to meet the 
requirements that these undefined areas sets.

Research Questions

The general questions will be the overall baseline that sets the foundation to 
the specific oriented questions that will be examined in this study.

General research questions:
How can urban mining be a possible future business segment?

o What are the drivers, trends and future possibilities?
o Why do we need urban mining?

Specific research questions:
How can design processes be formed to develop and innovate 
products/services within an undefined segment?

o What characterizes the design process within the segment 
urban mining? 

vi



Context

Volvo Construction Equipment (VCE) wants to explore the possibility of 
growing into urban mining as a new business segment for the future. In order 
to get there, the market has to be identified and the needs must be defined.
This results in that VCE are in need of ideas for products/services that could 
make them control this market. This means that these products/services must 
be designed by using a process that is developed and formed to fit this new 
market segment and at the same time correspond with VCE’s current 
standings and core values; safety, quality and environmental care. Students 
from Blekinge Institute of Technology (BTH) in Sweden and Stanford 
University in USA has in collaboration with each other in a global 
development project committed to explore VCE’s possibility to enter urban 
mining as a future business segment. This development project will in this 
thesis be investigated as a case study in order to understand the characteristics 
in development for unknown research areas.

Methodological approach

This study will mainly be based on an inductive and qualitative approach,
since urban mining needs to be understood before a theory can be developed.
A deep understanding of the topic will also be required, in order to develop 
solutions for urban mining. This understanding will not manifest itself; thus, 
this has to grow by the knowledge that is gathered from different data 
collecting methods, analyzes and interpretations. A literature study is 
performed to investigate how design processes are formed today. From this, 
five main phases has been identified and formed a base for the study;
planning, benchmarking & needfinding, concept generation & evaluation, 
prototyping & testing, and detailed product design, release & follow-up.

In this study participant observations are performed at different locations in 
order gather knowledge in the field and sub-fields of urban mining.
Participant observations are chosen to establish a close relationship to the 
investigated area. All the gathered insights and needs will then be interpreted 
and evaluated to form a deep understanding of urban mining, and to be able to 
create ideas for products/services that will fulfill these needs. For this study, 
short personal interviews will be performed with key people during the 
observations. 
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Results

Urban mining

In order to define urban mining as a future business segment, market trends 
has been identified to foresee the future needs. Drivers have also been 
identified to define why urban mining is needed in society. Some of the 
identified drivers and trends for urban mining in the future are presented
below.

Laws and regulations – The C&D industry and waste management systems 
are in general becoming more regulated which creates more factors to attend 
to, especially in urban environments, e.g. noise levels, dust pollutions, number 
of sorting fragments etc. Regulations sets certain constrain to factors 
associated with urban mining, e.g. lower emissions levels are required, and 
the use of specific materials is forbidden. 

Material waste – Less material ends up in landfills in society today; more 
sorting and attention to the 3Rs (reduce, reuse, recycle) are seen. 

Machines and technology – Operations get more complex, which requires 
more advanced machines. The machines are from several factors pushed to 
increase its efficiency and to be more specialized, e.g. ergonomics, fuel 
efficiency, and smaller and more purpose adapted machines. Other identified 
special applications to machines are modifications adopted for different 
needs. 

Work site – The workspace are getting more and more secure. Also 
disturbances that affect the surroundings, such as vibration, noise, and dust is
reducing. The number of employees at a work site is decreasing since 
machines perform more work tasks.

Customer – Close relationships to the customer are becoming more important.
Also, the chance to be proactive instead of reactive increases with a good 
relationship to the customer.

In general – Urbanization is a fact. This leads to reconfiguration of old 
spaces. Extracting and recovering resources trapped in these old spaces can 
move the future mining to the C&D industry.
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Illustration of the urban mining segment.

1. Planning, investigation, evaluation

2. Transportation of equipment and solutions to site with trucks

3. Deconstruction

4. Total demolition

5. On-site waste management

6. On-site reuse and recycling

7. Distribution of materials
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Design process for undefined segments

The main characterizing factor of the design process for unknown research 
areas are the fact that the studied topic needs to be explored and to some 
extent defined before the development can take place. There has to be a 
problem or a need identified before any solution can be developed. This sets 
certain characteristics to the entire design process, which are illustrated 
below.

Illustration of a design process for undefined segments.

The most important characteristics of the design process when designing for 
the unknown is the fact that more effort has to be placed in the design phases 
that defines the baseline of the investigated subject. This means that 
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benchmarking, needfinding, concept generation and prototyping almost 
reaches through the entire process. This relates to the important factor of 
designing a complete system and future vision of the undefined segment in 
order to define it. This is very important since a thorough definition of the 
area is needed in order to make the unknown field understandable. A system 
view also puts the developed products/services in a context where they can 
gain a greater value by illustrating the needs that are fulfilled. 

The developed design process is called a circular design process, which is 
intended to reflect the importance of circular economy in product/service 
development. The process also illustrates a closed cycle that enables easy 
pick-up after finished project. The parallel phases in the circle are close, in 
order to show the importance of easy transfers and iterations between the 
adjacent phases of the development. The iterations are made in order to 
diverge the research scope again after converging in a specific area. This 
diverging and converging scope are illustrated by the double diamond, and 
each triangle work as a gate point where an iteration is made if it is necessary 
for the outcome.

Discussion 

The results for the general research questions were achieved in the project 
through conducting a number of field visits, observations, and interviews. The 
result from what was seen shaped the outcome, which led to the definition of 
urban mining. A lot of similarities were detected during these researches, 
regardless of what subarea of urban mining that was investigated. This 
indicates that the collected data is stable and reliable, which in turn shows that 
the definition of urban mining is accurate.

The specific research questions that have been answered in this thesis is the 
result of an analysis of how a development project within unknown areas is 
conducted, in this case the initially unknown area of urban mining. The result 
was because of the case formed by the characteristics of urban mining, 
however, the most typical properties of urban mining has shown to be the fact 
that it is an unknown field.

In this thesis, the investigation about different design processes has mainly 
been theoretical. It may be favorable for the investigation to also look in to 
how companies really are performing them in practice as well in order to gain 
more insights on how it looks in the real world.
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Conclusions

The main trends for urban mining are increased population growth and also 
increased urbanization, stricter laws and regulations, heavy pollution in mass 
production, and enhanced sorting. The main drivers for urban mining are 
increased public awareness, improved environmental protection, and the fact 
that potential resources are incorporated into urban environments.

The main characteristic of a design process that is tailored for unknown areas 
is the fact that the studied topic needs to be explored and to some extent 
defined before any solution can be developed. What really makes the 
difference between a typical design process and the defined design process 
from this thesis is the fact that more effort has to be placed in the design 
phases that establishes the investigated area. This means that benchmarking, 
needfinding, concept generation and prototyping are ongoing throughout 
almost the entire design process. This definition of the initially unknown field 
is essential in order to make it understandable and marketable.
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1 Introduction

The earth’s resources are limited, and humanity has for over 40 years 
exceeded the planet’s biological capacity. With the speed that humanity is
using the earth’s resources right now, we would need 1.5 times of the earth’s 
regenerative capacity to compensate for what we use (WWF, 2014). Raw 
materials have since a long time ago been mined from the bedrock. Mining is 
the process of extracting minerals that concentrate naturally in the earth. This 
behavior has in the past affected the earth in a negative way, and it still does. 
Mining causes impacts on the environment like deforestation, land 
degradation, water and air pollution, and encroachment on indigenous lands 
(Warhate et al., 2006). Brunner (2011) states that recycling will become 
obligatory, due to the high negative impact on the environment.

1.1 Urban Mining

If we could use materials and products that are already mined and are 
circulating in our society, but are not being used and thereby considered as 
waste, traditional mining could be replaced with urban mining. The concept 
‘urban’ is quite complex and can be hard to define. The word urban can 
according to Weeks (2010, p.34) be described as “a function of (1) sheer 
population size, (2) space (land area), (3) the ratio of population to space 
(density or concentration), and (4) economic and social organization”. An 
urban area can thus refer to cities, towns, its surroundings and the suburbs. 
Ongoing global urbanization is a fact. In 2014, 54% of the world’s population 
was living in urban environments, by 2050 this number is predicted to be 
raised to 66% according to United Nations (2014). Urban mining is the 
platform where processes and technology are developed in such an 
environment, aiming to recover resources from waste that are produced by the 
urban landscape; this includes municipal-, electronic- and agricultural waste. 
The idea is to (re)invent processes enabling further purpose for materials both 
from old deposits and new products providing secondary raw materials and 
energy (Cossu, 2012). A wide range of materials such as cellulose, 
polyethylene, aluminum, cement, and steel are needed for humanity to 
complete their daily activities. This means that recycling becomes a necessity 
in a world where material prices are ever fluctuating and heavy pollution in 
mass production is a factor (Brunner, 2011).
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Urban mining sets the rules for final disposal, i.e. a safe way to manage non-
recyclables using an environmentally friendly approach. Taken such 
information into account is necessary when advancing from the current state 
of managing material flows into a future urban mining state. In this new state 
a more precise and efficient approach is used for recovering materials, and 
value as well as environmental risk is taken into account when managing 
substances from cradle to grave (Brunner, 2011). A new knowledge base 
needs to be developed in order to facilitate the urban mining approach. This 
knowledge base should incorporate information aimed towards developing 
requirements by answering the following question: “Which information is 
necessary when developing and prioritizing planning, implementing suitable 
measures, and ensuring a monetary effective urban mining approach?”. The 
information incorporated in the database will have to cover several materials 
and resources as well as a data-span covering long periods of time. The ability 
to interpret such data, regarding material flows and stocks will be a key factor 
in urban mining. In certain areas this information is already available, the 
information about global, national and regional use of resources (Graedel and 
Cao, 2010).

1.2 Undefined segment

The world is constantly changing and this results in the fact that there will 
always be unexplored areas1, which needs to be defined and developed to be 
able to handle the changes in the future. These areas can occur by many 
different reasons e.g. changes in laws and regulations, technology 
development that opens for new possibilities, or even the fact that people 
change their lifestyles and habits. Actually, all these may be true in the case of 
urban mining. Imagine what would happen if the earth’s resources would be 
limited by laws and regulations in the future; mining as it is known today 
would not be allowed and there would be a need of resources that is gathered 
in another way, an unknown way. Facts like these create undefined business 
segments2 all over the world, and to be able to define and develop these 
segments there is need for a specific approach and ways to embrace these new 
areas.

1 An unexplored area refers to a specific research topic that is currently undefined.
2 A business segment is a subsection within a company, meant to separate their various 
operations.
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1.3 Circular economy

Since the beginning of industrialization, the economic systems in society has 
been of a take-make-dispose type, which means that materials are extracted, 
products are produced, and then disposed of after usage (Ellen MacArthur 
Foundation, 2012). This linear pattern needs to change in order to maintain a 
sustainable environment. An approach to change this behavior that has 
already been established to some extent, is circular economy. Circular 
economy aims to push the sustainable development of society and economy, 
and contribute to environmental protection (Yuan, Bi and Moriguichi, 2006). 
Urban mining could play a major role in the implementation of circular 
economy by recycling the materials that are already circulating in the society 
instead of mining new from the bedrock. However, there are still a lot of 
challenges to face before this can be reality. 

1.4 Purpose

To be able to put all the unused resources, which can be found in urban areas 
all over the world, back to use, there is a need for a market that can make 
these resources useful and valuable again. In order to do so, new products and 
services are needed.

Urban mining is a relatively unexplored area, very few companies are 
currently working in this business segment, and no organized large scale 
implementation of it are yet seen. There are therefore great opportunities to 
become a leader in this undefined segment for the future. Considering the fact 
that urban mining is such an unexplored field, there is a need of creating a 
process to define the segment in order to develop product/services within it. 
The expected outcome of this thesis is therefore recommendations for how a 
generic design process can be tailored and implemented for innovation 
development in undefined areas. This design process has to meet the 
requirements that these undefined areas sets. All this will be done by using the 
business segment urban mining as a case study.
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1.5 Research questions

The general questions will be the overall baseline that sets the foundation to 
the specific oriented questions that will be examined in this study.

General research questions:
How can urban mining be a possible future business segment?

o What are the drivers, trends and future possibilities?
o Why do we need urban mining?

Specific research questions:
How can design processes be formed to develop and innovate 
products/services within an undefined segment?

o What characterizes the design process within the segment 
urban mining? 

1.6 Opportunities

Volvo Construction Equipment (VCE) wants to explore the possibility of 
growing into urban mining as a new business segment for the future. In order 
to get there, the market has to be identified and the needs must be defined. 
This results in that VCE are in need of ideas for products/services that could 
make them control this market. This means that these products/services must 
be designed by using a process that is developed and formed to fit this new 
market segment and at the same time correspond with VCE’s current 
standings and core values; safety, quality and environmental care.

To constantly develop and launch new products is a great challenge for 
companies today (Engwall, 2003). This is why VCE wants an uncharacterized 
source from outside the company to be creative and find solutions for this 
challenge.

1.7 The project

Students from Blekinge Institute of Technology (BTH) in Sweden and 
Stanford University in USA has in collaboration with each other committed to 
explore VCE’s possibility to enter this new market as a future business 
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segment. Thus, both Sweden’s and USA’s markets will be analyzed in order 
to apply the solution globally. The general research questions in this study 
will cover this project assignment. Since this thesis is a study performed as a 
part of the project in order to optimize the design process, there is also a need 
of some specific oriented research questions that focuses in this area. The 
project had been running for about four months when this investigation 
started, thus, the previously gathered knowledge will be used as one source of 
information. This project involves several design iterations where different 
concepts are evaluated each time. These iterations will finally result in a
product, a system view and a future vision of urban mining.

1.8 General information about Volvo

Volvo Construction Equipment is one of the largest companies in the world 
within the business of manufacturing construction equipment. They are part of 
Volvo Group, whose vision is to become the world leader within sustainable 
transport solutions. Volvo Groups corporate core values are safety, quality 
and environmental care, and these values forms the corporate baseline. The 
Volvo CE brand promises profitability for customers, good working 
environment for the operators and for Volvo’s employees, pioneering and 
innovative development for the industry, and environmental care for the 
society (Volvo Construction Equipment, n.d.; Volvo Group Global, n.d.).
Volvo CE separates their various operations in different business segments,
such as; building, demolition and mining. By grouping the customers in these 
segments a prioritization of resources, actions and driven results can be 
achieved (Volvo Construction Equipment, 2010).

The result of this study aims to go in line with Volvo’s current branding and 
values at the same time as it is innovative and brings something new. In this 
way it will add value to Volvo’s current products and services.
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2 Method

An investigation of how design processes are formed today, and how they 
have changed over time, will together with research about urban mining be 
the foundation for this study. This information will primarily be compounded 
through literature studies and observations.

By examining the topic urban mining, a suitable design process will be 
formed to fit with the procurements and requirements that urban mining sets. 
This examination will together with the knowledge gathered about product
and service development be analyzed and further on evolved into a design 
process. This design process may advantageously be applied in future 
development projects, in order to facilitate the process towards a final 
solution within an unknown business segment.

This chapter describes research methods and approaches that were
considered for this study. The specific methods and approaches that were 
chosen, and will be utilized in this study, are presented in the end of each 
subchapter. 

2.1 Research approach

A research approach involves the plans and methods that refines and narrows 
the research from broad assumptions to detailed methods of information 
gathering, analysis and interpretation. The plans involve various decisions, 
and the overall decision is which approach that should be used for studying a 
specific topic. According to Creswell (2014) this decision should be based on 
philosophical assumptions that the researcher brings into the study, 
procedures of investigation (also called research designs) and specific 
research methods of information gathering, analysis and interpretation. It is 
also based on what problem that is being studied, the audience that are 
addressed, and the personal experiences of the researcher.

2.1.1 Inductive & deductive

A systematic investigation can be divided into several steps where the first is 
to find and specify issues for the investigation. The next step is to find, adjust 
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or create different approaches, and then develop and evaluate the different 
approaches while taking into account resources (time, money, skills etc.), and 
methodological requirements (validity, reliability, objectivity etc.). After this 
it is time to find information and to evaluate it before the result can be 
analyzed and conclusions can be drawn. At last, the results are presented in an 
appropriate way (Eriksson and Wiedersheim-Paul, 2011).

According to Eriksson and Wiedersheim-Paul (2011), an investigation always 
starts with a basic literature study to answer the question “What has already 
been said?”. This is done to avoid “reinventing the wheel” all over again, and 
also to be able to contribute with new information. Trochim (2006) on the 
other hand says that there are two ways of approaching an investigation; the 
deductive and inductive approaches. The reasoning that Eriksson and 
Wiedersheim-Paul (2011) describe is similar to the deductive approach, while 
the inductive approach works in a reverse manner. Instead of starting out with 
a theory, it starts with an observation and ends with a theory (Trochim, 2006). 
This study will mainly be based on an inductive approach since urban mining 
needs to be understood before a theory can be developed. 

2.1.2 Qualitative & quantitative

In Creswell (2014) three of the main research approaches are stated; 
qualitative, quantitative and mixed methods. Eliasson (2013) claims that the 
rough separation between quantitative and qualitative approaches is that 
qualitative methods surrounds topics that can be described in words, and 
quantitative methods surrounds topics that can be described in numbers. 
Qualitative is an approach for investigating and understanding the meaning of 
a social or human problem that individuals or groups ascribe. According to 
Bryman (1997) the most common method for a qualitative research is 
participant observation. By examining the relationship among variables, 
quantitative is an approach for testing objective theories. This approach 
results in a lot of data that needs to be analyzed and interpreted. The mixed 
methods are also called the pragmatic approach to research. This approach 
involves collected data from both qualitative and quantitative approaches. The 
meaning with this approach is that the combination of these data creates a 
more complete understanding of a problem than one approach alone (Bryman, 
1997; Creswell, 2014; Eliasson, 2013).

Benefits with qualitative analysis are for example that the collected material is 
grounded in reality, extensive and detailed. Another advantage of qualitative 
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analysis is that it allows opportunities for other possible explanations. 
Disadvantage with qualitative analysis is for example that the analyze takes a 
lot more time to complete than a quantitative analysis since the collected 
qualitative data often is more unstructured, as shown in Table 2.1 
(Denscombe, 2009).

Table 2.1. Differences between qualitative and quantitative research. Adapted 
from (Bryman, 1997, p.113).

Dimensions Quantitative Qualitative

1. Role of qualitative 
research 

2. Relationship 
between 
researcher and 
subject

3. Researcher’s 
stance in relation 
to subject 

4. Relationship 
between 
theory/concept 
and research 

5. Research strategy 

6. Scope of findings 

7. Image of social 
reality 

8. Nature of data

Preparatory

Distant

Outsider

Confirmation

Structured

Nomothetic

Static and external to 
actor

Hard, reliable

Means to exploration of 
actors’ interpretations 

Close

Insider

Emergent 

Unstructured

Ideographic

Processual and socially 
constructed by actor 

Rich, deep

This study will be based on a qualitative approach since the topic urban 
mining will require a close relationship between the researcher and the 
subject. To be able to develop solutions for urban mining, it will also require a 
deep understanding of the topic as seen in Table 2.1. This understanding will 
not manifest itself; thus, this has to grow by the knowledge that is gathered 
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from different data collecting methods, analyzes and interpretations. The 
depth of this research is therefore important for the final result.

According to Eliasson (2013) two of the main methods for gathering 
information in a qualitative research are observations and interviews. One of 
the advantages by using a qualitative approach for this study is the fact that 
this approach is flexible and can be customized for the specific situation 
(Eliasson, 2013).

2.2 Literature studies

The choice of literature and how to use it is a very important part of the 
research. The literature study should according to Reinecker and Stray 
Jørgensen (2014) have a clear timeframe, a plan, and delimitations from the 
beginning of the research. However, since this study has an inductive 
approach, it is necessary that the literature study is ongoing throughout the 
whole investigation. There are especially three different types of relevant 
literature for conducting this kind of study. The first is empirical studies that 
refer to the literature and other material that surrounds the topic. The second 
is literature about the theories and concepts that are used to perform the study, 
and the third is literature about methods for gathering information e.g. 
interviews, observations and analyzes (Reinecker and Stray Jørgensen, 2014).

The basic literature study for this research has from the start been limited by a 
timeframe of four weeks, which will be enough for gathering basic 
information about background, research methods, and data collecting. 
Although, some literature studies within certain areas will proceed during the 
research more in depth. For this study, the literature used for information 
gathering are delimited, thus, it mainly consists of articles, journals and books 
because of its credibility. The literatures in form of books are mainly collected 
at the library of BTH. Journals and articles are found in databases such as 
BTH summon and Google scholar.

The following terms were used in the database searches: design, design 
process, product development, urban mining, circular economy, product-
service system, design for excellence, design thinking and life cycle design.
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2.3 Observations

There are a lot of different ways of observing; some involves more
interactions than others and some involves more documentation and reflection 
about the observed situation (Eliasson, 2013). According to Fangen (2005), 
participant observation is one of the most central methods within social 
science research. A participant observation can be referred to as an informal 
interview (Krag Jacobsen, 1993). The method is described as ways to gather 
information by participating in the studied people’s3 everyday life. It is also 
known as “taking part in field”, where the studied people act in situations that 
are natural for them. The observer reacts quite passive to the surroundings and 
focuses on the observation and documentation more than the interaction. This 
includes watching how the studied people react and behave in different 
situations, and creating conversations with these people to discover how they 
interpret certain events that are observed. Benefits with participant 
observation compared to others are e.g. that the observer gets close to the 
studied people and is able to gather personal knowledge about them. This 
helps to improve the observers understanding of the studied field (Bryman, 
1997; Eliasson, 2013; Fangen, 2005; Yin, 2007).

The main problem with participant observation concerns the distortions that 
can arise. The researcher has for example less ability to act as an external 
observer and risk going in to the role of a defender or a sympathizer instead. 
Another risk can be if the involvement takes too much attention, and the 
observer gets too little time to reflect and to formulate questions (Yin, 2007).

In this study participant observations will be performed at different locations 
with different situations in order to document and gather knowledge about the 
field and sub-fields of urban mining. Participant observations are chosen 
because the closeness to the observed people and their own opinions are 
essential in collecting the information that is needed. Thus, by observing the 
work that the people do, and their so-called workarounds4, there will be 
important insights and needs gathered for this research. These insights and 
needs will then be interpreted and evaluated to form a deep understanding of 
urban mining, and to be able to create ideas for products/services that will 

3 A studied person refers to the people that are being observed with the intentions to 
learn from their knowledge within a specific field.
4 A workaround means a preliminary solution to a problem in everyday work.
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fulfill these needs. This means that all the observations are important and they 
will be part in forming the end result of this study.

2.4 Interviews

Interviews are generally an important source of information when performing 
a case study. An interview can be performed in different ways e.g. by meeting 
the respondent in a personal meeting, by telephone or E-mail. Even though 
the respondent can provide important insights about a certain situation, it is 
important for the interviewer to compare the gained data with information
from other sources (Yin, 2007). A researcher for example, normally performs 
a lot more interviews on the same theme in order to gain a sufficient material 
to be able to draw general conclusions (Krag Jacobsen, 1993).

According to Kylén (2004) and Yin (2007), there are different types of 
interview forms. The first, and the most common one, is an open type of 
interview where questions about both facts and the respondents own opinions 
are asked. The second type is the focused interview, which often is shorter 
and a little bit more structured than the first one. The main purpose with this 
kind of interview can for example be to get some factual statements 
confirmed. The third type of interview is the most structured of them all; the 
questions are much more structured than in the first two types of interviews, 
and can be compared to the questions that are asked in a survey (Bryman, 
1997; Eliasson, 2013; Kylén, 2004; Yin, 2007).

When performing an interview or a survey, it is important to remember a few 
key things, for example that it is essential to avoid yes and no questions, to 
only ask one question at a time, to avoid leading questions, and to keep the 
questions clear and simple (Eriksson and Wiedersheim-Paul, 2011).

After an interview is performed there are still three steps to go through 
according to Trost (2010); the data has to be processed, analyzed and 
interpreted. Qualitative and quantitative approaches differences in the way 
that qualitative data has to be analyzed more by fantasy and creativity.
Qualitative data can according to Taylor-Powell and Renner (2003) be 
analyzed by five steps; first the data has to be understood, it is then preferable 
to focus the analysis on the specific investigated questions. By identifying 
patterns in the data, it is then possible to organize them in categories. Even 
between these categories it will be possible to identify further patterns and 
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connections in order to assess relative importance. The last thing to do is to 
interpret what the data really means and what is important for the specific 
study. For analyzing quantitative data, there are a lot of techniques and 
computer programs available (Trost, 2010).

For this study, short personal interviews will be performed with key people 
during observations. These interviews will be limited to a maximum of 15 
minutes. According to Kylén (2004) this is a suitable timeframe for gathering 
deep information about a delimited topic that surrounds these people. It will 
be important for this study to get close to the people that are working 
everyday within this studied topic, to understand them and the problems they 
are facing. In order to achieve this, the questions will be of an open type (Yin, 
2007). These interviews will be key factors in the process of collecting data. 
Short telephone interviews will also be performed to cover remaining 
questions late in the process.

2.5 Research quality

Research quality refers to different measurements in terms of assessing the 
quality of a study. There are a couple of different measurements that will be 
considered in this thesis to ensure a good quality; reliability and validity. 
Triangulation will among other things be used as a tool to achieve this quality.

Reliability comprises to what extent the results of a study can be repeated 
(Merriam, 1994). The purpose with reliability is according to Yin (2007) to 
minimize all the errors and faults in an examination. Reliability means that an 
examination, for example, shall give accurate and stable outcome. This refers 
to that a method or an approach should give the same result regardless of who 
is performing it (Bryman, 1997; Eriksson and Wiedersheim-Paul, 2011; Yin, 
2007). Trost (2010) separates reliability into four components where the first 
one is congruence, which refers to the similarity between questions that are 
supposed to measure the same thing. The second is precision, which is 
associated to the way that the interviewer registers the answers from the 
respondent. The third is objectivity; if a group of interviewers registers an 
answer in the same way, the objectivity is high. The fourth is constancy, 
which refers to the time approach, and presupposes that the phenomenon or 
the attitude don’t change over time (Trost, 2010).
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Validity refers to the accuracy and the precision of collected data. With regard
to research data, validity is about whether the collected data reflects the truth 
and the reality, and if it covers the essential questions of the topic 
(Denscombe, 2009; Kylén, 2004). When it comes to research, there are four 
basic criteria that must be met in order to determine its validity; authenticity 
(is the document unadulterated?), credibility (is the content real?), 
representativity (is the document complete and typical for its kind?) and 
meaning (is the meaning clear and distinct?) (Denscombe, 2009). Kylén 
(2004) states that low reliability decreases the validity, however, high 
reliability does not always increase it.

In order to maintain the validity and to ensure the reliability throughout this 
thesis, a wide research scope will be kept and information will be gathered 
from many different sources within the field of urban mining. The gathered 
information will be analyzed from more than one source by utilizing 
triangulation. Triangulation means that the number of scientists, sources of 
information and methods used for an investigation are increased in order to 
get confirmation on gained results (Merriam, 1994). Triangulation involves 
looking at things from more than one perspective. Different methods can be 
combined in order to study one subject from a variety of perspectives. This is 
done to be able to compare and approach the subject from different 
viewpoints. In this way a deeper understanding is reached. The benefits of 
triangulation are increased accuracy (a way to validate) and a more complete
and comprehensive collection of data (Denscombe, 2009).

Throughout this study, triangulation will be used to get different point of 
views, both in order to obtain confirmation of the received information, and 
also to get insights from different perspectives. The received information will 
also be reviewed by source criticism. By keeping a wide scope and investigate 
all sub-fields of urban mining, a thorough understanding of the subject will be 
established. The answers from the data collection in this thesis will be 
analyzed and interpreted to form a general understanding of the response;
repeated answers can here be seen as more reliable than others. The reliability 
can thus, according to Kylén (2004), be verified by repeating the collection of 
data, which gives a reliable result if the answers also are repeated. 

Some key questions during the interviews and observations will be asked over 
and over again but in different manners, to ensure that the respondent answers 
the question in a similar way every time. This will ensure that the respondent 
understand the questions and interpret them in the right way. High response 
rates from interviews and observations also increases the reliability of the 
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study. By clearly motivate why the respondent should approve for interviews 
or observations there will be a decreased loss of information (Kylén, 2004).
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3 Theoretical foundation

In order to reach the desired outcome of this study, general background 
information regarding the specific subjects and its areas are necessary. This 
chapter therefore contains information about urban mining, design, design 
processes, product development, design approaches and tools. 

3.1 Urban mining

The urban areas around the world should be viewed as physical, or virtual, 
environments that by nature are intended for collective use. In these
environments the rights and obligations of residents, social information, 
education, political actions, productive, and economic activities, are all 
executed at a highly satisfactory level (Cossu, 2012). Brunner (2011, p.339) 
describes urban mining as “systematic reuse of anthropogenic materials from 
urban areas”. Urban mining includes e.g. to make use of old buildings, old 
electronics, old metal pipes and underground cables. For example, tons of 
unused and forgotten cables remain beneath cities across the whole world.
They contain highly valuable materials that can be recycled and reused 
instead of mining new materials from the bedrock (Brunner, 2011).

The idea of urban mining itself questions the current consumer logic and 
progresses far beyond the ideas of separation and collection. As far as results 
it hopes to provide the society with lower costs, recovery of resources, 
increased producer responsibility, higher resource quality and improved 
environmental protection. There is no margin or room for side steps when it 
comes to closing the circle in the material cycle; final disposal techniques 
should aim to be part of the cycle (adding value to the next step) as fully and 
meticulously as possible (Cossu, 2012).

Urban mining, which does not yet have a general definition, highlights the 
systematic reuse of anthropogenic materials in urban and infrastructure 
intensive areas. To decide whether or not a certain material can be 
economically mined, comprehensive information about substances and 
materials is required. Factors that are impactful include availability, 
abundance, element concentration, speciation, and partner minerals. Another 
factor that is important when deciding if one should recover a material from 
its urban material flow is how it has been used and processed. For instance 
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can aluminum occur in several different forms and chemical combinations;
solid metallic aluminum (Al) in a car body, kaolin (Al2O3 · 2SiO2 · 2H2O) in 
journals and magazines, or aluminum hydroxide Al(OH)3 in a pharmaceutical 
antacid. This illustrates the fact that one needs sufficient information 
regarding a specific materials urban flow, from the extraction of the raw 
material via production and utilization to disposal at the end of a products 
lifecycle. Events during this process may come to be crucial when deciding if 
a material can be mined economically or if its value is non-recoverable 
(Brunner, 2011).

Several of today’s developed societies are service-orientated economies. One 
can argue that in such a society, classical resources such as raw materials, 
energy and land are of less value. This since the primary resource of a service-
oriented environment is the knowledge and information developed by people 
and different institutions. However, even if one identifies knowledge and 
intelligence as the primary resources in a developed society, raw material is 
still the backbone and the enabler (Brunner, 2011).

Energy is required when transporting waste and recyclables, and the same is 
true for recycling and refinement processing. To conduct sustainable urban 
mining it is hence important to incorporate short transportations and processes 
that are energy efficient. When developing an urban mining strategy, a 
comprehensive understanding of the urban environment as a system is 
required. Urban areas and cities go through different development phases that 
should be considered and identified, since the level of development may vary 
even within small geographical areas (Brunner, 2011).

There are more benefits than energy saving and shorter transports distances in 
bringing the industrial processes back into the cities via an applied 
comprehensive urban mining strategy. First of all, having recycling facilities 
within the cities will increase the potential pollution within the urban areas. 
Hence, the demand for best available technology will increase. When several 
millions inhabitants can watch the potential pollution processes on a daily 
basis, the chance that environmental standards will be thoroughly investigated 
increases. Second, the approach of today has resulted in an imbalance of 
pollution distribution between the cities and its hinterlands. The hinterland 
receives waste and pollution both from primary production and recycling at 
the same time as the cities get to exploit the advantages of the primary 
resources. Hence, applying such an urban mining approach will create a better 
balance of intangible advantages between the two. Third, today the public 
have little chance to become fully aware of the ever-scaling material flow 
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associated with modern life. Applying such an urban mining approach will 
provide the public with the opportunity to become aware of this and increase 
their knowledge. Finally, the cities will become less dependent on primary 
resources through using their own secondary resources (Brunner, 2011).

Metal flows, is one example of a resource that have been studied over several 
decades, mainly to detect the source of environmental pollution (Anderberg 
and Stigliani, 1994; Bergbäck, Johansson and Mohlander, 2001; Lindqvist 
and von Malmborg, 2004; Van der Voet, Guinée and Udo de Haes, 2000). 
There has been increased interest shown for the analysis of stocks of metal 
that is in actual use in society in recent years. The research also incorporates 
the metals physical distribution and rejects rates as a function of time (Kapur, 
2006; Recalde, Wang and Graedel, 2008; Van Beers and Graedel, 2003; 
Wittmer and Lichtensteiger, 2007). Such research is primarily driven by 
concerns regarding resource availability and exploring the potential of using 
new, alternative, tools for future extraction of metals. In addition to 
information regarding resource potential in urban stock, landfills and 
municipal solid waste, economic modeling is also necessary. Such modeling
should aim towards illuminating which secondary resources and material that
have the potential of promising a lucrative business and which materials and 
resources that generates marginal or even negative asset placement (Brunner, 
2011).

3.2 Design

The word design is both a verb and a noun and it can refer to several different 
meanings, e.g. the design process, which implies on how something is 
designed, or the art of design, which is more or less just the esthetical appeal 
of an object (Österlin, 2010; Lawson, 1997). Design can be defined as a work 
process to develop solutions in order to solve problems in a conscious and 
innovative way, where both functional and esthetical customer requirements 
are taken into account. However, design is not only about solving problems, it 
is also about finding and identify them (Lawson, 1997). Jones (1992) states 
that design should not be defined as an art, a science, or a form of 
mathematics. Instead, it should be defined as an activity where all these take 
part to get a successful execution. Design is considered most likely to fail if it 
is defined separately from each of them.
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Design is applied in many different areas, e.g. development of products, 
services, processes, messages and environments (Engwall, 2003). Within the 
area of product design, there are two main areas that can be identified; the 
ergonomic adaptation of the product to humans, and the way of designing a 
product in order to appeal the target market (Österlin, 2010). The time for 
executing a product development can take everything from a few months up 
to several years to complete. The determinant of this is for example the 
products complexity and how well the product is defined in the beginning of 
the process (Baker, 2010).

The meanings of the expressions design and product development are similar. 
The difference is that design is quite diffuse and can refer to more than one 
meaning, while product development is more distinct. The design process and 
product development process, on the other hand, refers to the same thing.

3.2.1 Design history

Heskett (2005) describes that the human nature, throughout history, has 
remained notable unchanged, while design on the other hand has been 
developed and demonstrated in a variety of ways. He states “the human 
capacity to design has remained constant, although its means and methods 
have altered, parallel to technological, organizational, and cultural changes”
(Heskett, 2005, p.8).

Product design that focuses in functional optimization can be traced back to 
the classical antiquity (ca. 80-10 B.C.) when an artist, architect and engineer 
by the name Vitruvius lived. He is the author of the oldest found documents 
about product design (Bürdek, 2005).

3.3 Design processes

Throughout this literature study, no information has been found regarding 
design processes that are customized for unknown research areas. This thesis 
will thereby fill a part of this gap by defining such a process. 

A design process consists of a chain of events that starts with an input and 
ends with an output. A design process refers to the sequence of activities that 
is performed by a company in order to design, create, commercialize and 
improve a product/service (Dubberly, 2008; Ulrich and Eppinger, 2012). 
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There is no such thing as a general design process that can be implemented in 
all different kinds of cases, due to that they all require different approaches 
and realizations. Thus, the process has to be customized for every specific 
design case. However, one difficulty when developing a map of the design 
process is that it is never possible to be sure when all aspects of the problem 
have emerged (Lawson, 1997).

The typical design process are a linear and sequential process, also called a 
stage-gate-model, where the different stages in the evolving of a product is 
separated with gates that work as distinctive milestones. In every gate, the 
project is analyzed and a decision is made whether the next stage should be 
started or not. However this theoretical linear process seems to not often 
match with how product developments work in practice (Engwall, 2003). 
According to Cooper (2001) stage-gate processes are divided into a number of 
stages, often 4-6. The different stages are all cross-functional and designed to 
facilitate and speed products to market.

To define the development process well is useful for many reasons, such as 
quality assurance, coordination, planning, management and improvement 
(Ulrich and Eppinger, 2012).

Österlin (2010) and Baker (2010) explain that the design process usually is 
divided into five stages, while Ulrich and Eppinger (2012) states that it is 
generally divided into six stages. Although the number of steps in the design 
process differs from various sources, the fundamental meaning of the process 
is basically the same. The first set of events of the process typically involves 
planning, goal settings and decisions regarding framework, resources and 
deadlines. When this part is completed, information regarding the products 
practical functions, requirements, appropriate manufacturing approaches etc. 
is analyzed and compiled in a requirement specification. These requirement 
specifications are then used as a base when ideas and solutions are generated, 
and a number of concepts are developed. The various concepts are then 
evaluated and assessed in order to select the best concept, which often is a 
combination between a couple of concepts in order to obtain the best solution 
possible. When a concept has been chosen and is almost fully developed, 
prototyping of the solution and tests are performed. Some last-minute changes 
may be needed before the solution gets the desired features and can be 
commercialized. Finally, the complete product is produced in a suitable 
production system (Baker, 2010; Kelley and Littman, 2001; Ulrich and 
Eppinger, 2012; Österlin, 2010). One of the most important skills a designer 
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must develop is the way of modifying the design process in response to the 
structure of the specific design problem (Lawson, 1997).

The amount of work in each stage varies from project to project and the 
sequence of the stages can vary and also be repeated if necessary. Certain 
tasks can sometimes be done in parallel as well (Österlin, 2010). It requires a 
lot of experience and judgment to identify the end of a design process, since 
design problems defy comprehensive description and offer an infinite number 
of solutions. When the chance of significantly improving the solution seems 
small, the designer decides to end the process. Although this does not mean 
that the designer is necessarily completely satisfied with the solution. Major 
limiting factors in design are often time, money, and information. A lack of 
any of these factors can lead to an early end of the process (Lawson, 1997).

Problem solving can be described as the process of finding the unknown. 
However, this process does not always follow the same line, since every 
problem has its own characteristics. Thus, design problems cannot be 
comprehensively stated. This is due to the fact that they can be structured in 
an infinite number of ways and involves different roles such as clients, users, 
designers and legislators (Lawson, 1997).

Problem solving can according to Österlin (2010) be divided into three steps; 
analysis, synthesis, and evaluation. During the analysis, a broad scope is 
investigated. The problem is then divided into smaller parts in order to make 
it easier to approach. During the synthesis, the different parts are combined 
into new compositions, and finally, in the evaluation phase, the number of 
alternatives is reduced based on their impact. Lawson (1997) states that it is a
skill to know when to end a design process and call it a solution.

3.3.1 Typical design process

Even though the design process differs from time to time it can be described 
in a more general way, which will be explained in the following part. The 
number of steps that the design process consists of also differs from time to 
time as described earlier. However, in this study, five main phases are chosen;
planning, benchmarking & needfinding, concept generation & evaluation,
prototyping & testing, and detailed product design, release & follow-up.
These particular steps are repeated in several different product development 
approaches, and together they form a process that will be seen as a typical 
design process in this study.
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3.3.1.1 Planning

Usually, there are three main reasons to start a new design project; technology 
push, market pull, or product change (Ullman, 2010). A product development 
project often sets its base from the development organizations product plan 
which is a goal plan with release dates for new unidentified products or 
improvements of current ones (Ulrich and Eppinger, 2012). A feasibility 
study with project team gathering and subject background check etc. is done, 
partly to prevent that any resource demanding work gets started with the 
wrong premises (Johannesson, Persson and Pettersson, 2013). It is very 
important to go through the goals with the project before starting so that 
everyone is on board with what will be required to reach those goals (Österlin, 
2011). When the right premises are set, a project plan can be established.

A first draft of a project plan should include an overview of the whole project 
in form of a milestone schedule that shows in which order the most important 
activities will take place, and an idea of how much resources and time that 
will be required (Lindstedt and Burenius, 2012). Cooper (2001) says that the 
perfect plan should be focused on completeness, quality, and the most 
important parts of the process. The scope of the project is determined in the 
first stage of the project, including the market size, market potential, and 
technical feasibility (Cooper, 2001). 

3.3.1.2 Benchmarking & needfinding

The second stage contains research and investigations regarding the market in 
order to gain needs, wants, and preferences from the customers (Cooper, 
2001). In order to obtain the customer needs, all the customers first have to be 
identified. One way to know that all customers has been identified is to have 
the whole life cycle of the product in mind (Ullman, 2010). An analysis of the 
competitors is also performed in this stage in order to see where the 
competition stands (Cooper, 2001).

The most common ways of gathering data from customers are to perform 
interviews and to observe a product or process in action. When the raw data is 
gathered, it gets interpreted into a list of customer needs that then are 
organized to establish the importance between them (Ulrich and Eppinger, 
2012). When the statements from the customers are collected and the personal 
observations are done, they need to be translated into measurable design 
targets in order to facilitate the design of the product (Ullman, 2010). How 
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this is done depends on the situation of the development; if the desired 
outcome of the project is known then the requirements can be stated from the 
needs directly. In order to translate the voice of the customer into technical 
requirements, it is interpreted and re-stated by engineers to achieve a detailed 
specification. If the desired outcome of the project on the other hand are 
unknown, the customer statements and personal observations then needs to be 
further evaluated in order to choose a path with high potential to move on 
with before the requirements can be defined.

3.3.1.3 Concept generation & evaluation

The requirements of the customers that are gathered in the benchmarking and 
needfinding phase works as a basis when it is time to generate concepts 
(Ullman, 2010). A concept for product development is a rough description of 
how the product will be formed and how it will work. This is often done by 
using a sketch or a three-dimensional model of the concept, to be able to 
communicate its functions and show how it will satisfy the customer needs 
(Ulrich and Eppinger, 2012).

There are different methods for generating concepts as solutions to a problem. 
Johannesson, Persson and Pettersson (2013) state that there are two different 
approaches for this, the first one is creative methods, among these the most 
known and used one are a traditional brainstorming activity. The second 
approach is to use more systematic and rational methods, one example of
these are a method called TIPS, which means “Theory of Inventive Problem 
Solving”.

When a desired number of concepts has been developed it is time to compare 
them with the requirements that was found in the previous phase to easier 
make a decision regarding what concept to proceed with, for example by 
using a Pugh’s matrix. The evaluations of the different concepts are done in 
order to find the concept with the highest potential of being successful on the 
market. The concepts that are most promising are then further developed in 
the next phase (Ullman, 2010). It is common to take specific parts from the 
different concepts in order to combine them in a common solution (Österlin, 
2011). 
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3.3.1.4 Prototyping & testing

Ulrich and Eppinger (2012) define prototyping as a process of developing an 
approximation of a product. Johannesson, Persson and Pettersson (2013) 
states that prototypes can be created for a wide range of purposes while Ulrich 
and Eppinger (2012) says that prototypes are used in product development for 
four different purposes; learning, communication, integration and milestones. 
The learnings from prototyping are often the answers to two different 
questions; if the solution will work in practice and how well it corresponds to 
the customer needs. Communication between the company departments, and 
even customers, gets easier with a physical model to look at and feel instead 
of just a description. Physical prototypes are also meant to test the function of 
the integration between several subsystems and components. A prototype can 
also be created as a milestone, with the intentions to demonstrate that the 
development has reached a certain level. These milestones can be considered 
as gates where the prototypes get tested to evaluate if the project should move 
on or iterate to further develop the product (Ulrich and Eppinger, 2012).

Johannesson, Persson and Pettersson (2013) mention some different kinds of 
physical prototypes, e.g. mock-ups that illustrate color, shape and feel, and 
functional prototypes that are meant to test a certain function. They also 
mention that physical prototypes can be serial produced with the intentions to 
be tested at a market to get feedback for improvements. It is as well very 
common nowadays according to Johannesson, Persson and Pettersson (2013) 
to talk about virtual prototyping. Virtual prototyping means that a model of a 
certain product is sketched in a computer program to allow the developer to 
look at it from different angles and even test specific functions by simulations. 
These virtual prototypes are by advantage created before a physical model, to 
be able to make improvements before a model is built, which saves both time 
and money.

In the prototyping and testing phase, several different activities are usually 
performed, e.g. trials and pilot production of the product and market tests in 
order to, among other things, gain reactions from the customer (Cooper, 
2001). 

3.3.1.5 Detailed design, release & follow-up

In this phase the concept solution works as a baseline and will be further 
developed into a functional product that fulfills the requirements that has been 
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defined in previous phases. The output from this detailed product design shall 
be a description of a functional and usable product. It also has to be possible 
to produce the final product in at least some copies for further analysis and 
testing. The detailed product design will be done by dimensioning and pick 
standard components, design new unique details if needed, define the product 
architecture, and describe the product layout (Johannesson, Persson and 
Pettersson, 2013). The product architecture is related with the products 
interface from company-specific reasons, while the product layout is related 
to formation and placement of physical components due to geometrical and 
space oriented reasons (Johannesson, Persson and Pettersson, 2013; Ulrich 
and Eppinger, 2012). 

When the product is complete and released to the production, there is still a 
responsibility to support the manufacturing, the vendors, and to assist in the 
introduction of the product to the customers. 

When a project is finished and a product is released, a follow-up and an 
evaluation should be performed within the team in order to gain learning from 
the process. The design team is also sometimes a part of the process when it is 
time to retire the product (Ullman, 2010). The follow-up can according to 
Volvo Group (2014) mean that the project is handed over to the organization 
managers. Then a check if the underlined targets for the project are fulfilled 
can be performed. This will give insights in whether the project took some 
unexpected turns or not. At last, the project will have to be summed up and 
closed.

3.4 The development of products/services

Contributions from nearly all functions of a firm are required within product 
development but there are three functions that almost always are central to a 
product development process; marketing, design and manufacturing. The 
marketing function most often maintains the communication between the firm 
and its customers. The close contact to the customers enables the marketing to 
identify needs and opportunities for new products and services. The design 
function includes both engineering- and industrial design; they play the main 
role in meeting the customer needs in terms of the products physical form. 
The manufacturing functions are responsible for the production system in 
order to produce the product (Ulrich and Eppinger, 2012).
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Product development is challenging; the success rate of most companies is 
about 50 % of their total development. To maximize the success of a product, 
it is important to recognize, understand and manage trade-offs in the design; 
very small details can generate large costs in mass production. The resulting 
product has to be relatively cheap to produce but still appealing to the 
customers. It is important to identify customer needs to be able to satisfy them 
and even predict what the customer wants without them knowing it. It is also 
important for the company to have foresight, since improving technology and 
competitors are pushing the market forward rapidly. Many decisions usually 
have to be made without complete information due to time pressure. Another 
challenge with product development is the process of going from an idea to 
production of a final product, since creativity can be hard to force. 
Development teams need people with different background, skills and talent 
to be successful. This often means that they have different perspectives and 
personalities that can collide. It is important to keep the team spirit good to 
keep the team motivated (Ulrich and Eppinger, 2012).

Another thing that can be challenging when designing a new product is that 
the design freedom decreases the further into the design process one gets, see 
Figure 3.1. More knowledge about the problem and its restrictions are 
revealed and has to be taken into consideration, which leads to that the 
possible ways of designing the product is reduced (Ullman, 2010).
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Figure 3.1. The design process paradox, which describes that the more you 
learn, the less freedom you have to use what you know. Adapted from 

(Ullman, 2010, p.19).

Products that can be produced and sold profitably are from the investor’s 
perspective successful product development results. But profitability is often 
hard to assess quickly. Other aspects that relate to the profitability are often 
used to assess the result of a product development effort. These are product 
quality, product cost, development time, development cost, and development 
capability (Ulrich and Eppinger, 2012).

For a product or service to be successful on the market, the customer value 
has to be as high as possible. Customer value can be defined as the 
relationship between the perceived benefits for the customer, also described as 
satisfaction of needs, and the sum of all expenses needed to produce the 
product or service, also described as use of resources (time, money, effort) 
(Lindstedt and Burenius, 2012). There is very little value in creating a product 
that nobody wants or that is too expensive in comparison to the needs that are 
being fulfilled (Baker, 2010).
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Today, markets and technologies are changing faster than ever before. 
Therefore, the key to success is to be able to launch new products to the 
market before competitors. But it is important to not haste the process too 
much, for example to cut corners, since that may result in poorly executed 
products instead. One recurring thing that often is unfavorable to projects is 
the lack of accurate market research. This results in many assumptions that in 
turn lead to the product not meeting the market requirements (Cooper, 2001).

This case study has however not only been focusing on developing a physical 
product, instead it have been a lot of focus in developing a system context for 
the product. This system will then improve this product by opening up new 
possibilities and by satisfying more needs. It will also by itself make it easier 
to understand the needs that are fulfilled.

3.5 Design approaches & tools

When working with product development there are some different tools and 
approaches that can be utilized to support the process. These utilities target 
different areas that advantageously need to be considered when developing 
products and services.

3.5.1 Design for excellence (DFX)

Design for excellence is an overarching expression for some tools and 
methods that can be used during product development. The X stands for 
basically any of the different process steps during the development of the 
product, e.g. DFE (Design for Environment) and DFM (Design for 
Manufacturing) (Lindstedt and Burenius, 2012).

When designing for excellence it is beneficial to make a simple design with as 
few components as possible, and also to make it modular in case of required 
variations. Ease of manufacturing and ease of assembling are also essential 
things to consider, as are the importance of making the product 
environmentally friendly (Lindstedt and Burenius, 2012). 
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3.5.2 Design for environment (DFE)

Design for environment is an approach that aims to reduce the environmental 
impact of products continuously by designing to make the product recyclable, 
reusable, durable, and easy to maintain (Szczerbicki and Drinkwater, 2004). 
Fiksel (2012, p.83) describes design for environment as “the systematic 
consideration of design performance with respect to environmental, health, 
safety, and sustainability objectives over the full product and process life 
cycle”.

3.5.3 Design for manufacturing (DFM)

The methodology of design for manufacturing is very important since it 
directly addresses manufacturing costs. Manufacturing costs is one crucial 
aspect when it comes to the economic success of a product. The profit margin 
for the company depends on the difference between selling price and the cost 
of manufacturing. DFM practice leads to lower cost of manufacturing without 
sacrificing product quality (Ulrich and Eppinger, 2012). To be able to reduce 
the manufacturing cost of a product, the area that raises its costs has to be 
detected and decreased. According to Lindstedt and Burenius (2012), DFM 
can be divided into five separate activities; to perform calculation of the 
manufacturing cost, to select manufacturing process, to simplify and optimize
the manufacturing process, to simplify the design of the product, and to adapt 
the design of the product for the manufacturing process. These activities can 
be applied separately or in a sequence in the design, in order to simplify 
manufacturing and in that way reduce costs.

3.5.4 Design thinking

Lawson (1997) considers that design thinking is a mental thought process that 
involves the strategies, principles and tactics that designers use when 
developing solutions. The thought processes of design are needed to identify, 
understand and analyze the design problems to develop solutions for them 
(Johannesson, Persson and Pettersson, 2013; Lawson, 1997).

Design thinking is also often seen as a method for problem solving, thus, an 
iterative process, consisting of five main stages; defining the problem, finding 
needs by investigating the market, idea generation, prototyping, and testing. 
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These different stages are not followed in a particular order step by step, but 
are instead performed as needed for the design process as shown in Figure 3.2 
(Johannesson, Persson and Pettersson, 2013; Plattner, Meinel and Leifer, 
2011). Brown (2009) states that true design thinkers know that there is no 
such thing as a best way to perform a development process. Design thinking is 
an exploratory process and this is the main reason to its iterative and nonlinear 
nature, all findings along the way may lead the designer into different paths. 
The stage-gates will at least work as useful landmarks along the process, but 
design thinking should not be seen as a sequence of steps that are followed in 
a specific order, it is best seen as a system of overlapping sequences (Brown, 
2009).

Figure 3.2. Illustration of how the design process looks in theory (to the left) 
and how it usually turns out in real life (to the right). Adapted from (Plattner, 

Meinel and Leifer, 2011, p.xiv).

Design thinking is based on a development methodology where the users 
often are involved in the work to reveal their opinions. Visualizations in form 
of prototypes are often used in the development process to test functions and 
to communicate a message (Johannesson, Persson and Pettersson, 2013; 
Plattner, Meinel and Leifer, 2011).

3.5.5 Product-service system (PSS)

Products and services have in the past most often been seen as two separate 
things. They have however in recent years converged more and more into one 
combined system; a product-service system (PSS). The drivers in the world 
today are changing the way that products are developed. Instead of just 
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producing material goods, the offers are based on information and knowledge 
to provide a service-combined product (Rajkumar and Baxter, 2009). A PSS 
can be described as a combination of products and services where the usage of 
a product or service is sold instead of a physical product (Baines et al., 2007). 
Tukker and Tischner (2006, p.1552) describe PSS as “a mix of tangible 
products and intangible services designed and combined so that they jointly 
are capable of fulfilling final customer needs”. This is close to the description 
of a product-service system that Rajkumar and Baxter (2009) explains as an 
offering that provides the customer with value in use instead of just the 
functionalities, and that one of the main targets by PSS is to create high 
overall revenue through the life cycle of the product. A PSS can thus deliver 
more value than a regular product by producing more customer adapted 
solutions with higher quality and also flexibility to fit customer needs, which
at the same time if designed appropriately are more sustainable (Baines et al., 
2007; Rajkumar and Baxter, 2009; Tukker and Tischner, 2006). 

Figure 3.3. A product service system is not a “productified service design” or 
a “servitized engineering design”. Instead, it is its own process with 

influences from service- and engineering design. Adapted from (Baines et al., 
2007, p.1546).
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Tesla Motors in Silicon Valley, California, stands for one example of an 
implemented PSS solution. Tesla develops and produces electric cars and 
various components for electrical vehicles. A large concern for electric 
vehicles is the range of a fully charged battery before it has to be recharged,
and the amount of time it requires to recharge. Tesla therefore provides the 
PSS solution of keeping the ownership of the battery pack of the vehicle that a 
customer buys, and also provides the service of swapping battery in about the 
same time it takes to refuel a fossil fuel driven vehicle (Larsson, 2014). This 
provides the customers with a reliable system that makes them feel secure.

PSS solutions are seen as more sustainable than regular products due to the 
fact that the ownership and responsibility lies in the hands of the provider, and 
not the customer. Implementation of PSS leads to that fewer products are 
produced, which in turn will reduce the use of resources at the same time as 
the amount of waste is lowered (Baines et al., 2007). Organizations that are 
making this change towards a PSS based development needs to be adaptable 
to the transition. This includes their current processes, procedures, business 
model, relationships with both customers and suppliers, and even the mindset 
of the employees (Rajkumar and Baxter, 2009). Baines et al. (2007, p.1549) 
states that a company “must move from ‘product thinking’ to ‘system 
thinking’” when designing a PSS. 

3.5.6 Circular economy (CE)

The most common understanding of economic systems in the past has been 
that they are linear (Bilitewski, 2012; Ellen MacArthur Foundation, 2012). 
The way it always has been done since the beginning of industrialization is 
that the companies extract materials, produce products, and sell them to 
customers. When the customers no longer need the product they dispose it. 
This take-make-dispose approach is shown to the left in Figure 3.4. This is not 
only unsustainable and bad for the environment; it also has negative impact 
for the companies, primarily in the form of higher resource prices (Ellen 
MacArthur Foundation, 2012). The linear economy is now continuously in the 
progress of being transformed into circular living systems as illustrated to the 
right in Figure 3.4 (Bilitewski, 2012). 
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Figure 3.4. Illustration of linear economy and circular economy. Adapted 
from (Clift and Allwood, 2011). 

Circular economy (CE) has been evolved by time and today it is seen as an 
environmental friendly economic strategy, whose major objective is to push 
the sustainable development of society and economy at the same time as it 
contributes to environmental protection (Yuan, Bi and Moriguichi, 2006). To 
prevent waste and pollution is an important goal, as are improved reuse and 
recycling of waste. This can be done by working towards a cleaner production
at the same time as economic tools, like producer responsibility and tax 
reductions, are introduced (Bilitewski, 2012). Closed material flows, together 
with energy and raw material use through several stages represents the core of 
circular economy as shown in Figure 3.5 (Yuan, Bi and Moriguichi, 2006).
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Figure 3.5. The circular economy - an industrial system that is restorative by 
design. Adapted from (Ellen MacArthur Foundation, 2012, p.24).

According to Yuan, Bi and Moriguichi (2006) there are three common ways 
of approaching CE in practice, these are called the 3R principles; reduction, 
reuse and recycling.

Yuan, Bi and Moriguichi (2006) states that there are in practice three different 
layers of implementation grade of circular economy. The first one is called 
cleaner production, in which the production industries improve their
environmental performance. This could be controlled by laws and regulations. 
Another driver for this is for instance the fact that a heavily polluting industry 
creates a bad reputation. The main objective of the second level of 
implementation is to develop an eco-industrial network. The purpose with 
these networks is to create local business relationships between institutions, 
industries, government etc. in order to improve production efficiency, 
ecosystem health, and investment competitiveness. The third level involves
the development of an eco-city. Key elements when approaching this are 
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sustainable production and also consumption (Yuan, Bi and Moriguichi, 
2006). 

Circular economy aim towards replacing the end-of-life concept with a living 
system. The core objective with CE is to eliminate waste; the products should 
e.g. be designed for reuse, as seen below in Table 3.1. Another thing that is 
important to think about in CE is the difference between durable and 
consumable components. In a perfect CE world, all consumable components 
should be made out of non-toxic biological ingredients. Also, energy from 
renewable sources should be used for producing these products (Ellen 
MacArthur Foundation, 2012). Life cycle design (LCD) is one approach of 
product development that can be utilized to embrace circular economy.

3.5.6.1 Life cycle design (LCD)

Life cycle design involves a distinct way of thinking when designing products 
and services. To some extent all companies that aim to develop products and 
services with the environment and the future in mind use it. Thus, life cycle 
design refers to the process of developing products and services with 
consideration of their complete life cycle. This can for example mean that a 
product and its surroundings are designed in such a way that there is a pre-
developed way of handling the product after its use. Since innovation and 
competition between companies are pushing the market rapidly in today’s 
society, the life of many products has been shortened which leads to a lot of 
waste.

Different principles and criteria are established to ease the implementation of 
life cycle design in product development processes.  These should be taken 
into account when designing for environment (Behrendt et al., 1997).
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Table 3.1. Guidelines and design principles. Adapted from (Behrendt et al., 
1997, p.53).

P 1   Achieving environmental efficiency/optimal function

P 2      Saving resources

P 3      Use of renewable and sufficiently available resources 

P 4      Increasing product durability 

P 5      Design for product reuse 

P 6      Design for material recycling 

P 7      Design for disassembly

P 8      Minimizing harmful substances 

P 9      Environmentally friendly production

P 10    Minimizing environmental impact of product in use 

P 11 Using environmentally friendly packaging 

P 12    Environmentally friendly disposal of non-recyclable materials 

P 13    Implementing environmentally friendly logistics

There are also some tools for life cycle design that are available for the 
developer to use in different stages of the design process. Two of the main 
tools for environmental assessment that Behrendt et al. (1997) mentions are 
life cycle assessment (LCA) and the product summary matrix. These differ in 
the way that LCA is mainly a quantitative tool and the product summary 
matrix is a quicker, more qualitative tool (Behrendt et al., 1997).

The definition of LCA by ISO 14040 reads:

“LCA is a technique for assessing the environmental aspects and potential 
impacts associated with a product, by

compiling an inventory of environmentally relevant inputs and outputs 
of a system ;

evaluating the potential environmental impacts associated with those 
inputs and outputs ;

interpreting the results of the inventory and impact phases in relation 
to the objectives of the study” (International Standard, 1997, p.3).
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The product summary matrix is an alternative tool to LCA that is defined by 
Behrendt et al. (1997) as rapid LCA, since the complete LCA is a time 
consuming method to use. Rapid LCA uses a 5 x 5-column matrix to assess 
the environmental burden that the analyzed product or system causes. The 
analyzed life cycle stages are arranged in the columns and the environmental 
concerns are found in the rows of this matrix. Representative numbers are 
then assigned in the matrix to assess the environmental impact (Behrendt et 
al., 1997). This matrix is illustrated in Table 3.2.

Table 3.2. Environmentally responsible product assessment matrix (Behrendt 
et al., 1997, p.131).

Life cycle stage
Environmental concerns

Materials 
choice

Energy 
use

Solid 
waste

Liquid 
waste

Gaseous 
emissions

Premanufacturing
Product 
manufacturing
Product 
packaging and 
transport
Product use
Refurbishment-
recycling-
disposal

36



4 Analysis of the urban mining case 
study
The urban mining development project, together with the theoretical study, will 
in this chapter be analyzed as a case study in order to gain results for answering 
the research questions. In this study, five stages of the design process will be 
analyzed and described. The different stages will be described stepwise, but due 
to the fact that the design process isn’t a predetermined step by step procedure, 
and rather looks like the illustration in Figure 3.2, it will not be disclosed in the 
exact order it was performed.

4.1 Urban mining

The idea has from the beginning of the development project been that the end 
result should lead to a solution in form of a product and a system view that 
shows how urban mining can be a part in both today’s society and in the 
future, in this case in year 2030. This is an approach that has been constant 
and kept in mind throughout the whole process.

Urban mining has the possibility of being a future business segment that is 
striving towards sustainability by recovering resources from waste produced 
by the urban landscape. Due to the fact that urban mining is a quite 
unexplored and untapped market, there are great possibilities to become a 
leader within this segment.

Brunner (2011) states that energy consumption and pollution caused by waste 
production in urban landscapes today is a major concern, and that a change is 
needed. Interviews with contractors in the business of construction and 
deconstruction have at the same time given the insights that noticeable trends 
today and for the future is stricter regulations for pollutions caused by the 
transport sector for example. By moving waste management directly to the 
place where the waste is produced, it is possible to reduce, or even eliminate 
the transports for those materials that can be recycled or reused at the same 
place. Another trend that aims in the same direction, and that also is gathered 
from interviews and observations, is the fact that deconstruction today require 
more and more paperwork related to waste management. The paperwork is a 
very time consuming and thoughtful process. This increased amount of work
is mainly due to the fact that the waste management has to be planned in 
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detail, documented, and approved before the deconstruction even can begin. 
These required actions are regulated by laws, which get more and more strict 
with time. Since deconstructions are located at different places from project to 
project, there will also be differences in, for example, which waste 
management facilities that will be utilized. These facts make the planning and 
documentations hard since they will look different from time to time. Again, 
managing all the produced waste directly at the deconstruction site, generates 
the potential of reducing this amount of paperwork. This is since the waste 
management process then will be more controlled and contained in a complete 
system flow. The system would basically look the same every time since the 
only difference is what kind of materials that the deconstructed building 
consists of. If the management process looks the same every time, so could 
the paperwork, and that would save time and money. Moving these processes 
to urban deconstruction sites where the environment is denser than its current 
locations in the suburbs will also result in more requirements related to 
working environment. This will, mainly in terms of noise and dust pollution, 
change the way of managing materials to the better.

The urban mining case study mainly consists of research, field studies, 
observations and interviews within the construction and demolition sector and 
its surroundings. Research has been conducted in relation to the following 
companies in Sweden: AF decom, Areco contractor, Bredemads 
avfallsanläggning, Ekeby vattenrening och våtmark, Mältans 
återvinningscentral, NCC, Pon equipment, Ragn-sells, Sims recycling 
solutions, Sita, Skanska, Stena technoworld, Swecon, Trellegräv and Volvo 
CE. In addition to these, further research with companies in the USA has been 
performed. Handouts from some of these field studies with further 
explanations can be seen in Appendix 1. For more information about the area 
of urban mining, see Dahlqvist et al. (2015). 

The most repeating problems that were observed during the needfinding in all 
the subfields of urban mining was at first the fact that manual labor affects 
humans negatively when handling all the hazardous waste. Another large 
problem is all the transportations of material considered as waste, all these 
materials need to be transported to different locations for processing in order 
to be recycled or reused. Another very similar observed fact at a 
deconstruction site is that materials that are needed as infill after the 
deconstruction, often gets transported away due to limited space on site to 
store the materials. This means that the materials need to be bought back and 
transported again when it is time for the construction. This showed the need 
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of storing materials on site without occupying as much space as a pile. In 
many of the site visits that were made, there was also the problem of very 
time consuming sorting processes of the materials. These needs can be seen in 
Figure 4.1.

Figure 4.1. Deconstruction worker in harsh environment dealing with 
hazardous waste (to the left), sorting bins that need to be replaced and 

transported away from the job site (in the middle), and time consuming, piece 
by piece sorting processes (to the right).

Observing deconstruction sites in the benchmarking and needfinding phase of 
the project where buildings were torn down, generated the insight that all the 
materials that are sorted out, gets placed in containers and has to be 
transported away to be processed in different ways in order to be recycled.
The reason for this is the fact that these processes creates heavy noise and 
dust pollutions and cannot be utilized in urban environments. From this, the 
idea of recycling materials, especially concrete, at the deconstruction site 
arose to avoid these transports. This led to the concept solution Urban Mining 
Factory (UM Factory), which is meant to contain the process in a sealed 
environment in order to reduce noise and dust. This concept is shown in 
Figure 4.2.
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Figure 4.2. Illustrative picture of a UM Factory solution, where the sidewalls 
are removed to visualize the inside.

Limited space at C&D sites in urban environments leads to the fact that 
materials from for example a deconstruction has to be transported away. 
These materials then need to be brought back in order to reconstruct the space 
afterwards. This was also observed as a problem in the needfinding phase. 
From this, some ideas regarding how this problem could be solved was 
generated. These concepts were based on a storage unit that could occupy 
space vertically instead of horizontally at the ground. The main solution to 
this need that was developed in this case was the modular storage unit NIX, 
see Figure 4.3. The NIX is a storage unit that is designed with one bottom and 
a various number of panels that has the potential of being assembled in 
different geometries, preferable a square or a hexagonal. These units can be 
filled with material and then stacked on top of each other, in order to utilize 
vertical space and by that reduce the footprint area compared to a pile. The 
modularity refers to its simplicity and also possibility to be handled without 
any machinery. For more information and details about NIX, see (Bunker et 
al., 2015).
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Figure 4.3. Illustration of the modular storage NIX.

4.2 Planning

A Gantt chart was utilized in order to define a rough planning of the project. 
The project setup was defined by analyzing the steps of a product 
development process that Ulrich and Eppinger (2012) describe. However, 
since urban mining is a relatively unknown subject, it is not possible to follow 
the anticipated planning in full detail. The focus constantly changes and it is 
hard to predict what will come next. Due to this, the planning needs to be 
modified throughout the whole process in order to get back on track if 
unforeseen circumstances occur.
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It is, according to Österlin (2011), very important that everyone in the team is 
aware of the goals with the project before starting, to ensure that everyone 
knows what is expected. Therefore, it is beneficial to create a mission 
statement that intends to support the development process by providing input 
information and reflections regarding information provided from the 
stakeholders. A mission statement is preferably defined in the planning phase 
of the process, but can also be developed throughout the study due to new 
findings and insights. It is also a way to make sure that the whole team shares 
the same goals and has the same understanding of the project. Most of the 
mission statement’s content is defined to preserve the ambiguity. In order to 
make sure that the entire team agrees on a collective goal and vision to work 
towards, it has in this project been beneficial to reflect about the vision and 
the goals of the project within the group continuously through the design 
process. Potential has been seen in these kind of sessions since everyone was 
aware of what was expected from them and what needed to be done. A stated 
vision can also work as a motivator, which is especially important when 
working in an unknown field since it is easy to interpret and perceive things 
differently.

A mission statement was formed based on the fact that earth's resources are 
limited, and that the way of extracting these resources/materials is very 
harmful for the environment. Due to this it is ever so likely that it no longer 
will be allowed to mine from the bedrock in the future. The purpose with the 
project was to investigate if urban mining can be a future business segment 
for VCE. To do this, an investigation regarding how the construction industry 
will look in the future is needed where scenarios like “what if mother earth is 
protected and no more mining is allowed, 100 % recycling is demanded, land 
will be the most scarce resource, machines can do work without human 
operators” etc. The mission statement is shown in Appendix 2.

Throughout the product development process the problem was sequentially 
elaborated more and more. Urban mining can be regarded as an umbrella term 
that is used to describe multiple related groups. The project initially
underwent to investigate several material streams.

There are four solid waste streams in today’s economy as illustrated in Figure 
4.4:

Construction and demolition waste (C&D)

Municipal solid waste (MSW)
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Electronic waste

Tires and rubber waste

Another stream that gets affected by these four flows has been identified by 
the research in the study. This is the material stream of water and wastewater 
in the society.

Figure 4.4. Illustration of material streams in the society. Adapted from 
(eCyclingUSA, 2012).

By investigating these fields, the understanding that the subfield C&D is a 
relatively high-level source of waste in the waste-chain arose. By eliminating 
waste from the C&D subfield, reductions of waste in the other subfields are 
also expected. This understanding led to that C&D got to be the prioritized 
area of the investigation later on in the project. Since the construction and 
demolition stream also affects other material streams, knowledge and 
information from these sections too has the potential to contribute with input 
to the continued work.

The case study showed that it is hard to define a problem statement in the 
beginning of a development project. This is since the area urban mining is an 
unknown field, which leads to that the problems also are unknown. Urban 
mining had to be explored in order to be defined in detail, this is the main 
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reason why problem statements usually have to be developed throughout the 
process instead of being fully defined from the very beginning.

4.3 Benchmarking & needfinding

In order to get a good knowledge base to start with and to build upon, it is 
important to perform a wide and thorough benchmarking and needfinding. 
The major part of this is often done in the beginning of the design process, 
however, it is essential to continue the benchmarking and needfinding 
throughout the entire study since there is always a potential for new findings.

The benchmarking and needfinding phase is probably the most important part 
of the product development process when dealing with an undefined subject. 
A lot more research and investigations are needed in order to interpret and 
define the area to begin with. Key factors of the benchmarking and 
needfinding for the urban mining project is the fact that the scope were held 
wide in order to gain a valid understanding of the subject, and also that the 
investigation never ended throughout the projects course.

Ulrich and Eppinger (2012) state that the most common way to collect 
information from customers is to do interviews and observations. The urban 
mining case study has through a qualitative approach consisting of field visits, 
where both interviews and observations has been done, generated a valuable 
understanding regarding the work that people on site performs. In this way it 
is easier to identify what the customer might want or need. Since the project 
team is stationed in two different locations, Sweden and USA, a broad 
benchmarking has been possible with insights from different places and 
cultures. Outcome from this study has shown that a broad benchmarking and 
needfinding, that is kept wide for as long time as possible, has been 
advantageous when defining the unknown research area urban mining, in 
order to not miss out on important facts and insights. However, eventually the 
scope needs to be narrowed down in order to gain a deeper understanding 
about a specific subfield, in this case construction and demolition.

One way of identifying a customer is to create a persona. The intention with 
the persona is to create a realistic and clear profile of the average user, which 
shows the average age, profession, lifestyle, and so on. It’s important to get a 
deep understanding of the persona to realize what he or she need, and why 
they need it. Personas can be of great use in the concept generation phase 
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where they work as a support when developing user and need centered 
concepts. In the development project, a persona was created for each subfield 
of urban mining in order to identify the customer. One example of a persona 
that was created in this phase is available in Appendix 3.

When needs are gathered from the benchmarking and needfinding phase, it is 
important for the continued development to compile these into a specification 
that keeps them structured. This specification is a good guideline later on 
when it is time to generate concept solutions for these specific needs. 

Analyzing the result from the benchmarking and needfinding phase makes it 
possible to converge the scope to some extent. This part of the design process 
should have a lot of focus since it sets the core in the definition of the studied 
area. The case study made it obvious that the thorough benchmarking and 
needfinding contributes a lot to the outcome of a project, since it is a very 
important part in understanding both the current situation but also the 
requirements to make it even better.

4.4 Concept generation & evaluation

Concept generation is performed in order to come up with new ideas on how 
to solve problems and how to meet the needs that are raised in the previous 
phases. This step should also be repeated throughout the process since 
continuously collected data constantly creates the possibility of generating 
new concepts. In order to cover as wide range as possible in terms of culture 
and background, the concept generations has in this case been performed both 
in Sweden and USA. A wide range of concept ideas will make it possible to 
build a system design instead of only one product. This is particularly 
preferable when working with an unknown area in order to define it as a 
future business segment. In order to benefit from previous gathered needs, 
they are reformulated into questions and used as material to sharpen the focus. 

IDEO’s guidelines suggests that before starting a session of concept 
generation, the focus should be sharpened by stating a clear description of the 
problem, and to set up playful rules that allows creativity and creates an 
unrestrained atmosphere where crazy ideas can flourish. During the session it 
is beneficial to demonstrate the ideas in a physical way, for example to sketch, 
draw and even prototype rapidly instead of just writing, in order to 
communicate and share the ideas easier (Kelley and Littman, 2001).
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Concept generation can be performed in several different ways. Three
different idea generation methods were conducted in the urban mining case 
study; brainstorming, brainwriting, and a sprint process. Brainstorming 
activities are conducted as open discussions and interactions, where ideas are
raised and built upon by everyone. The brainwriting method has the ability to 
generate a large quantity of ideas in a short amount of time. A sprint process 
is based on that each person generates ideas separately, which then are 
elaborated and combined into a story that is presented to all participants. 
Pictures of the three concept generating method can be seen in Appendix 4.

The outcome from the different concept generation methods are a bit different 
from each other, the brainstorming doesn’t generate as many ideas as the 
other methods, but instead they are more elaborated. The brainwriting on the 
other hand generates a very large amount of ideas under time pressure, 
however, these are though less elaborated and often needs to be combined 
with each other and developed further in order to achieve a valuable outcome. 
The sprint processes generates a specific number of concepts that all are fairly 
developed.

Many ideas from concept generation are quite crazy and not feasible with 
today’s technology, which can lead to a lot of discussions during the 
evaluation of these concepts. However, all these crazy ideas may lead to 
insights that are valuable for more realistic ideas later on in the process, thus, 
no idea is a waste. In order to easier proceed with further evaluation, the 
massive amount of generated ideas and concepts should be filtered out as 
relevant and less relevant ones before additional evaluation is performed. 
Evaluations of the concepts are according to Ullman (2010) done in order to 
find the concepts that have the highest potential to be successful. Österlin 
(2011) states that concepts often are combined to receive the best solution and 
to meet as many needs as possible. This was also utilized in the project. 

4.5 Prototyping & testing

The prototyping and testing phase has shown to be a highly important part of 
the design process. Ulrich and Eppinger (2012) states that there are four 
different purposes with prototypes in product development; learning, 
communication, integration and milestones. This has shown to be true during 
the project work; it has been very beneficial when trying to communicate 
ideas not only to each other, but also to third parties. The prototypes have also 
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been of advantage by giving an idea of how something can be built or 
function. The prototypes has in this project not been used as milestones in 
order to only show that the work has reached a certain level, instead, it has in 
almost all cases been done in order to assist the work within the project.

Prototyping has during the project been done continuously in order to 
communicate and evaluate ideas and concepts produced in the concept 
generation phase. The feasibility, fulfillment of needs, and user experience are 
elements that are evaluated when building a prototype. The approach should 
be to prototype as much as possible throughout the development, whenever it 
could provide some insights and learning’s to the project. For this project, two 
approaches of quick prototyping has been prioritized; critical function 
prototype (CFP) with the aim of creating a physical model that shows and 
makes it possible to try out a specific function in order to explore the design 
space, and critical experience prototype (CEP) with the intention to create an 
experience that is as real as possible to be able to gain insights. Another 
method for prototyping that has been applied is virtual prototyping, thus, 
CAD models. This method has mainly been utilized for concepts that have
been thoroughly developed in order to create a detailed prototype.

Prototyping and testing are preferably performed over a large part of the 
project work; ever since the idea generation starts and basically until the 
design process ends. There are according to Johannesson, Persson and 
Pettersson (2013) various types of prototypes, for instance mock-ups, 
functional prototypes, and virtual models. In the beginning of the project it is 
beneficial to create quick mock-up prototypes to show a function, to try 
something out, or to get feedback. Prototypes that get developed further in 
detail are advantageously visualized in CAD and also built in physical 
models, which are more advanced than the mock-ups. 

The ability to communicate ideas is especially important when designing for 
an unknown area. To be able to show and explain a concept so that the other 
party understands is essential in order to receive qualified feedback. It is 
thereby vital to display the ideas in a way where the respondent can interact 
and get a clear understanding of a concept. The prototyping that has been 
performed throughout the project has also been a valuable part of the learning 
process when it comes to get a deeper understanding of how things can be 
built, what works and what doesn’t, problem solving etc. The prototyping has 
also on several occasions led to that new ideas have emerged. Some examples 
of prototypes that have been created can be seen in Appendix 5.
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4.6 Detailed product design, release & follow-
up

The concepts that shows the most potential to be successful in the previous 
phases, and that has the most potential to fit into a future view of the 
investigated area, gets transferred into the detailed product design phase. In 
this phase the concepts get refined, designed for various specifications, plus 
that a description of its functions are made. It is, according to Johannesson, 
Persson and Pettersson (2013), time to make a description of a functional and 
usable product in this phase of the design process. This is a very important 
part of the products realization. From the case study it is noticed that it is 
important to combine different concepts in order to develop a complete 
system setup for the undefined area. For this project, a lot of work has been
put into fitting the two concepts, the UM Factory and the NIX, together by 
creating a system where the two could fit, both now and in the future. The 
final touches like definitive dimensions and unique details are set in this phase 
in order to make the concepts ready for manufacturing (Johannesson, Persson 
and Pettersson, 2013). 

It was noticed from the case study that designing for excellence among other 
design tools are beneficial to utilize in order to make a solution as adaptable, 
simple, and safe for both humans and the environment as possible. For 
example, by the important factor of keeping the design simple and modular, it 
is possible to make the solution adaptable for various situations. Another 
important aspect is to reduce the environmental impact caused by the product, 
both by making it environmentally friendly, but also the fact that its purpose 
will contribute to a reduction of negative impact on the environment. In this 
phase of the design process, it is established that these requirements are met 
by both designing the product and the system surrounding it. Lindstedt and 
Burenius (2012) state that ease of manufacturing and ease of assembling also 
are important elements to consider when designing for excellence. 

Design for manufacturing should be applied in the detailed design phase of 
the project by designing the parts and their features in a way that makes them 
easy and cost effective to manufacture. This will enable a higher profit margin 
for the production company. More about manufacturing processes applied in
the same case study within the research area urban mining can be found in 
(Kågesson and Tahir, 2015).
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Design for environment can for example be applied in the detailed design of 
the products by choosing materials that are easy to recycle after use. A simple 
and modular design allows for easy replacement of single parts instead of 
replacing the whole unit if one part breaks. Other environmental friendly 
approaches can be to make the product durable in order to enable a long 
product lifetime. 

There could be some struggles and contradictions when trying to design for 
all these tools and approaches at the same time. For instance, if a material that 
is environmentally friendly is going to be used in a product, but the material is 
really hard to use in the manufacturing, some conflicts may occur. This has to 
be solved by trade-offs and compromises where the importance of the 
different elements is evaluated. 
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5 Results

This chapter contains the results of this study, i.e. results both from the 
theoretical research and the empirical case study that has been performed.
Answer to the general research question how urban mining can be a future 
business segment, and to the specific research question how design processes 
can be formed to develop and innovate products/services within an undefined 
segment, together with an illustration of the development characteristics, are 
presented. 

5.1 Urban mining

In order to define urban mining as a future business segment, market trends 
has been identified to foresee the future needs. More about foreseeing future 
needs of urban mining can be found in (Ha, 2015). Drivers have also been 
identified to define why urban mining is needed in society. Some of the 
identified drivers and trends for urban mining in the future are presented in 
table 5.1. 

Table 5.1. Urban mining drivers and trends.

Areas Drivers and trends

Laws and regulations The C&D industry and waste management systems 
are in general becoming more regulated which 
creates more factors to attend to, especially in urban 
environments. Examples of such are noise levels, 
dust pollutions, number of sorting fragments etc. 

Regulations sets certain constrain to factors 
associated with urban mining, e.g. lower emissions 
levels are required, and the use of specific materials 
is forbidden. Some materials even get hazardous in 
large quantities.

Material waste Less material ends up in landfills in society today; 
more sorting and attention to the 3Rs (reduce, reuse, 
recycle) are seen. Material traceability and waste 
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accounting are becoming more and more common. 

Machines and technology Operations get more complex, which requires more 
advanced machines. This creates the need of easier 
interfaces and track of the operations. 

The machines are from several factors pushed to 
increase its efficiency and to be more specialized. 
Examples of this are ergonomics, fuel efficiency, and 
smaller and more purpose adapted machines. 

More thorough material identification, both automatic 
and manually, are identified. This is in order to make 
sorting processes and extraction of materials refined, 
which leads to both more simplified processes to 
receive shorter cycle times, but also advanced 
automatic processes. 

Other identified special applications to machines are 
modifications adopted for different needs. This also 
includes unique workarounds. 

Work site The work space are getting more and more secure, 
examples of this are less accidents, fewer thefts, and 
a more controlled working environment. Also 
disturbances that affects the surroundings i.e. society 
and infrastructure, such as vibration, noise, and dust 
are reducing. 

The number of employees at a work site is decreasing 
since machines perform more work tasks. 

IT-aids are more and more utilized in order to plan 
and simulate the process ahead. 

Customer Close relationships to the customer are becoming
more important; this is in order to maintain a proper 
identification of needs and interpretations of such. 
Also, the chance to be proactive instead of reactive 
increases with a good relationship to the customer.  

In general Urbanization is a fact, i.e. cities get denser. This leads 
to reconfiguration of old spaces. Extracting and 
recovering resources trapped in these old spaces can 
move the future mining to the C&D industry. 
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Some of these trends and a lot of needs in the market segment urban mining 
can be met by utilizing waste management at the same place as the waste are 
produced, in this case at deconstruction sites. This creates the need of urban 
mining. Figure 5.1 illustrates the urban mining segment that has been 
developed based on the study and the collected drivers and trends.

Figure 5.1. Urban mining segment map.

1. Planning, investigation, and evaluation – A thorough planning and 
evaluation of the site is done before urban mining can proceed safely, 
with minimum impact on your life and the society. 

2. Transportation of equipment and solutions to site with trucks – Urban 
mining solutions, including construction equipment, are transported to 
the project site. Space is a limited resource in dense city environments 
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and solutions must be optimized to comply with social and societal 
constraints. 

3. Deconstruction – Taking down the buildings is done piece-by-piece, 
part-by-part. It involves precise removal of hazardous waste, and the 
separation of reusable and recyclable objects – taking your health and 
the environment in consideration. 

4. Total demolition – Buildings will eventually be razed to the ground. 
The demolition practices ensure your safety when walking in the other 
side of the street. The society keeps on moving unaffected by the 
urban operations, the noise and emission levels. 

5. On-site waste management – A majority of the waste can be taken 
care of on site by storing and processing it with the use of smart 
solutions. It minimizes the number of outgoing trucks that occupies 
the streets, wakes you up every morning, and pollutes the cities. 

6. On-site reuse and recycling – The materials obtained from taking 
down the building can be reused or recycled into construction 
materials. These are directly used in the construction of new buildings 
– turning the old into new. 

7. Distribution of materials – Excess or unused materials is distributed 
locally to where they are needed, which passes you and the 
environment by unaffected. Ultimately, closing the loop. 

5.2 Design process for undefined segments

The differences between developing products/services for initially undefined 
business segments and those who already exists are many. However, the main 
characterizing factor of the design process for unknown research areas are the 
fact that the studied topic needs to be explored and to some extent defined 
before the development can take place. There has to be a problem or a need
identified before any solution has the potential of being developed. This sets 
certain characteristics to the entire design process, which are illustrated below 
in Figure 5.2.
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Figure 5.2. Illustration of a design process for undefined segments.

The most important characteristics of the design process when designing for 
the unknown is the fact that more effort has to be placed in the design phases 
that defines the baseline of the investigated subject. This means that 
benchmarking, needfinding, concept generation and prototyping almost 
reaches through the entire process at the same time as planning and detailed 
product design gets a relatively small amount of focus. This relates to the 
important factor of designing a complete system and future vision of the 
undefined segment in order to define it. This is very important since a 
thorough definition of the area is needed in order to make the unknown field 
understandable, to in turn be able to make it marketable. The thorough 
understanding opens up the possibility to easier be able to start up a new 
project within the same area, whether the initial one have been completed or 
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not. A system view also puts the developed products/services in a context 
where they can gain a greater value by illustrating the needs that are fulfilled.

The developed design process is called a circular design process, which is 
intended to reflect the importance of circular economy in product/service 
development. To maintain a healthy environment in the future, something 
need to change in society’s current behavior. Circular economy is one
approach towards sustainable development processes. It also illustrates a
closed cycle that enables easy pick-up after finished project, since the area 
then is partially defined. The parallel phases in the circle are close, in order to 
show the importance of easy transfers and iterations between the adjacent 
phases of the development. These transfers consist of new valuable gathered 
information that is brought into every iteration in the process. The iterations 
are made in order to diverge the research scope again after converging in a
specific area. This is done to identify and approach the desired goal. This 
diverging and converging scope are illustrated by the double diamond, and 
each triangle work as a gate point where an iteration is made if it is necessary
for the outcome.

A more thorough explanation of the specific characteristics for the design 
process follows step by step below.

5.2.1 Planning

When designing for an unknown area it is almost impossible to set a complete 
and thorough planning in the beginning of the process due to the fact that it is 
difficult to predict how it will turn out and where the collected information 
ultimately leads. However, it is essential to have an outlining of a plan to keep 
the focus within certain boundaries. For this reason, it is preferable to conduct 
a planning with room for adjustments along the process, when investigating 
an undefined field.

It is also very important to create a clear picture of the project’s goal in the 
beginning of the process, especially when designing for a topic that is 
unexplored. It is beneficial to conduct sessions regularly where the vision and 
the goals for the projects are discussed in order to stay focused, keep the 
whole team on the same track, and also to maintain the unity of the team.

Due to the fact that the researched area is not known, it is not possible to 
define the specific problems in an early stage of the process, like it is done in 
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a typical design process. When a design process origins in an undefined 
segment, the quest is at first to define the segment in order to find the 
underlying problems. The problem statement is therefore a task that is 
ongoing throughout the process and that may change whenever new 
information is found.

5.2.2 Benchmarking & needfinding

The benchmarking and needfinding phase needs to be very broad and 
extended throughout the whole development process when designing for an 
unknown area, this is because it is essential to establish a wide understanding 
in order to define the problems and develop solutions for them. For this 
reason, it is important to not narrow down the scope too early on in the 
process. Instead the scope should be held wide and the mind should be kept 
open for new insights and perspectives.

When conducting benchmarking and needfinding, it is important to get out on 
the field and form an own opinion of the studied topic. The fact that there 
initially is a limited amount of information about an unknown area makes it 
almost impossible to draw needs from only previous studies. This is why the 
needfinding needs to be an explorative process that extends over basically the 
entire design process.

When working with an undefined area that is not yet that established on the 
market, it is often hard to gather input from customers since there might not 
be any conscious needs that the customers are aware of. It is therefore extra 
important as an observer to thoroughly and closely observe in order to 
discover these needs that are not obvious to the customer. For instance, the 
performed field visits that has been made throughout the project has shown 
that one recurrent phenomenon in different workplaces are workarounds. By 
identifying these, needs that the customer is not aware of can come to mind. 
Of course, this also applies when working with typical product development 
for a known area, but it is especially important to have in mind while working 
with a field that is unknown, since the customers aren’t familiar with the 
investigated area.

The investigation and research should be continued until the end of the 
development process, since there always are new findings to be made in all 
the stages of designing for the unknown.
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5.2.3 Concept generation & evaluation

Concept generation can be performed in a number of different ways, however, 
no matter what method that is used it is always very important that the 
participants keeps an open mind and avoid criticizing each others ideas. 
Instead, it is better to try to develop them or to use them as inspiration for 
further concept generation. 

During the concept generation it is preferable to focus on quantity, i.e. to 
generate as many ideas as possible. Even if the ideas are crazy and impossible 
to implement with today’s technology, they can bring new insights that can 
lead to other ideas and even be part of defining a future within the segment. 
They also have a great possibility to form parts of a complete system solution 
together with the future vision. 

Since the research and needfinding is so wide, it is beneficial to focus the 
concept generation on a few needs at a time to not create confusion or 
incoherent ideas and discussions. This is one reason why the concept 
generation will be repeated throughout the whole design process, in 
contradistinction to a typical design process where it only is performed a few 
times during a shorter period of time. 

Due to the fact that the concept generation focuses on quantity when 
designing for an unknown area, there will be a lot of ideas to evaluate in this 
part of the development process. It is therefore essential to utilize a tool to 
organize the solutions with the needs that are gathered when evaluating all the 
ideas, in order to see what concepts has the most potential to fulfill these 
needs. One example of such a concept evaluation tool is the Pugh-matrix.

5.2.4 Prototyping & testing

Utilizing prototypes in all steps of the design when developing solutions for 
the unknown is essential by many reasons. First of all in terms of gathering an 
understanding of the appearance and functionalities of a generated concept. 
The second factor is the high potential that the prototype delivers of 
generating new ideas. Another very important reason for prototyping is the 
fact that the concept gets more communicably, which enables for good 
response and feedback.
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Different kinds of prototypes are suitable for various applications, for 
example, quick mock-ups are created in order to basically illustrate how 
something can look or feel. This is a very beneficial way of showing and 
communicating ideas to the rest of the design team, and also to people outside 
the team. Functional prototypes are built with the purpose to try out a certain 
function. Virtual prototyping is an example of another kind of prototyping 
that is beneficial to use before something is physically built, in order to 
illustrate a concept and also get a better understanding of how it will appear.

Testing of the prototypes makes it possible to, through understanding and 
perception, determine if the design is applicable for the intended use or if it 
should be redone or adjusted to fit its purpose. 

5.2.5 Detailed product design, release & follow-up

In this final phase, it is very important to tie things together, especially for an 
undefined area, in order to eliminate loose ends. This is to create a complete 
system within the field, and thereby get a clear picture of what possibilities 
the segment could contain, and also how a future vision within it may look. 
This system and vision will in a continuous research set a baseline to further 
development of the area.

One thing that is very important when releasing the finished solution onto the 
market is to, in a simple and easily understandable way, describe and explain 
the investigated area and its characteristics for the customers. By doing so, 
their understanding regarding underlying problems will become clearer, 
which in turn creates a context for the developed product solution. 

When the product has been released, a follow-up should be performed in 
order to evaluate not only the project and the product, but also if the initially 
undefined segment developed as foreseen. 
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6 Discussion

To understand the following discussion it is important to understand that this 
thesis initiated in January 2015 and was finished in June 2015. The specific 
case that was studied ran at the same time in form of an innovation project 
that initiated already in October 2014. This means that the methodology, the 
data study and the research questions for this thesis not were defined until 
almost half way in to the development project. 

This chapter contains discussions about the approach for this thesis, the 
methodology that was applied, the data gathering that was done, the result 
that was defined and suggestions for further research.

6.1 Perspective

Three general design approaches has been kept in mind during the project; 
design thinking, PSS and circular economy. 

Design thinking is according to Lawson (1997) a mental thought process that 
designers use when working on developing solutions. Brown (2009) states 
that design thinking is an exploratory process that may lead the designer into 
different unforeseen directions. This is why the design process during this 
project has been iterative and non-linear, as shown in the picture to the right 
in Figure 3.2. Utilizing design thinking in the product development process 
for urban mining has been a must, since designing for an unknown subject 
requires an exploratory process to be well defined. Also the fact that the 
process along the way most likely will be iterative when developing with 
these circumstances.

Rajkumar and Baxter (2009) describes that the drivers in the world are 
changing the way that products are developed, and the willingness to provide 
a service combined product (PSS) instead of just material goods are 
increasing. This was kept in mind when developing NIX and the UM Factory 
both in order to provide a complete system view of Urban Mining, but also to 
create service combined products that have the possibilities of being rented to 
complete the system. The development of product-service systems goes in a 
sense hand in hand with designing for urban mining. For example, due to the 
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fact that a PSS is more sustainable than a typical product development 
approach, made it suitable for us to apply in the urban mining project.

The linear economic pattern in society that has been and still is most common
is the approach of take-make-dispose. Its replacement, that is gradually being 
more and more known, is the circular economy. The goal with circular 
economy is to pursue the sustainable development of both the society and the 
economy while aiming to contribute to the protection of the environment. 
Circular economy is in many ways similar to the approach of urban mining 
since they both aim to create living systems where inputs become part of a 
stream that cycles back after use. Ellen MacArthur Foundation (2012) states 
that the core objective of circular economy is to eliminate waste in the entire 
life cycle of a product. It is also important to consider the difference between 
durable and consumable product components. This has been implemented in 
the detailed design for both of the further developed concepts for example by 
choosing materials that are both durable and recyclable, and also by 
considering the manufacturing techniques. 

6.2 Methodological discussion

The methodology that was used for the research in the project from the 
beginning, did later on affect the methodology for this thesis. The 
characteristics of this research method suited the thesis study as well, since 
the same topic was analyzed and some data already were gathered. However, 
different methodological approaches were also investigated by studying 
various method books, in order to find the most suitable way of conducting 
the research within this initially unknown field.

An inductive and qualitative approach was chosen in order to study urban 
mining in an exploratory way. The inductive approach was chosen since the 
investigated area is unknown, hence, observations are therefore needed in an 
early phase in order to gain information around the subject to be able to 
conclude a theory later on, as Trochim (2006) describes the approach. The 
qualitative approach was selected due to that a close relationship between the 
researcher and the subject is needed in order to gain a deep understanding and 
in this way be able to develop suitable solutions within the area. Observations 
and personal interviews were therefore used as primary data collecting 
methods since tangible information from the reality was needed to be able to 
define the research topic. Triangulation was utilized in order to gather the 
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information from many different sources to get a broad understanding of the 
subject, which has been crucial for the study. This explorative approach has 
generated lots of unstructured data that needed to be processed. This resulted 
in the fact that the research has been more time consuming than expected.

The research methodology that was defined from the beginning of the thesis 
study has unlike the product development process been followed without 
unforeseen changes. This exploratory research was definitely the right way of 
approaching a definition of an unknown knowledge field, due to the fact that 
the area is unknown, and therefore had to be thoroughly investigated by 
exploring as large an area as possible. This was noticed quite early in the 
process and it got even clearer throughout the study.

During the development project that is used as a case study in this thesis, a 
task managing system in form of a scrum board was utilized in order to keep 
track of tasks in progress, thus, who was assigned to what, and the progress of 
each task. The scrum board was attached to the wall in the project room by 
using post-its, which made it very easy to get a good overview over the 
progress of the project and also to manage the tasks by moving them around.
This were very helpful during the initiation of the project to keep everyone 
structured and striving towards the same goal. However, one problem with 
this was to keep updating it on a daily basis. In the end this resulted in lack of 
use. By maintaining the updates of this tool, the development process could 
probably be easier to facilitate. Lack of use results in that more meetings and 
discussions in the group are necessary. The scrum board probably has the 
potential of being a very supportive tool if the team has individual tasks 
without meeting each other. In this project the team had a close relationship 
and therefore the information was shared anyway.

The research quality has in this study been maintained by keeping the 
research scope wide and broad. However, the researched area has converged 
and diverged through concept generation and prototyping throughout the 
whole process in order to learn and gain new insights. The collected data has 
been verified from a large amount of sources in order to ensure its 
authenticity. Authenticity is according to Denscombe (2009) one basic criteria 
that must be met in order to determine if the collective data is valid. This
approach was initially only thought to keep the research quality high, 
however, during the course of this thesis, it was discovered that it also was 
necessary because of the fact that urban mining is an unknown area, which
had to be investigated to a wide extent in order to be defined. 
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6.2.1 Data gathering discussion

In order to gain a stable and good knowledge base to be able to facilitate the 
upcoming work in this thesis, information about e.g. urban mining, design 
processes etc. was collected. Since urban mining is a relatively unknown 
subject, it was important to investigate the area thoroughly to gain as much 
information as possible to have something to build upon in the continued 
work. It was discovered early in the process that there is not much published 
material around the topic urban mining and therefore much of the data had to 
be gathered through observations and interviews by conducting various site 
visits. Actual participant observations have been done at 7 different locations 
in Sweden and about as many in USA. Within the time constraints for the 
study, it has been hard to arrange more relevant observations. A better 
planning of these arrangements could result in more visits and generate a 
possibility to gain more information. The amount of team members that 
participated during these observations differed, we noticed that a too large 
group made the observation inefficient. We got the best results when around 4 
people attended. Personal interviews were made with people in different areas 
of knowledge and positions during these visits. The questions that were asked 
were of an open type in order to make the respondent explain as much as 
possible for us to gain a wide understanding. Notes were taken in order to 
analyze the information later; the interviews were also recorded in those cases 
we were allowed. We found it very hard to gather any specifically stated 
needs from the respondents, which makes the observation even more 
important in order to identify potential opportunities.

Both literature and empirical studies has been made throughout this thesis to 
investigate what already has been said, but also to investigate the reality in 
order to interpret and create a personal opinion about the subject. Literature 
studies have in this thesis mainly been utilized for gathering information 
about current design processes, thus for example, methods, tools and 
techniques. Urban mining on the other hand has been investigated mainly by 
empirical studies, since there is not much previous information available 
about this subject. This is why urban mining is classed as an unidentified area. 
The empirical investigation about urban mining resulted in a large number of 
important needs for this future segment. In this study, only the primary needs
got further investigated.
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6.3 Result discussion

The specific research question that was stated in the beginning of the study 
has evolved a bit throughout the work. This is due to the fact that new 
discoveries along the way have made it more obvious regarding what needed 
to be in focus. The general research question is mainly a base for the whole 
project that has been ongoing during the period October 2014 to June 2015, 
and that has been worked with simultaneously as the specific research 
questions. This foundation basically generated the entire case study that was 
needed in order to make this research possible. The main focus has been in the 
specific research questions, however, the general research questions is of 
great importance due to the fact that they are necessary when answering the 
specific ones, since they are the core of the urban mining case study.

The results for the general research questions were achieved in the project 
through conducting a number of field visits, observations, and interviews. The 
result from what was seen shaped the outcome, which led to the definition of 
urban mining. A lot of similarities were detected during these researches, 
regardless of what subarea of urban mining that was investigated. This 
indicates that the collected data is stable and reliable, which in turn shows that 
the definition of urban mining is accurate. Even though a thorough 
investigation about the initially unknown area urban mining has been 
conducted during this thesis, there is still a lot more to discover regarding the 
topic.

The specific research questions that have been answered in this thesis is the 
result of an analysis of how a development project within unknown areas is
conducted, in this case the initially unknown area of urban mining. This is 
done in order to come up with how a design process should look, when 
designing for an unknown area, to be as beneficial as possible. The result was 
because of the case formed by the characteristics of urban mining, however, 
the most typical properties of urban mining has shown to be the fact that it is 
an unknown field. This means that any unknown field will form the design 
process for the unknown in a similar way, i.e. the result of this study, the 
defined design process for the unknown, can be applied in the development in 
any unknown area. The illustrative picture that shows the design process for 
the unknown was designed in order to showcase the result to be able to 
communicate it in an understandable way. 
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To define this process, it has been necessary to study design processes in 
theory, in addition to the practical case study. This is because basic 
knowledge of product development was needed to have a baseline to start 
from. Thus, this thesis has a basic theoretical approach, which affects the 
research and the outcome. This approach causes the fact that the study is
lacking potentially expected tools and utilizations for a master thesis in 
Mechanical engineering, such as calculations etc. Calculations and such 
approaches have instead been conducted within the project, during the 
development of the solutions for the urban mining needs. 

In this thesis, the investigation about different design processes has mainly 
been theoretical. It may be favorable for the investigation to also look in to 
how companies really are performing them in practice as well in order to gain 
more insights on how it looks in the real world instead of just in books. 

In addition to the five main phases in the design process that was defined to 
structure this study, there is of course a need of a development direction i.e. 
delimitation before a planning can be conducted.

6.4 Continued research

As mentioned before, it would be beneficial to look more in to how design 
processes work in practice, in addition to only how they look in theory. In this 
study, only a basic understanding of the characteristics of actual practical 
implementation of design processes in development companies has been 
generated. To create a deeper understanding could be of great help when 
designing a process for an unknown area. Therefore this is recommended as a 
start for continued research. Also, to investigate the urban mining field even 
further in order to gain a deeper understanding of the characteristics to then be 
able to create a complete business segment for the future.

Another next step would be to apply the knowledge from this study as well as 
the design process in a new development project for an unknown research 
area. Through this, a stronger starting position is achieved which will be 
beneficial for the outcome. Learning’s from such a project will also be of 
value to the defined process in order to develop it even further. To do this 
implementation, it is necessary to also analyze the time and financial aspects 
that would be required.
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7 Conclusions

The main trends for urban mining are increased population growth and also 
increased urbanization, stricter laws and regulations, heavy pollution in mass 
production, and enhanced sorting. The main drivers for urban mining are 
increased public awareness, improved environmental protection, and the fact 
that potential resources are incorporated into urban environments.

The main characteristic of a design process that is tailored for unknown areas 
is the fact that the studied topic needs to be explored and to some extent 
defined before any solution can be developed. What really makes the 
difference between a typical design process and the defined design process 
from this thesis is the fact that more effort has to be placed in the design 
phases that establishes the investigated area. This means that benchmarking, 
needfinding, concept generation and prototyping are ongoing throughout 
almost the entire design process. This definition of the initially unknown field 
is essential in order to make it understandable and marketable.
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Appendix 1 Handouts

Field study at Areco Contractor 
Purpose
The purpose with the field visit to Areco Contractor was to gain deeper 
insights, opportunities, experience and knowledge of construction and 
demolition. We also wanted to discuss our previous ideas and concepts with a 
person that is a possible future user to get feedback from someone in the 
business. 

General information
Areco Contractor is a Swedish company that is a part of Areco group. They 
are specialized in demolition and sanitation with a broad competence within 
demolition. They have 40 employees and are working on sites mainly in 
southern Sweden. They have 5-6 machines within the company, 3 of these 
machines have software support connection. Areco Contractor works with 
something called green deconstruction, which basically means that they take 
care of sorting fractions onsite for environmental care.

Website: http://www.arecocontractor.se/

Insights
Deconstruction companies in Sweden perform very precise sorting by 
machine on site, which is very time consuming.

All deconstructions are different. They can differ in everything from 
size, shape, materials and the surroundings. This leads to that all 
buildings have to be deconstructed in different ways. 

The process of the deconstruction in Tingsryd was not planned in 
detail, the driver had to plan himself how to take down the building 
when he came to the site the first time. 

The only thing of value that they get from demolishing a building is
scrap metal, which they get paid for. All other fractions cost to get rid 
of.
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They hide copper and aluminum under other material to protect it from 
theft.

In Sweden there are most often no more than three people working at a 
regular sized demolition site.

They rarely keep materials on site for the next construction, one of the 
reasons why not, is that they rarely have a crusher on site because of 
the noise and dust pollutions. The only place they use a crusher is 
when they demolish a large industry where space and noise is not a big 
issue. 

The foundation and structure of a building is always demolished, no 
one wants to build a new house on the old foundation. But they never 
get down in the topsoil when they deconstruct a building since they 
stop when they have removed the foundation. 

Reuse of deconstruction waste is very rare in Sweden and this leads to 
that they prefer deconstruction by machine instead of manual work. It 
was just some windows and doors specially picked before the 
deconstruction started that were meant to be re-sold for reuse. We 
were really surprised to see how much that was actually left inside the 
building after the deconstruction started. 

When Ronny uses his machine to deconstruct the building he first puts 
the waste in smaller sorted piles before taking that pile and put it in the 
container since he did not reach the container from his working 
position with the excavator. 

Smaller piles of sorted waste before they are put in the containers.
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Findings
Different tools are used in different parts of the deconstruction; the most 
common is the “claw”. They also use a concrete jaw to break down the 
concrete. 

The “claw” (to the left) and the concrete jaw (to the right).

The machine operator Ronny would like to have a feature called Oil quick
attached to his machine. This would ease the switching between tools because 
it would not require time consuming and unpractical manual work with 
hydraulic hoses. 

Ronny the operator and his colleagues at the site, says that a regular machine 
on a demolition site cannot lift more than 4-5 tons depending on which tool he 
had connected. 

The most common buildings the workers deconstruct is made out of wood or 
bricks. But in larger buildings and industries it is mostly concrete. 

Ronny says that if space onsite is needed for material storing, they will make 
place for it. Space for sorting containers is always needed or at least for a 
truck to come and pick up waste, they will close streets or put the containers 
on sidewalks if needed. Without space for this they can't do a demolition or 
deconstruction.  

74



Walkthrough
When we came to the deconstruction site in Tingsryd we got to look around 
by ourselves while the deconstruction was going on. This gave us many
insights in how they work in Sweden.

Then we got to talk to the workers on site, mainly the machine operator 
Ronny. The machine they used was a medium sized excavator with different 
tools for different applications. Ronny had been working in the field of 
deconstruction for a long time and had much experience. He were able to give 
us feedback about our concepts based on his experience. 

We also got to look inside the building even if the deconstruction already was 
started, from this we learned how much that is really taken out before the 
machine operator starts to deconstruct from the outside.

Inside the building after the deconstruction started. 

A deconstruction starts with manual work inside the building to take out some 
of the most important items. They started with 3 days manual deconstruction 
on the inside of the building and the rest of the time will be machine 
deconstruction. Ronny the operator says that as much machine work as 
possible is to prefer, since it often takes longer time for larger items with 
manual work. But manual work can be preferable when sorting out smaller 
pieces.

When the machine deconstruction starts Ronny begins with “undressing” the 
building by removing the facade, insulation and roof. Then he will take down 
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the building from the top. He also removes the whole house from one side 
because of adjacent buildings. 

This regular sized building that we visited will take over a month to 
deconstruct with very exact sorting.

This is how the building looked about one week after the deconstruction 
started.

They sort in five different fractions: wood, concrete/bricks, metals, 
combustibles and “the rest” (mostly insulation and drywall but also 
everything they don’t know where to put). Usually everything is shipped off 
site when the containers are full, sometimes they leave the bricks and concrete 
on the ground in order to reach up to the roof. On this site they shipped away 
wood and “the rest” once a day and the metal container had been emptied 
once during the week they have been there. Ronny estimated that this building 
contains a total of 20 tons of metals, just over 20 tons in both wood and “the 
rest”. He did not have an estimation of the amount of concrete/bricks. The 
metal will be sold to a scrapyard that can handle the volume. So this might 
need to be transported a bit further than the rest of the waste. All the other 
fractions are transported to a nearby municipal plant. 
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Globax, demolition site
Purpose
The purpose with the field visit to Globax was to gain insights, opportunities, 
experience and knowledge of construction and demolition. 

General information
Globax is a Swedish company, specialized in demolition and sanitation with a 
broad competence within demolition. They have 40 employees and are 
working on sites all over Sweden.

Website: http://www.globax.se/

Insights
Material composition varies depending on the building; industry (70% 
brick/concrete), hospital (interior walls of plaster), houses 
(wood/brick).

During demolition, materials are sorted in different fractions: 
combustible, residual (plaster, insulation), electronic scrap, scrap 
metal, wood (pressure-treated wood/untreated wood), concrete and
bricks.

The materials ends up in containers, Globax organizes transport for 
their own containers but in some cases they hire a sub-contractor (for 
example, Sita) for handling the containers.

There is a method to reuse crushed glass and sand by making it into 
glass fiber insulation.

Before the demolition can start there is a lot of things in terms of 
paperwork that needs to be done.

The first thing that is done at the site is sanitation of hazardous waste; 
asbestos, PCB, mercury etc.

They use radio controlled electric powered machinery instead of fossil 
fuel driven inside buildings.
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Opportunities
Plaster and insulation cannot be recycled.

In the demolition process there is a lot of dust released to the 
surroundings.

Interior walls are the most challenging part of deconstruction, due to 
separation of materials.

Heating elements are considered as scrap metal.

Trends
Sanitation takes the most time of the process.

More and more of the materials is recycled/reused.

The amount of accidents on construction and demolition sites has
decreased over time, due to higher safety standards and regulations.

Walkthrough

Introduction and information
We met the CEO of Globax, Börje Åbinger, and started our visit with an 
introduction of the company and some general information about the 
construction and demolition business. We found out that there was a lot of 
paperwork to do before the actual demolition could begin. This paperwork 
included among other things agreements with the municipality and different 
regulations regarding the work environment and hazardous materials.
The site we visited was not a complete demolition of the whole building -
only the inside of the building was being deconstructed to restore the original 
look of the building from the 50s.

Tour through the building
The roof is reinforced for further renovation of the building by adding carbon 
fiber tape. Workers are demolishing the building from the inside both 
manually and by machines – mostly by hand. 
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Workers adding carbon fiber reinforcement (to the left) and tearing down 
interior walls (to the right).

Wood, pipes/metals and cables are taken down and put in piles.

Piles of metal scrap, electric cables and wood.

Interview
After the tour we returned to the office for some coffee and we also got to 
interview one of the workers, Frank. We also had a short discussion with 
Börje and Frank before we went home.
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Stena Technoworld e-Waste recycling 
Guided tour with Rickard Knutsson (section manager).

Purpose
The purpose with the field visit to Stena Technoworlds E-waste recycling 
facility is to gain insights, experience and knowledge of E-waste. This means 
to study the actual flow of the processes, interview the personnel and to gain 
insights of the business. 

General information
Stena Technoworld is an E-waste recycling and waste management business
located in Halmstad and belongs to the family owned Stena metal group. 
Stena Technoworld recycles electronics related to refrigeration appliances, 
office and household use, which have been done since 1992. Today Stena 
belongs to Europe’s leading companies in the recycling sector and have 
facilities in 7 countries, but gathers electronic waste from 17 European 
countries. 

Insights
Limestone is used in the liquid separation method to adjust the density 
of the water, mainly to separate different plastics. The ordinary plastic 
floated and the flameproof (brominated plastics) did sink to the bottom 
of the tank.

o Before they used salt, but it was too expensive in comparison. 

o Brominated plastics are combusted (they are used to increase 
the temperature) and filtered, rest materials are then sent to 
landfill.

To extract the metals they used a combustion process (furnace).

They accept all form of e-waste, which is separated both by hand 
(mainly to separate hazardous material) and automatically.

They did a rough manual sorting in five different fractions.

The waste that is processed was mainly TV displays, computers and 
stereos.

Cables gave 80% copper and was easy to recycle.
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90% of waste is recycled while 10% is landfilled. 

Location of the facility/logistic chain had a big impact on the business 
opportunities and transportations.

Glass from CRT screens was reused. 

Manual processes are only used to separate the valuable electronic 
components and to separate hazardous waste. 

Opportunities
A lot of the E-waste is illegally exported to developing countries 
despite the fact that recycling of e-Waste is a lucrative market.

Separation of waste is done manually in the initial part, even for the 
hazardous substances (for instance mercury in LCD displays).

Marking products that contains hazardous substances enables an easier 
sorting process.

More usage of sustainable materials in the electronics makes it 
possible to crush them without manual handling.

CRT screen glass is reused as abrasive blasting sand or is used as a 
filling material in construction after they are macerated.

Trends
Growing market as the consumption of electronics increases.

Lesser use of toxic materials in E-products.

Less waste goes to landfills.
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Walkthrough

Introduction and information
We got an introduction and a lot of useful information from Rickard 
Knutsson, section manager for Stena Technoworld recycle facility. One major 
aspect of this was their flow of the recycling process: 

1. E-waste from both households and the industry is collected.

2. It is then gathered and transported to a Stena facility.

3. This is then sanitized from toxic material. 

These hazardous materials are sent away for destruction, the 
outcome is then combusted. In the combusting process the toxic 
materials is sorted out via filters and finally ends up as landfill.

4. Manual sorting is followed. The remaining E-waste is sorted in five 
different fractions: Two with precious metals (gold, silver, platinum 
etc.), one with engines, one with plastics and one with glass and CRT 
glass.

5. The materials are then milled down to smaller pieces. 

6. The last step was to sort out the crushed materials in an advanced 
separation process.

Introduction & flowchart of the recycling/logistics.
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The storage of E-waste
The E-waste arrived unsorted to Stena Technoworld in containers. These 
didn’t contain just one sort of E-waste or not even just E-waste, but also other 
material like organic materials that somehow got through. Therefore the 
wheel loader placed the content of the container on a moving belt, which led it 
to the process of rough sorting.

Wheel loader placing E-waste on a moving belt (to the left) and the moving 
belt (to the right).

Containers for sorting, stashed electronic waste and household machines.

Waste management facility
When the E-waste enters the next step in the process flow it travels on a 
moving belt to the human disassembler that separates toxic materials, engines, 
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plastics, precious metals and glass. These are sorted in different fractions, 
which are transported further to the milling. 

Sorting, five different fractions.

Sorting boxes/segments.

84



Affärsverken recycling and waste management 
facility
Guide and tour with Håkan Sandegård (section manager).

Purpose
The purpose with the field visit to Mältan’s recycling and waste management 
facility is to gain insights, experience and knowledge of public/municipal 
waste management. This means to study the actual flow of the processes, 
interview the personnel and gain insight of possible areas of improvements. 

General information
Mältan is a recycling and waste management facility located outside 
Karlskrona. They have 219 employees, within the business areas of 
Electricity, district heating, waste management and city network (internet 
distribution).

The business area of waste management receives its waste from three main 
areas;

1. Organizations and businesses.

2. Recycling facilities (also assist with logistics for containers).

3. Household collecting.

Available at Mältan’s recycling facility;

1. Recycling and sorting of waste.

2. Intermediate storage.

3. Landfill.

4. Composting.

5. Containers.

Insights
Dross (an unwanted byproduct of different purification processes) 
is a very big part of the total amount of waste put on landfills. The 
dross creates a lot of unwanted leach water which cannot be 
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processed at place, but instead have to be send to a purification 
plant. To manage the leach water they have to use a drainage 
system. 

There is an upcoming need of handling sensitive paper/information 
waste e.g. papers from law firms etc. 

If a truck is loaded with different kinds of waste its total weight is 
first measured, it then dumps one part of waste in one area, drives 
back and measures what left of the waste and finally dumps the 
last part of the waste. (Time consuming process).

When the waste-cargo is loaded on to trucks i.e. material going out 
to different companies for use or end storage and processing, they
uses a loader with a build-in scale. This allows the truck to get 
loaded to its maximum limit without having to drive to another 
scale in different a different location to achieve maximum load. 

Households are generally better than companies when it comes to 
sorting their waste. 

o The better the companies sort their waste, the cheaper it 
becomes. 

o Currently there are 4 different ways for a private person to 
throw their waste; waste bin with 2-8 different vessels, 
throwing your waste in different colored bags (these bags 
are then optically sorted according to color at the facility), 
at a waste collection/separation facility close to the 
household or throwing all waste in one place. 

The issue of controlling their logistics in an efficient way was one 
of their main problems. This includes to efficiently minimizing the 
volume of the waste i.e. having it compressed.

Safety issues when working.

There are many laws and regulations, both nationally and 
internationally. In combination with these there are long lead times 
for decisions, creating an obstacle for fast-phased solutions. 
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The most valuable materials are metal and soft plastics.

Opportunities
Wood waste (pallets etc.) is mainly chipped into wood flakes for 
district heating. Great opportunities lies in finding additional purposes 
for wood waste.

Since sorting the waste is an issue (even though it is constantly 
improving) there is an opportunity in improving this process and 
making it more efficient, separating material from material as 
precisely as possible. 

Creating a safer working place through different solutions. 

Finding a solution or application for the dross, this will also solve the 
leach water problem. 

Complete solution for logistics chain, can include tools for safety etc. 
as well. 

Trends
Several facilities are investigating how one can have a positive 
economic development (increase the consumption) and at the same 
decrease the total amount of waste produced.

Large amounts of food waste from the grocery stores are thrown away. 

As we become more aware of how our waste effects the environment 
and it becomes more expensive to throw away unsorted waste, we 
become more motivated to recycle and dispose of our waste in an 
efficient way.

Decreasing landfills as we have begun to see the value in our waste. 

Increasingly more pressure on the industry through stricter laws, 
regulations and global initiatives. 
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Walkthrough

Introduction and information
We got an introduction and a lot of useful information from Håkan 
Sandegård, section manager for Mältans recycle and waste management 
facility.

Introduction and an overview of the area.

Recycle facility
The recycling center is designed for residents to drive up a ramp and to sort & 
throw their waste in containers, which is later handled by waste processing or 
recycling companies like Stena, Sita, Sysab and Ragn-Sells. They had a 
section with containers to divide waste, one section for electrical equipment 
and one section for organic waste.

Waste from household and companies were treated differently – company 
waste was weighted while household waste wasn’t. Households had a fixed 
fee for disposing their waste in the facility.
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Waste management facility

1. Sorting

Here is company and container waste dumped and sorted into different piles. 
Pure wood is chipped into wood chips and used in the district heating facility. 
Impregnated wood is also chipped and then sent to Malmö. Here is the dross 
also mixed with wood chips and put with no further use in landfills.

The landfill is enclosed and has a draining system which leads the leachate 
into dams. The leachate is then pumped to purification plants to be put back 
into the ocean.

Each year there is approximately 2-3k tons of waste put in the landfill. 

Different piles of waste.

2. Household waste and heating facility

Sorted combustible household waste is put in piles for middle storage. Each 
day 30 tons of waste is transported by trucks to Malmö or Västervik to be 
used in district heating facilities because of the fact that they cannot burn 
them in their own facility (its furnace is only designed for wood chips). 
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Household waste and piles of ashes from the district heating facility.

Heating facility.

3. Compression

Plastic and paper and other recyclable materials are compressed into bundles, 
which are sent for recycling into new products.
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Truck putting waste into the compression machine.

4. Composting

The organic material is brought in garbage trucks and dumped in a big pile. 
The compost is then teared apart by a machine (to rip apart the paper bags) 
and mixed with wood flakes. It contains a lot of nourishment and is used as 
fertilizer. This process lasts between 5-8 weeks.

5. Weighing system

To keep track of how much waste is in the facility the trucks are weighted 
before and after entering. In some trucks there is a build in scale. 
Approximately 75-80k tons of waste enters the facility each year, where 4-5k 
is compostable material and 30-35k is combustible.
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Big scale for trucks.

Ending field visit and interview
We ended the field visit with a short Q&A session and an interview with 
Håkan.
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Appendix 2 Mission statement

Mission Statement: Future segment – Urban mining

Product Description
Development of a feasible prototype and 
business model for monetizing the present and 
future urban mining segment 

Benefit Proposition
Providing and creating value through the use or 
handling of urban materials 
Minimizing waste and reducing environmental 
impact 

Key Business Goals
Communicating and fulfilling corporate vision and 
values – safety, quality and environmental care 
Market leaders within urban mining business 
segment

Primary Market Globally and in markets related to urban 
environments 

Assumptions and 
Constraints

Meet principles for sustainability 
Building new or contributing to currently existing 
product and service ecosystem 
Applicable globally in urban environments 

Stakeholders
End-users and purchasers (construction workers 
and building developers)
Manufacturing and service operators (Swecon)
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Appendix 3 Persona
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Appendix 4 Concept generation

Brainstorming
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Brainwriting
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Sprint process
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Appendix 5 Prototypes

In the beginning of the project, before the main data collection about urban 
mining was started, the trend in the society of renewable power sources within 
the transport sector led to the investigation about how this could potentially be 
utilized in the project further on. Since the project focuses on urban mining 
and sustainability where transports stands for large amounts of the pollutants 
into the atmosphere it would be preferable to avoid fossil fuel sources if 
possible. Research of for instance Tesla motors, and the prototyping of a 
small battery powered lego car, was therefore done in order to gain more 
knowledge within this field. From this, insights were gained regarding how an 
electrical motor actually works and how it potentially could be integrated in a 
concept solution later on in the project.

Electric car
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In the concept generation phase some ideas regarding how materials could be 
separated without having to do it by hand was generated. A prototype with the 
intention to investigate ways to separate materials using liquids, in this case 
water and rapeseed oil, was therefore performed. The outcome showed that it 
could be a good way to separate some materials, for instance plastics, raw 
wood and heavier materials like stones and concrete etc. However, to be able 
to separate all kinds of materials, a lot of liquids with different density would 
be needed.

Liquid sorting
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Ideas regarding how materials can be recycled directly on a site in order to 
reduce the transportations of materials were generated. One concept that got 
further developed and prototyped in order to communicate and test the idea to 
gather feedback was the so called UM Factory. The UM Factory contains the 
process inside a sealed container to reduce dust and noise pollutions. Noise 
reduction tests were thereby conducted to the prototype.

UM Factory, in scale 1:4
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Limited space at C&D sites in urban environments is a fact. This woke the 
idea of generating a concept solution that could occupy space vertically 
instead of at the ground. The NIX is that concept.

The NIX
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